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FROM THE EDITORIAL BOARD

Dear readers,

First of all, | want to say that you have done an impressive job in the past few months during the
COVID-19 outbreak and that | am incredibly proud of you. Even though the virus is intangible and
not concrete for many of us, it has caused immense stress and undermined our psychological
well-being. Many of you might have been confronted with sickness, job loss, disappointment or
death. The situation may have impacted your ability to be productive and engage in your every-
day activities, and it may even have made you stop doing the things you love. It is an understate-
ment to say that the coronavirus has caused significant disruption to life as we knew it. Not only
the virus itself, but also the negativity it causes has been highly contagious.

Nevertheless, despite all these circumstances, you managed to find the time and effort to pick
up this journal and read about science. As you might have already heard a billion times this year,
engagement in science is more important than ever. Being your new Scientific Editor-in-Chief, |
could not agree more. We live in a society where we seem to have a love-hate relationship with
science and technology. The continuous change in scientific understanding can be challenging; it
can even evoke fear. It is my aim and RAMS’ aim, to encourage you to develop your own intrinsic
motivation to read and write about science. We, as the board of RAMS, hope to expand and dee-
pen your knowledge by exposing you to various intriguing topics written by our beloved editors
or submitted by curious students like you!

In the 17th edition of our journal, we will discuss various topics concerning immunology ranging
from the implementation of bacteriophages to dyslipidemia and hyperglycemia in psoriatic inpa-
tients. We will reveal whether you unconsciously choose your partner based on their smell, to cre-
ate diversity in MHC-genes, as well as explain the impact of viral infections on the development of
multiple sclerosis. If you have seen the movie “Brain on Fire” you might recognise the topic of our
Zebra of Medicine, which discusses anti-NMDA encephalitis, normally associated with psychiatric
disorders; here we describe a putative alternative aetiology. This and many more articles can be
found in our first edition as the new board of RAMS.

We hope that you enjoy this edition as much as we do, that it inspires and motivates you, and that
it increases your enthusiasm for science and research! Above all, we want to wish you, your loved
ones, and your fellow students a safe passage through this challenging time.

Yours faithfully,

Meélanie Reijnaers, Scientific Editor-In-Chief

www.ramsresearch.nl




r'mz

INDEX

From the Editorial Board

A New Class of Antibiotics: Type Ill Secretion System (T3SS)
Virulence Blockers

Exam Questions

The Power of Pheromones
Myth or Science? - Critical Appraisal

Multiple Sclerosis goes Viral: The Impact of Viral Infections on the
Development of Multiple Sclerosis

Bacteriophages: A Suitable Alternative for Antibiotics?

Anti-NMDAR Encephalitis VS Schizophrenia: A Comparison
between two Clinical Representations
Zebras of Medicine - Review

Dyslipidemia and Hyperglycemia in Psoriatic Inpatients
Clinical Study

Recent High-Impact Papers from Radboudumc Researchers
Summary

Word from the Board

10

11

14

19

22

26

30

31

Radboudumc




D

A NEW CLASS OF ANTIBIOTICS: TYPE 11l SECRETION
SYSTEM (T3SS) VIRULENCE BLOCKERS

Maider Echeveste'

"MSc Biology, Radboud university Faculty of Science, Nijmegen, the Netherlands, in collaboration with Department of Crop and Soil Sciences, Colorado State University, Fort Collins, CO,
USA

Abstract

Background: Although antibiotics have saved innumerable lives, due to the disproportionate use of antibiotics for the treatment of humans
and farm animals, multidrug resistance (MDR) has emerged. Innovative strategies to tackle antibiotic resistance that allow for a more sustainable
therapy to treat bacterial infectious diseases are urgently required.

Objective: This literature review examines the inhibition of conserved growth-dispensable type lll secretion system (T3SS) as promising virulence
blocking strategy.

Methods: T3SS blockers were categorised according to the inhibitor-screening detection method used to identify them, which were the
whole cell-based high-throughput screens or the target-based-inhibition approach. These methods allowed us to perform a comprehensive
examination on methodology cross-validation.

Results: Caminoside-A, derived from a marine sponge extract, was the only compound identified via both screening approaches, indicating that
this is a very promising candidate.

Conclusion: T3SS has been shown to be an attractive target for the development of anti-bacterial drugs. Further smart and refined inhibitor
search designs will improve virulence blocker discovery. Future advances on T3SS inhibition are expected to circumvent the increasing problems

derived from MDR.

KEYWORDS: type three secretion system (T3SS), virulence blocker, inhibitor screening

bacterial pathogenicinfections. Still, the steady misuse of antibiotics

has led to multidrug-resistance (MDR), which has recently spread
and exacerbated, causing the rise of global resistance. Antibiotics Kkill
bacteria by affecting their key cellular processes, translating in a strong
selective pressure to develop resistance against antibiotics [1]. Antibiotics
cause alot of collateral damage as they target not only bacterial pathogens
but also resident flora [1]. The decreasing effectiveness of antibiotics is,
thus, gradually leading us to a post-antibiotic era.

Q ntibiotic therapy is the most commonly used strategy to overcome

Although MDR is now one of the top three threats to global public
health, the current entry rate of new antibiotics is very low [2]. The
lack of novel antibiotic targets, the absence of high throughput screen
(HTS)-induced host cell toxicity, and the disinterest of pharmaceuticals
to invest in the discovery of long-term solutions are some of the
factors causing this novelty shortage. Since, HTS allows us to conduct
millions of parallel chemical tests to assess for their inhibition potential
of new compounds, this method is auspicious. Conversely, MDR has,
unfortunately, given an impulse to shift to more expensive and broad-
spectrum antibiotics [3].

Current anti-bacterial therapies
Extension of the post-antibiotic era is highly dependent on the

4

introduction of novel anti-bacterial medicines. Here, narrow-spectrum
or even organism-specific antibiotics form a particularly exciting
new alternative direction. This includes success stories such as the
top-selling narrow-spectrum lipopeptide daptomycin (marketed as
Cubicin®) antibiotic [1]. Advances in the field of the so-called “antibiotic
stewardship” also promote to stay optimistic with the use of traditional
single-agent antibiotics. Furthermore, knowledge on the survival
advantage of biofilms has led to promising studies. Interestingly,
currently in use, low molecular weight antibiotics were shown to be
prone to penetrate and kill species-specific biofilms (e.g., rifampicin)
[2]. Other remarkable options include antibiotic adjuvants, which either
block resistance or boost host response and monoclonal antibodies or
modifiers of the immune system [1].

Disarming bacterial pathogens: virulence blockers

Long term solutions to the challenge of antibiotic resistance are essential.
The latest studies on bacterial virulence factors and toxins have allowed
us to understand how pathogenic bacteria can manipulate diverse
host cellular processes [4]. Upon encountering a human host, they
use a variety of mechanisms to either hinder or evade host defences.
Bacterial components that interact with the host include capsules,
lipopolysaccharides, exo- and endotoxins, invasins, and adhesins [5].
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Figure 1: Similarities between type Il secretion system and the Eiffel Tower
Left image adapted from Figure 1 of Galan et al. (2014). Surface view of the
3D reconstruction of the cryo-EM map of the Salmonella typhimurium needle
complex13. Danger signal represents the hazard for host cells of having an effector
protein introduced into their body.

For effective host-microbe interaction, some toxins or effector proteins
require microinjection into target cells. Found in many pathogenic gram-
negative bacteria, the type lll secretion system (T3SS) constitutes one
type of sophisticated secretion system. Examples of well-studied T3SS-
carrying bacteria encompass Chlamydia trachomatis, enteropathogenic
or enterohemorrhagic Escherichia coli (EPEC/EHEC, respectively),
Pseudomonas aeruginosa, Salmonella enterica, and Shigella or Yersinia
spp. [6]. Back in 1991, preliminary studies in Yersinia spp. virulent protein
secretion already hinted the existence of T3SS, illustrated in Salmonella
spp. [7-10]. T3SS specialised effector proteins, thus, allow for many
gram-negative bacteria to induce the establishment of infection both in
mammals, fish, insects, or plants [11]. Actually, T3SS could form a diversity
of weapons that disrupt host homeostasis and immune defences via the
disruption of cell cytoskeleton; cell trafficking; epithelium integrity; cell
death/survival pathways; inflammatory signalling, or specific adaptive
immunity triggering [12].

In this light, small organic molecules targeting T3SS virulence or T3SS-
specific virulence blockers could target the virulence factor without
affecting bacterial growth. This would translate into a chemical
virulence attenuation strategy that would ensure low selection pressure
for the emergence of resistant strains. Considering the conservation
of T3SS across several bacterial pathogens, the discovery of effective
broad-spectrum T3SSs would be ground-breaking. Furthermore, host
commensal flora does not use virulence mechanisms and will, therefore,
not be targeted [3]. Molecular docking of atomic structures with
3D-cryo EM allows us to observe bacterial injectisome components with
remarkable high-resolution [13, 14]. This detailed view aids in virulence
blocker search. It could be argued that mutations leading to resistance
produce changes on the T3SS per se. However, mutations affecting T3SS
have shown to lead, with few exceptions, to avirulent phenotypes [15].

T3SS: general architecture and mode of action
T3SS injectisome is a multiprotein complex that transports effector

proteins directly from the bacterial cytosol into eukaryotic host cells.
The membrane-embedded export apparatus controls the secretion
of proteins and anchors the apparatus to the bacterial membrane [13].
The ATPase allows recognition of the chaperone/effector complex as
well as provides energy to insert and unfold effector proteins into the
apparatus. Partially unfolded effector proteins are secreted through a
needle at the extracellular channel (Figure 1) [3].

The needle complex is composed of a base structure embedded in the
bacterial envelope and a needle-shaped extension that protrudes from
the bacterial surface. On the one hand, the base is formed by two inner
(IR1/2) and two outer membrane rings (OR1/2) mediated by a neck [13].
On top, the tip assures regulation of the secretion and forms a scaffold
for the pore-forming unit in the host cell (translocon) assembly [3]. The
most widely conserved injectisome components have homologues in
bacterial flagella, which drive cell motility. In this sense, non-flagellar
T3SS (NF-T3SS) structures, like secretin at the outer membrane, form
optimal inhibitors (Figure 2) [13].

Ideal requisites for virulence blocker design

Unaffected bacterial growth is a sine qua non (without which, not) for
optimal anti-T3SS candidate compound screening. Both in vitro (e.g.,
Hela cells) and in vivo (murine/mammal models) tests must confirm
that compounds are non-toxic for the host, the cells of the human body.
Pharmacokinetics and -dynamics studies should assure that bacterial
cell permeability and drug efflux pump hurdles are overcome. Moreover,
T3SS-blockers must be NF-T3SS specific. Finally, structure-activity
relationship evaluation will allow identification of the biological active
functional groups of T3SS compounds and synthesis of more efficient
drugs. This last step includes conducting a successful clinical trial.

Research aims and approach

«  Summarise currently described T3SS virulence blockers according
to the inhibitor screening detection method used to identify them,
which are whole cell-based (WCB) HTSs or target-based (TB)-
inhibition [6];

. identify double positives for both screening-methods allowing to
perform a comprehensive examination on methodology cross-
validation;

«  highlight promising future directions for T3SS research.

Compounds detected via both approaches might appear to be the most
promising virulence blockers. We hypothesise that the combination
may counterbalance the deficiencies found on each of the approaches.

Methods

The division of this review into two screening approaches was inspired
by the screening categorisation of Charro & Mota et al. [6]. Our review
performs an updated and refined search of their general scheme, while
looking to highlight positive cross-methodology compounds. The
literature search was mainly conducted via PubMed and Academic
Google Scholar. Query search included one or more combinations of
key-words: “type three secretions system,” “virulence blocker,” “inhibitor
screening,” “effector protein,” “transcription,” “atomic characterization,”
“needle tip,” and “ATPase.” After screening for the earliest reviews, key
experimental studies were filtered based on their abstracts. Upon
filtering, experimental investigations on WCB-HTS and TB-approach-
related papers were narrowed down to 19 and 37, respectively.
Reference researches were eventually studied in detail, with a special
focus on the methodology employed. All relevant articles found up to
May 30th, 2019, were included.

"o
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Figure 2: Schematic representation of type lll secretion system of gram-
negative bacteria

IR1/2: Internal ring 1 and 2; OR1/2: Outer ring 1 and 2; PG: peptidoglycan; C:
chaperones.

Results

Whole cell-based, high throughput screening

Both for natural and synthetic compounds, WCB-HTS has been the
primary approach for the study of T3SS virulence blockers. Considering
the particular study design, this category has been further subdivided
into three main read-outs (ROs).

RO1: Gene expression regulation of T3SS genes

Studies on the classic example of MDR and biological warfare strain,
Yersinia spp., allowed the first detailed description of T3SS inhibitors
discovered via WCB-HTS. These studies delivered the still extensively
investigated presumed virulence blockers: salicylidene acylhydrazides
(SAHs). In this study, the effector protein promoter of Yersinia spp.
(Yop) was fused with JuxAB, which encodes for a luciferase, to detect
T3SS gene expression/inhibition (Figure 3A) [16]. Follow-up studies on
SAHs allowed to characterise and confirm its inhibitory effects on other
T3SS-carrying pathogenic bacterial genera, including C. trachomatis,
S. enterica, and S. flexneri [17-20]. S. flexneri-T3SS vs SAHs elucidating
research speculated that the detrimental effects of SAHs on the
bacteria’s T3SS could potentially be linked to needle assembly [19].

Notwithstanding SAHs promising discovery, their study design had
some clear disadvantages [16]. The luciferase light reporter may have
been suppressed at different levels: directly by selective binding to
the luciferase enzyme causing its inhibition, by bacterial toxicity or,
by blocking transcription factors and interfering on luxAB expression.
Moreover, the bacterium secretes a negative regulator until it attaches
to a eukaryotic cell. Thereby, Yop effector measurement is biased.

Subsequent experiments using SAHs compounds screened from
this first WCB study overcame these observed limitations. Candidate
inhibitors proved to specifically inhibit Yop as well as its translation after
infection of HelLa cells [15]. Another pioneering study identified other
non-SAHs Yersinia spp. T3SS inhibitors, using the same reporter gene:

lux operon-luminescence [21]. Under low Ca?', Yersinia spp. bacterial
growth is inhibited while T3SS expression is boosted. Taking advantage
of this peculiar growth under low Ca?, luminescence was used to
measure bacterial growth and T3SS inhibition. This approach was able
to reject compounds that act indirectly on the inhibition of secretion by
the toxic effects on bacteria [21].

T3SS-carrying phytopathogens studies are highly representative of the
mode of action of T3SS-carrying human pathogens. Plants make use
of phenolic compounds to combat the bacterial invasion. Studies on
Dickeya dadantii showed how specific phenolic compounds-o-coumaric
acid (OCA) and t-cinnamic acid (TCA) could upregulate phytopathogens’
T3SS [22]. Furthermore, these discoveries are permitted to identify other
potential T3SS repressors based on OCA and TCA isomers/analogues-
like p-couramic acid, which is an isomer of OCA [23]. More recently, the
T3SS of Ralstonia solanacearum was described to be induced by plant
oleanic and ferulic acids [24, 25]. Investigations in phytopathogen
Erwinia amylovora corroborated the broad T3SS inhibition capacity
of SAHs as well as other virulence factors. Also, iron-scavenging
showed to be fundamental in protecting bacteria from SAHs [26]. The
transcriptional fusion of effector protein of P. aeruginosa with the GFP-
encoding gene allowed us to screen a library of phenolic compounds as
a reverse strategy to look for novel T3SS inhibitors. Since P. aeruginosa
infects both humans and plants, plants may also include T3SS in their
plant defence system (Figure 3A) [27].

RO2: In vitro T3SS effector protein absence/presence

HTS is performed to detect the absence/presence of the T3SS inhibitor
derived effector protein, by using an enzyme-linked immunosorbent
assay and using an anti-T3SS substrate (Figure 3B). Caminoside-A, a
compound able to inhibit secreted proteins from specific bacteria,
was the first T3SS inhibitor discovered when using this experimental
approach. This particular screening design confirmed that growth was
not inhibited [28]. Subsequent investigations in Salmonella spp. in the
same study design detected two fungal analogues or compounds:
Cytosporone B and fusaric acid [29, 30]. Both compounds allowed
bacterial growth and showed no toxic effect on human cells. More
studies on fusaric acid inferred that T3SS inhibition might be performed
via effector protein (SicA) chaperone blockage [31].

RO3: T3SS secreted or translocated reporter proteins

Another WCB study subjected Salmonella spp. to HTS of small
molecule libraries of natural and synthetic compounds. For that, based
on a reporter construct of the effector (SipA) fused to the Yersinia
phospholipase YplA, protein secretion in vitro was measured (Figure
3C). Upon cleavage of the supplied substrate, secreted SipA resulted in
measurable fluorescence. This way, T3SS inhibitor 2-imino-5-arylidene
thiazolidinedione was detected, which was subsequently demonstrated
to also block Yersinia spp. T3SS [32]. Based on translational fusion of
the effector protein with mature TEM-1-lactamase, translocation can
be directly detected in living host cells, using fluorescent lactamase
substrate. The application of this HTS allowed us to identify six Yersinia
spp. specific translocation effector inhibitors (Figure 3C) [33].

Target-based inhibitor design

TB inhibitor design includes the rational design of inhibitors impeding
the assembly of specific structures/effectors of T3SS (Figure 3). Inhibitors
screening for T3SS components could be performed via rationally
design WCB-HTS targeting specific T35S components or HTS aided by
structure-specific computer docking experiments.

Translocators of T3SS-(poly)peptides and proteins
In an attempt to isolate Salmonella spp. SipB effector protein inhibitors,
in the form of exogenous purified polypeptides or polypeptides to
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inhibit the in vitro activity, recombinant SipB*®*% was identified. SipB***- T
%, derived from the C-terminus of the translocon SipB, proved to be a
potent inhibitor of membrane fusion activity as well as the first inhibitor T3SS gene mmm AEperier gems
. . (Phospholipase, lactamase)
of any bacterial T3SS component ever described. It blocked the entry
of both Salmonella spp. (SipB) and Shigella spp. (IpaB) into cultured )

mammalian cells [34]. Human Lactoferrin proteinimpaired the ability of S.
flexneri to infect HeLa cells by inducing the degradation of its translocon
proteins (IpaA and IpaB) [35]. More recently, CoilA and CoilB, 15 amino
acid long peptides presenting coiled-coil regions of the translocon of
EPEC (EspA), effectively inhibited EPEC T3SS-dependent hemolysis of
red blood and mammalian cell invasion via EspA translocon blockage.
Later translocation secretion studies on EHEC and Citrobacter rodentium
reinforced and expanded CoilA and CoilB protection ability [36].

ATPase

As a highly conserved cytosolic protein, ATPase is an attractive
target for broad-applicability anti-T3SS drugs [13]. Three prospective
inhibitors were successfully identified via a computational screening of
commercially available drug-like molecules against the active site of Y.
pestis ATPase, followed by in vitro structure characterisation [37]. These
three candidates were also effective against Burkholderia mallei together
with S. flexneri ATPases, BsaS, and Spa47, respectively [37, 38]. Targeting
ATPase might lead to concerns because of cross-reactivity with human
enzymes. However, it has been argued that bacterial enzymes have less
than 25% of identity to human ATPases and are significantly different,
especially at the active sites [37].

AraC like transcription factor

AraC transcription factors (TFs) belong to the multiple adaptational
response protein family. Inhibition of AraC-mediated activation of
transcription of key virulence genes (including T3SS) has proven to be
a promising and effective strategy. The screening of small molecules
libraries for species-specific AraC-like TF in vitro aided to narrow down
some candidate inhibitors. Benzimidazole, SE-1, and regacin were
identified to prevent species-specific AraC-like TF and DNA binding
in Yersinia pseudotuberculosis (LcrF), S. flexneri (VirF), and C. rodentium
(RegA), respectively [39-41]. Benzimidazole and regacin had its efficacy

further corroborated/ filtered in vivo [39, 41].

Effector protein

Chemical modifications and experimental screening of derivates of
thiohydrazones, thiohydrazides, or oxamine acids allowed us to identify
a potential chlamydial T3SS effector inhibitor: CL-55. CL-55 included all
therequisites targeted: low host toxicity, highly selective with T3SS, good
pharmacokinetic properties, and simple synthesis scheme. It inhibited
chlamydial injection in vitro and selectively blocked the translocation
of its effector protein, IncA [42]. A follow-up study successfully tested
its application in a mice model [43]. Additional CL-55 in vitro assays and
mice models both in S. enterica and P. aeruginosa corroborated its broad
applicability [44, 45].

Needle tip complex

While it often remains enigmatic in which the T3SS component is
inhibited, MBX2359, a class of phenooxyacetamide, is a notable
exception. MBX2359 has shown to specifically target P. aeruginosa
needle tip. Here, P. aeruginosa T3SS inhibitor-resistant mutant was used,
and those mutation sites were then located via thorough sequencing
[46]. This first study was further expanded by testing the efficacy of
MBX2359 in a mouse model where P. aeruginosa abscess formation was
alleviated, and the immune clearance of the mouse was boosted [47].
Computational modelling of Salmonella typhi SipD invasive needle tip
protein combined with molecular docking experiments resulted in the
detection of Caminoside-A. Interestingly, Caminoside-A matches the
T3SS inhibitor described from a marine sponge 15 years ago via WCB-
HTS [48].



A New Class of Antibiotics: Type Three Secretion System (T3SS) Virulence Blockers - Echeveste

Discussion

Overcoming limitations of WCB-HTS

The most pressing concern in the field of virulence blockers is the
identification and characterisation of specific targets. Thereby, WCB
phenotypic HTS are inherently biased and should be carefully evaluated
to avoid false positives. SAHs are the most widely studied chemical
compounds, all derived from WCB-HTS. Different studies have shown
that SAHs mode of action could result in a synergistic effect. Observed
T3SSinhibition could arise from diverse unspecific targets. These include
other key conserved bacterial proteins/enzymes, iron chelation, heme
metabolism pathways, or basic bacterial physiology, including flagellar
T3SS-mediated swimming motility [19, 49-53]. In order to cope with
these limitations, one study successfully chemically optimised SAHs and
described more selective blockers [54]. In order to determine where T3SS
inhibitors interrupt the T3SS process exactly, more general standardised
orthogonal assays for HTS have been alternatively proposed [55]. In this
regard, quantitative structure-activity relationship analysis, including
statistical molecular design, forms a promising refined approach for the
evaluation and smart search of putative T3SS inhibitors [56].

The good and the bad of TB approaches

TB is potentially superior to the phenotypic screens as the search is
rational and directed against a very specific target. Thus, the TB approach
translates into typically faster, cheaper, and more efficient inhibitors.
In fact, they can be identified using less experimental screening and
potentially lower off-target hits. Still, detected compound activity
is often inactive on the cellular level and may lack cell permeability.
For instance, some candidate TB approach derived T3SS ATPase and
AraC-like TF inhibitors either have limited solubility or show non-
specific inhibition at higher concentrations, respectively [37, 40]. Thus,
in practical terms, not being useful for therapeutic applications. Here,
state-of-the-art rational in silico design seems like a prospective bet,
especially considering the major advances in the knowledge of the
atomic structure of several injectisome components and the rapidly
evolving computational docking experiments [13, 14]. Moreover, most
T3SS proteins lack enzymatic activity, and this further hampers HTS.

Caminoside-A: positive on methodology cross-validation
Caminoside-A has been the only compound identified via both
screening approaches WCB-HTS and TB inhibitor design. It constitutes
a promising virulence blocker having proved its functionality in a real
biological system (EPEC), together with its specific interaction with S.
enterica needle tip complex, SipD [28, 48]. In other words, this ensures
that uncertainties found in one approach are counterbalanced on the
other.

Current status and next steps

The refinement of presented inhibitor design approaches, WCB and
TB, would already allow for more advanced and encouraging studies.
In this regard, developing cell-free systems to properly assess and
screen for T3SS inhibitor in vitro is detrimental [6]. Still, further and
clinic widespread use would face unique obstacles. For example, T35S
inhibitors do not affect bacterial replication outside the host. Thus, the
standard minimum inhibitory concentration measurement will not be
useful for assaying comparative drug activity. Instead, an effective dose
of inhibitor will require animal models to predict appropriate dosing
for humans [571. Since most T3SS target a specific subset of pathogenic
bacteria, accurate and fast diagnosis will be a prerequisite for treatment.
For this purpose, point-of-care devices are currently developed [58].

Conclusion and outlook

T3SS is an essential and conserved virulence factor dispensable for

bacterial growth. This review has illustrated that T3SS can also be
viewed as an attractive target for the development of anti-bacterial
drugs. Caminoside-A has been identified for the first time, to the best
of our knowledge, as the only compound positive both for WCB and
TB approaches. Critical steps for the near future should include the
identification of the mode of action of known T3SS virulence blockers
and in silico rational design of new T3SS inhibitors. These discoveries
are expected to circumvent the increasing problems derived from
MDR. Conversely, new drugs targeting T3SS of multiple pathogenic
gram-negative bacteria will allow for a more sustainable therapeutic/
prophylactic pathogen protection.
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EXAM QUESTIONS

Question 1

Antibodies against IL-17, the most relevant product of Th17-cells, are
used to treat patients with psoriasis. While undergoing treatment with
these antibodies, patients have an increased risk of developing ...

A Hay fever
B. Fungal infections
C Viral infections

(Topic from Q4-2 MGZ Immune system, 2019)

The answers to these questions can be found on page 30 in this journal.

10

Question 2

A physician suspects that their patient is infected with the Epstein-Barr vi-
rus (EBV). EBV serology was ordered to strengthen this hypothesis, and the
following result were obtained: EBV-IgM positive, EBV-IgG negative. What
conclusions can be made upon these laboratory results? The patient has a....

A. Primary immune deficiency
B. Primary EBV-infection
C Reactivation of a previous EBV-infection

(Topic from Q4-1 MGZ Immune system, 2017)
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“Make your crush go crazy over you with only a couple of sprays of this pheromone cologne’; “appeal to his desires” or “keep grabbing attention
from women” are some of the promises seen in pheromone perfume adverts. An even bigger trust in the power of pheromones is seen at so-called
“Pheromone Parties”. The participating singles wear the same T-shirt the three nights before, bring it in a zip bag to the party and are given a number
[1]. After a night of smelling the numbered t-shirts, matching singles can then decide to meet up. However, will we really meet our significant other
through the smell of these specific molecules? And can pheromones really boost our sexual attraction? This article aims to explore the science behind

such claims on pheromones in our mating behaviour and choice.

are often associated with sexual attraction and partner choice.

However, the scientific origin of pheromones is not that sexy at all.
In the 1930s, insect researchers were the first to distinguish chemical
signals into endohormones and ectohormones [2]. Endohormones
would be what we still call ‘hormones’ these days, such as the stress
hormone cortisol and the sex hormone testosterone. These signalling
molecules are secreted into the blood by specific glands [3]. The
ectohormones entailed those ‘hormones’ that were secreted from the
body of insects. A wide variety of functions has been ascribed to such
ectohormones of insects, including the trailing of routes to their nest and
alarming for predators [4, 5]. Only in 1959 were ectohormones renamed
to pheromones and associated with sexual attraction by studies focusing
on the silk moth [6]. The female silk moth produces Bombykol, a single
molecule attracting the attention of every male moth around (Figure 1A)
[7]. Darwin had already speculated on such a function of strong-smelling
mammals before, stating that “the most odoriferous males are the most
successful in winning the females” [8]. Yet, in contrast to the insect
pheromones, only a few examples of pheromones have been described
in mammals. This can in large part be attributed to the complex social
behaviour of mammals, that is heavily intertwined with both context
and past experiences [9]. Among the few compounds that have been
linked to reproductive behaviour of mammals is androstenone. Male
pigs produce and secrete androstenone, which then induces lordosis
(mating readiness) in female pigs (Figure 1B) [10]. Androstenone can
even be bought commercially by pig farmers to increase reproductive
success. The finding of androstenone-like compounds under the armpits
of humans led to wild speculations on human pheromones and even a
market of pheromone perfumes [11]. But is there really a scientific basis
to these perfumes claiming to increase our sexual attraction?

Pheromones (pherein: to transfer, hormon: that which excites)

The definition of pheromones

To evaluate the role of pheromones in the mating behaviour and
choice of humans, we first have to define what a pheromone is. The
original definition of pheromones from 1959 states that pheromones
are “substances secreted to the outside by an individual and received
by a second individual of the same species, in which they release a
specific reaction, for example, a definite behaviour or a developmental
process” [6]. This definition was, however, tailored to insect biology,
and redefinitions to apply the concept of pheromones to mammals
have never reached consensus [12, 13]. Nevertheless, most of the

proposed definitions include that pheromones (a) are comprised of
one or only a few compounds, (b) are species-specific, (c) have well-
defined behavioural or endocrine effects, and (d) are little influenced
by learning [12]. Indeed, the androstenone example of pigs concerns
only one compound and has a stereotyped response in the female pigs,
independent of their past experiences [10]. However, the species-specific
criterium would no longer hold if androstenone indeed has similar
effects on human females.

The putative human pheromones

The difficulties with the definition of pheromones did not stop the
commercialisation of androstenone-like compounds in human products.
This commercialisation was further supported by over forty papers that
claim physiological and psychological effects of these‘putative pheromones’
[14]. On the other hand, a large body of scientific critique has been
published as well. Opponents would ask remarkable but critical questions
such as “are women attracted to the odours of male pigs?” and “are birth
rates higher in countries with pig farms?” [12]. Criticisers point out the use
of non-physiological concentrations, small sample sizes, statistical errors,
positive publication bias, and experimenter phenomena (where subjects
are primed to expect the desired effect) in the forty studies [12, 15].
Moreover, not everybody is able to smell androstenone and related steroids,
and the persons who do often find them unpleasant [16]. All in all, the
opponents state that these putative pheromones have never been shown
to be biologically relevant in humans and, therefore, should not be called
pheromones.

The quest continues

But if these androstenone-like compounds are not the human pheromones,
could there be other human pheromones? The slightly disappointing
answer is that we do not know yet; we are not even sure whether human
pheromones exist. Nevertheless, many scientists anticipate that there are
human pheromones yet to be identified [15]. Like many other mammals,
we also undergo changes in smell-producing secretions as we go through
puberty that could function in sexual behaviour, and we have a good
sense of smell [17]. Our difficulty with abstract thinking about smells
seems to be more a cultural than a biological deficiency, related to an
underappreciation of smell in the Western world [18]. However, unlike
statements of pheromone perfume adverts, we no longer have a functional
‘second nose, the vomeronasal organ, that many other animals use to

1
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Figure 3: The role of smell in sexual behaviour and mate selection across the animal kingdom
In silk moths, females produce the molecule Bombykol to attract male moths (A). Male pigs produce the molecule androstenone, which induces mating readiness of
female pigs (B). Humans may use the sense of smell in a more complicated way as women prefer the smell of men with MHC genes dissimilar to their own (C).

detect pheromones [19-21]. This vomeronasal organ is actually found
within the nose and consists of sensory neurons that detect liquid organic
compounds. However, in humans, this organ is believed to be vestigial, like
our tailbone, and non-functional. If we would be able to (unconsciously)
smell pheromones, we would have to detect them with our main olfactory
system. Nevertheless, based on such reports in rabbits and sheep, we can
conclude that, biologically speaking, there is no reason to think that humans
do not use pheromone or pheromone-like molecules as social information
[15]. However, the identification of human pheromones has proven to be a
challenge, since up to this date, not one compound has been isolated that
meets all the criteria of the pheromone definition. The difficulties in finding
human pheromones lay in this strict definition of pheromones, the required
study designs that are hard to translate from animal to human research, and
the possibility that we may have lost our responses to pheromones [12, 15].
It is almost impossible to perform an adequately controlled trial, as human
judgements of smell heavily depend on context and years of learning [9].
The continued quest for pheromones may, therefore, require adaptation of
the pheromone concept to also address the individual differences in body
odour production and perception.

Smelling T-shirts

Even though no human pheromones have been identified yet, we have a
strong belief in the power of smell. Then where does this strong belief come
from? Apart from pheromones, all kinds of non-pheromone smells affect
our physiology and mood. Famous examples include the odours of rose oil
to lower blood pressure, and lemon oil to enhance positive mood [22, 23].
Also, our own body odours can in fact influence others [24]. What we smell
like is mainly determined by our diet, age, gender, and genetic make-up [9].
In addition, how we perceive the smell of others seems to vary between
individuals [9]. A famous example of non-pheromone individual odours
brings us to the‘sweaty T-shirt’ experiments from 1995 [25]. Men were asked
to sleep in the same T-shirt for two nights in a row and not to use odour-
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producing products. Women were asked to rate the scent of these T-shirts
for pleasantness. Remarkably enough, women preferred the T-shirts of men
that had variations in the major histocompatibility complex (MHC) genes
different from their own (Figure 1C). These MHC genes, in humans also
known as human leukocyte antigen genes, are important in the presentation
of antigens toimmune cells, and thereby play an essential role in the defence
against pathogens [26]. The small but specific variations in these MHC genes
determine which antigens will be presented, and thereby which pathogens
can be attacked. The large individual differences in MHC variants can trouble
organ transplantation with transplantation rejections, but also ensure a
wide recognition of pathogens on a population level. On an individual
level, MHC-dependent mate selection would allow women to choose an
immunological complementary partner, such that their children would have
a larger MHC diversity to recognise more pathogens. This would mean that
humans use smell to select mates with favourable genes!

An immunological complementary mate

To better grasp this MHC-dependent odour selection, it is important to
gain insight into the underlying biological basis. It seems that indeed,
humans produce MHC-dependent odours [27, 28]. Although it remains
unclear how exactly MHC molecules lead to specific odour profiles,
trained rats can discriminate between the urine of people with different
MHC genes [29]. Moreover, humans also show MHC-dependent odour
perception [30]. Even the preferences in choosing our own perfumes
seem to correlate with our MHC genotype, leading to speculations that
perfume use has evolved as a means to advertise our own MHC type for
potential mates [31]. Yet, the ‘sweaty T-shirt’ experiment from 1995 has
been repeated over and over with only variable success [32]. Proponents
of the theory state that the importance of MHC-dependent mate
selection differs between study populations. Under certain contexts
and in different geographic regions, MHC dissimilarity preferences may
be stronger [27]. Opponents state that MHC-dependent mate selection
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may have existed, as it is scientifically widely sustained in for example
mice and rats, but that it is greatly overruled by cultural and social factors.

Conclusion

Allinall, it seems that the term pheromoneis confusing and often misused
and that not one human pheromone has been conclusively identified
yet [15]. But poor scientific validity of the pheromone perfumes does
not mean that smell is not important in mating. Smells are actually very
important in recognition and bonding, and possibly even in the finding
of an immunologically complementary partner [32]. However, these
smells are our individual smells and are not perceived the same by every
person of the human species, and should therefore not be confused
with or misnamed as pheromone molecules [15]. While the scientific
quest for human pheromones continues, it would not harm you to take a
good sniff of your potential future mates. In the end, a“Complementary
Immune Gene Party” may not sound as sexy as a“Pheromone Party”, but
it might be a nice party after all.
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Abstract

Multiple Sclerosis (MS) is an autoimmune disease of the central nervous system that has fascinated and bewildered scientists for decades. Patients
suffering from MS have an impaired immune tolerance resulting in the emergence of autoreactive immune cells, which infiltrate the brain and
spinal cord and attack the myelin sheath of nerves. While the prevalence pattern indicates a genetic component to the development of MS,
environmental influences have been identified as crucial players as well, including certain viral infections. Proposed viruses include Epstein-Barr
virus, human cytomegalovirus, and endogenous retroviruses, amidst others. The interplay of viral infections and MS development is complicated,
and many questions remain unanswered, most notably how viruses exactly increase MS susceptibility. Elucidating these mechanisms could provide
valuable insights into immune regulation processes and might be transferable to other immune diseases. Furthermore, a better understanding of
the disease aetiology could substantially improve treatments, which are unsatisfying as of now. Thus, research efforts in this exciting field could
open up new possibilities for treatments and, hence, in the long term, significantly increase the quality of life of MS patients. This article aims to
briefly outline the role of the three aforementioned viruses in MS development and highlight the therapeutical potential of better understanding

the connection between viral infections and MS risk.

KEYWORDS: Autoimmune disease, Environmental risk factor, Epstein-Barr virus, Human cytomegalovirus, Endogenous retroviruses

and long after their introduction in the mid 20th century by Paul Ehrlich,

the concept remained highly controversial [1, 2]. Nonetheless, with
time, more and more diseases were shown to have autoimmune processes
underlying, making autoimmune conditions an important and relatively
common family of diseases [3]. One of these diseases is Multiple Sclerosis
(MS), an autoimmune condition manifesting in the central nervous system
(CNS) with an intriguing prevalence pattern [4]. While MS is rather common
in high-income countries (140 and 108 cases per 100,000 individuals for
North America and Europe, respectively), it occurs to a much lesser extentin
regions like East-Asia and Sub-Saharan Africa with approximately two cases
per 100 000 individuals [4]. Several viral infections have been proposed to
act as environmental factors, including Epstein-Barr virus (EBV), human
cytomegalovirus (CMV),and members of the human endogenous retrovirus
family W (HERV-W) [5-7]. However, no concrete conclusion to the debate
has been obtained yet. Thus, this review aims to give a broad overview of
the disease and the viruses in question, before outlining the current state
of knowledge about the impact of viral infections in MS development and
highlighting the translation potential of these findings.

For along time, autoimmune processes were reckoned to be impossible

Clinical description of the disease

MS is a chronic disease, characterised by inflammatory processes and
demyelination events within the CNS, which describes the destruction
of the myelin layer that normally isolates nerves from its surroundings [5].
Additionally, varying degrees of damage to neurons and their axons have
been described in MS [5]. Symptom:s of the disease vary depending on the
location of the lesions in the brain and can include decreased control of
movement and bladder function as well as reduced cognitive abilities [5].
Two different types of MS can be distinguished when it comes to disease
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progression [8]. One form is characterised by the appearance of timely
restricted symptomes, so-called “relapses”, which then vanishes again, giving
this form of MS the name “relapsing-remitting MS” [8]. Over time, this form
can transform into a secondary progressive state, which is characterised by
the continuous worsening of symptoms [8]. However, in 10% of cases, the
patient’s health status slowly deteriorates from the inception, which is titled
primary progressive MS [8].

Life expectancy seems to be similar between the general population and
MS patients under 40 (hazard ratio (HR) referring to the likelihood that an
individual meets the event, i.e. dies, of 0.63 (95% confidence interval (Cl)
0.23-1.70)) [9]. The HRis slightly increased in patients aged 40-59 compared
to individuals without MS (HR of 1.68 (95% CI 1.05-2.69)) [9]. Strikingly, the
oldest patients (60 years of age and over) showed an HR of 11.37 (95% CI
8.12-15.93), compared to the overall population [9]. These statistics lead us
to conclude a directly proportionate rate of mortality with age. Also, the
overall HR was increased in the MS population, compared to individuals
without MS (HR 3.51, 95% Cl 2.63-4.69), which is backed up by previous
studies [9-12]. While primary progressive MS was significantly associated
with a decrease in life span (risk ratio 1.99; 95% ClI 1.52-2.59), the mean
age of patients at death was similar between primary progressive MS and
relapsing-remitting MS (p-value 0.155) [10]. As of now, there is no curative
treatment available for MS as the current approaches only slow down the
disease progression but do not achieve to halt it completely [8].

Pathogenesis of MS
The pathogenesis of MS is complicated and not fully elucidated yet. As is

the case for any autoimmune disease, it is hypothesised that a defective
immune tolerance causes MS [13]. Under normal conditions, autoreactive
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Figure 1: Proposed pathogenesis of multiple sclerosis

MS arises due to a complex interplay of genetic and environmental risk factors. Genetic risk factors include human leukocyte antigen (HLA) complex-associated and non-
HLA complex-associated alleles. Regarding environmental risk factors, several are thought to impact MS risk, including early-life obesity, smoking, and low serum vitamin
D levels. Furthermore, also certain viral infections might be facilitating MS development, including Epstein-Barr virus (EBV), human cytomegalovirus (CMV) and, members
of the human endogenous retrovirus family W (HERV-W). These risk factors promote the emergence of autoreactive cells that migrate into the central nervous system
(CNS) via the blood-brain barrier (BBB). There they attack the myelin covering of neurons. This process results in demyelination, destructions of axons, loss of synapses, and
damage to neurons and other brain cells, as well as inflammation and activation of the innate immune system and oxidative damage. created with giorender.com.

immune cells of the adaptive immune system are inactivated or removed
by apoptosis. However, in MS, they are thought to persist and become
activated [13]. These cells then enter the CNS and damage the myelin
isolation of neurons, resulting in demyelination, as well as the loss of
synapses, axonal injury, and damage to neurons and other brain cells [13].
Theselocalised spots of tissue damage, called “demyelinated plaques”, show
up as lesions on MRI scans and are associated with the further breakdown
of the blood-brain barrier [13]. Due to the increase in barrier permeability,
there is enhanced leukocyte infiltration into the CNS [13]. Within lesions and
the surrounding tissue, several immune cell types are present, including
B- and T-lymphocytes, monocyte-derived macrophages, natural killer
cells, neutrophils, and microglia [14-16]. The damage is only insufficiently
repaired and gets exacerbated by processes involving the activation of
innate immunity in the CNS and oxidative damage, amongst others [13].
Combined with the exhaustion of the compensatory mechanisms of the
CNS over time, these processes then lead to further decline of neurological
functions [13].

In earlier times, MS was thought to be primarily a T-cell-mediated disease
and there is ample data to substantiate this [17, 18]. However, several clinical
trials were able to show that the use of B-cell depleting antibodies decreased
disease activity, also indicating a role for B-cells in disease pathogenesis
[19, 20]. The role of B-cells seems primarily to be centred around antigen
presentation and the production of proinflammatory cyto-and chemokines
as opposed to antibody production. This conclusion is based on studies
showing a fast improvement of symptoms upon B-cell depleting therapy

and others which determined the absence of autoantibodies [21].
Risk factors

So far, no single genetic determinant of MS has been reported [5]. A
comparison of large population-based twin studies support a genetic
contribution to MS risk; however, the extent is still subject to debate [22].
Instead of a sole genetic source, MS rather seems to arise due to a complex
interplay between geneticrisk factors and environmental factors [8]. Genetic
risk factors are mainly found in loci associated with the human leukocyte
antigen complex and thereby impact the presentation of antigens to
T-lymphocytes [8]. Nevertheless, other gene variants have been implicated
as well [8].

Currently, it is theorised that MS occurs in individuals who are susceptible
to the disease due to their genetic background and additionally
experience a combination of environmental factors [5]. The combination
of environmental circumstances needed to initiate MS in a patient seems
to be highly variable, differing both in the composition of factors as well
as their individual contribution to MS progression [21]. The proposed
environmental factors increasing MS risk are numerous and include
smoking, obesity in early life, and low vitamin D levels [8]. Notably, also viral
infections are discussed in their implication in augmenting MS risk, and
some of the potential viral players are discussed below in an attempt to give
an overview of the proposed interaction models.
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Viral infections as environmental risk factors

Viral infections as initiators of autoimmune diseases have been extensively
reviewed, with the conclusion that some viruses can definitely give rise to
autoimmunity [23, 24]. However, for MS, the situation remains less clear [8].
There are several viruses discussed in connection to MS development, with
some viruses remaining more controversial than others [8]. This review will
focus on three examples, namely EBV, human CMV, and HERV-W (Figure 1)
(5-7].

Of note, this is an active, dynamic field of research and therefore, new
theories about how viral infections act in MS pathogenesis arise and are
overturned almost on a daily basis [25]. The most substantiated hypotheses
are outlined below, although the list is by no means exhaustive [25]. Firstly,
there is molecular mimicry, which describes the induction of an immune
response against a viral antigen, that is similar to a self-antigen, thereby
potentially promoting an autoimmune response [25]. This can also result in
epitope spreading, a process where the body starts fighting viral antigens,
but due to the damage following the immune response, also self-antigens
are released [25]. The immune system then falsely recognises them as viral
antigens and induces an immune response, resulting in autoimmunity
[25]. Another possible theory is titled “bystander activation” and describes
a situation where viral products activate formerly inactive dendritic cells
presenting self-antigens [25]. These then stimulate the emergence of
autoreactive T-cells, thereby promoting autoimmunity [25]. However,
in recent years, the bystander activation theory has been increasingly
regarded as unlikely to be the major mechanism [25]. Lastly, it might be the
case that two viral infections are needed to induce MS development, one
acting as a priming factor and the other virus finally inducing MS years later
[25]. This, however, has only so far been described in animal models of MS
[25].

Research in this field is difficult, and often, the results are inconclusive [26].
One of the biggest hurdles is the small cohorts of eligible participants within
a study [26]. This reduces the power of an analysis to pick up a certain effect
and can potentially result in a lack of significance [26]. Furthermore, often
important information on health aspects of the individual are not available
for all participants, which impedes the analysis [26]. Finally, it needs to be
acknowledged that correlation does not necessarily entail causation [6].
Thus, epidemiological evidence can never establish a causal link between
two aspects and needs to be backed up with experimental data in MS
models [6].

Epstein-Barr virus

EBV is a member of the family of herpesviruses and ubiquitously found in
humans[5]. Following an EBV infection, EBV-specificantibodies can be found
in individuals, who are then described as EBV seropositive [5]. Symptoms of
EBV-induced disease differ depending on the age of the infected person
[5]. While EBV infections in prepubertal individuals are asymptomatic,
adolescents and adults can develop infectious mononucleosis (IM) [5]. IM
is the clinical manifestation of acute EBV infections and characterised by
symptoms like fever, inflammation of the throat, and enlargement of the
lymph nodes [5, 27].

EBV has been associated with the occurrence of MS following a number
of epidemiological studies that investigated the correlation between EBV
seropositivity or a history of IM, and MS in individuals. Firstly, in a serological
study from 2011, all included MS patients were either initially seropositive
for EBV or turned seropositive before the onset of MS [28]. Secondly, a meta-
analysis of 18 studies highlighted that the risk of developing MS is two- to
three-fold higher for individuals with a recorded history of IM than the risk
for individuals that never experienced IM [29]. Conversely, seronegativity
seems to be negatively associated with MS [30]. A meta-analysis calculated
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the MS risk of a member of the EBV seronegative cohort at 0.06, which is
decidedly lower than average (95% Cl 0.03-0.13) [30]. Lastly, this correlation
is backed up by serological data, which correlated the risk of MS with EBV-
specific antibodies [28]. In the largest study, conducted by Munger et al. in
2011, astriking correlation was found between the levels ofimmunoglobulin
G antibodies targeting the Epstein-Barr nuclear antigen (EBNA) complex
and MS risk (p-value 2.1E™) [28]. Furthermore, similar trends also appeared
concerning other EBV-specific antibodies and the risk of developing MS
(p-values 5.7E° for EBNAT, 9E* for EBNA2, and 5.7E” for the viral capsid
antigen) [28].

The exact mechanism of how EBV infection influences the pathogenesis
of MS is not fully elucidated yet; however, numerous theories are currently
being investigated. Interestingly, cross-reactivity of EBNA1 with human
heterogeneous nuclear ribonucleoprotein L, a known autoantigen in MS,
has been described [31]. This strengthens the idea of molecular mimicry.
Furthermore, also EBV-specific mechanisms are debated, such as the
leakage of EBV-infected B-cells into the CNS, where they induce a pro-
inflammatory environment [5, 25].

Notably, rather than exposure to the virus itself (i.e. EBV seropositivity),
the clinical manifestation of the EBV-infection in the form of IM seems
to determine the risk of developing MS [30]. This phenomenon can be
explained by the hygiene hypothesis [30]. It states that early exposure to
infections can aid the formation of immunoregulatory mechanisms, which
then convey protection against pathogenicity of autoreactive cells [32, 33].
The hygiene hypothesis is substantiated by evidence derived from other
prevalent pathogens in the context of MS, like Helicobacter pylori [34]. Due
to MS being a multifactorial disease, it is, up to this day, difficult to determine
causality between EBV and MS, despite the extensive evidence [8]. More
research will be necessary to elucidate mechanisms by which EBV could
induce MS.

Human cytomegalovirus

Human CMV is a member of the family of herpesviruses (just like EBV) and
ubiquitously present in adults [6]. The role of CMV in MS development
is highly controversial and both evidence for a protective as well as for a
harmful role has been acquired [6]. In a recent transethnic case-control
study investigating CMV seropositivity in correlation with MS risk, CMV was
shown to have a protective effect [35]. However, this effect was only found
in Hispanic individuals, as opposed to black or white study participants [36].
This raises the possibility that the protective effect is actually due to a yet
to be determined confounder, instead of CMV [36]. Additionally, a meta-
analysis of previously published studies performed by Pakpoor et al. in 2013
did not find conclusive evidence in favour of an association between CMV
infections and decreased MS risk [36].

Nevertheless, one study described a reduced likelihood for pediatric-
onset MS, which is characterised by an emergence of the disease during
childhood, in the case of CMV seropositivity [37]. This was later broadened
to all types of MS when, in 2013, a meta-analysis claimed CMV infection to
be associated with a lower MS risk in general [26]. However, both studies are
retrospective, which leaves room for doubts [26]. For instance, during the
long periods between initial serological tests and the following classification
of MS progression, initially seronegative patients can become infected with
the virus [26]. This could potentially skew the results [26]. Additionally, the
statistics of retrospective meta-analysis can be misleading [26]. In the meta-
analysis performed by Sundquist et al. in 2013, for example, eleven studies
were included, of which only two initially showed a significant association
between CMV seropositivity and MS development [26]. Nevertheless, the
overall meta-analysis also concluded that CMV seropositivity and MS risk are
significantly associated [26].
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To conclude, the effect of CMV infection on the risk of developing MS
remains highly debated, and no conclusive evidence has been brought
forward to explain the complex interplay. In an attempt to explain the
outlined inconsistencies, the possibility has been raised that CMV may have
opposite effects on MS development and the course of the disease and
may have stronger detrimental effects at later stages [33].

Endogenous retroviruses

Endogenous retroviruses (ERVs) describe repetitive genomic sequences
which are thought to derive from retroviruses infecting germline cells
and integrating into their host cell genome [38]. In humans, they are no
longer active as infectious viruses, although both viral RNA and proteins
are expressed. Furthermore, interactions between the regulatory elements
within the viral genome and cellular transcription factors have been
identified [38]. This raises the possibility that the consistent presence of viral
products impacts cellular processes, including (auto-)Jimmunity [38].

The association of MS and human ERVs (HERVs) is highly controversial,
albeit several systematic reviews and meta-analysis recently illustrated
that, compared to healthy individuals, MS patients over-express RNA from
a specific HERV family, namely the HERV-W family [7]. Other ERV families are
also discussed in the context of MS; however, the gathered evidence is less
strong [7]. HERV-W is constitutively expressed in the CNS [39]. The proposed
mechanism of how HERV-W members facilitate the development of MS
centres around the expressed envelope proteins of these endogenous
retroviruses [40]. These proteins can activate Toll-like receptor 4 in vitro,
which promotes the secretion of several proinflammatory cytokines
[40]. HERV-W proteins further were shown to lead to the development of
neuroinflammation, as well as myelin and oligodendrocyte damage in vivo
[40]. In fact, the envelope protein of HERV-W is considered as a superantigen,
which, after administration to mice, induces systemic inflammation [40]. Of
note, systemic inflammation has also been observed in MS in the form of
peripheral T-cell activation [40]. Expression of the HERV-W envelope protein
has been described in microglial cells and macrophages in MS brains close
to MS lesions and might there drive neuroinflammation [40]. However,
proteins of other HERV families were shown to act immunosuppressive
by inducing immunomodulatory macrophages, which makes the picture
more facetted [41]. Thus, a consensus of the impact of HERV products on MS
risk is yet to be reached, and more research will be necessary to elucidate the
exact effect HERV family members have on MS development.

Translational potential

While MS s, in most cases, not directly fatal, it does have a substantial impact
on the quality of life and can reduce life expectancy [9, 42]. Furthermore,
biomarkers to recognise at-risk individuals for MS are still lacking [25]. In
addition, albeit there are treatments available, they do not achieve satisfying
results for all types of MS progressions [8]. Therefore, there is still an unmet
clinical need for better treatments to actually halt disease progression. A
better understanding of the interaction between viral infections and MS
could enable us to discover biomarkers to (i) identify individuals with a
higher MSrisk and (i) predict disease progression in patients diagnosed with
MS, while also aiding in the development of new therapeutic approaches
[25]. As of 2017, several treatments primarily targeting viruses underwent
trials of varying clinical phases in the context of MS [43]. Most notably,
the antiviral compound acyclovir and its prodrug valacyclovir targeting
herpesviruses took part in three phase lll trials in the last decades [43]. Upon
subgrouping the patients according to disease activity, treatment resulted
in a 34% reduction in relapse rate in patients with high disease activity [44].
Another study indicated a decrease in baseline disease activity following
anti-herpes virus therapy in comparison to a placebo-treated group due
to a decreased number of active CNS lesions in MS patients undergoing
treatment [45]. Thus, while the primary ends of the trials were not met, the

results look promising nonetheless and give hope for the use of antiviral
drugs in treating MS [43].

Conclusion

In conclusion, MS remains a medical challenge due to the elusive disease
pathogenesis, lack of prognostic biomarkers and inadequate treatment
options. The complex interplay between genetic and environmental risk
factors further increases the difficulties in preventing and treating MS.
Understanding how viral infections interact with the MS risk in genetically
susceptible individuals will be pivotal in understanding the molecular
mechanisms behind the disease and finding better treatment approaches.
Furthermore, findings in this field might offer valuable insights for other
autoimmune diseases as well. Antiviral treatments hold the potential to
meet a current gap in medical care and improve the quality of life for MS
patients.
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Organization has expressed the concern of an upcoming post-antibiotic

era, where otherwise ‘simple’ infections may become a real threat again
[1]. Currently, in the USA, itis estimated that more than 35,000 deaths each
year are a result of infection by multi-resistant bacteria [2]. Globally, the
numbers are increasing, with a possibility of 10 million deaths per year
by 2050 [3, 4]. Furthermore, little is invested in the development of new
antibacterial agents by pharmaceutical companies, as the antimicrobial
agent market is less profitable than other markets, such as chemotherapy
[5]. Overall, due to the limited number of treatment possibilities in
bacterial infections, antibiotic resistance is a real threat to humanity in the
present and future to come.

In its first report about antimicrobial resistance, the World Health

Alternatives to antibiotics are likely to be needed to prevent this post-
antibiotic era from happening. Next to other alternatives such as
antibodies, probiotics, lysins, and immune stimulation, bacteriophage
and bacteriophage-based products have shown potential as an option
to combat the antimicrobial resistance problem [6-8]. Every year, there
is an increasing focus on bacteriophage therapy, which is shown by the
growing amount of citations per year from 1100 around 2015 to 1400
in 2017 [9]. From 2017 on, the Dutch program ‘Dokters van Morgen’
made several episodes on bacteriophages and its application around
the world, leading to more attention for phages among the public in
the Netherlands [10, 11]. Despite the recognition, more investment
is needed in these therapies as the current knowledge about
bacteriophage therapy is lacking. Moreover, a review written in 2016
predicted only a nine per cent chance for bacteriophage therapy to be
implemented for the infections caused by C. difficile and P. aeruginosa
by 2025 [6].

In this article, we will address the question of whether bacteriophage
therapy can become an alternative to antibiotic therapy. Starting with
the biology of bacteriophages, the history and the therapy will be
elaborated on, ending with a review of the opportunities and concerns
regarding the therapy. Do you think bacteriophage therapy is the
alternative we need to treat bacterial infections in the future?

History of phages

In 1915, Twort was the first to describe the possibility of a virus that could
infect bacteria, but unfortunately, he could not confirm this hypothesis
[12]. Two years later, the term bacteriophage was confidently coined
by D'Herelle, who found the kind of viruses described by Twort [13].
Developing phage therapy was started with much enthusiasm, but
the enthusiasm calmed down after the discovery of antibiotics and
their use in the Second World War [14]. In the years after the war, in
countries in Eastern Europe, specifically the Soviet Union and Poland,
phage therapy was further used and developed. Most of the current
knowledge and experience with the therapy is associated with The
Hirszfeld Institute in Poland and the Eliava Institute in Georgia [15]. The
Hirszfeld Institute is mainly focused on an individualised approach,
specific for the bacterium in the patient, and reported cure rates of
around 40 per cent [14, 15]. On the other hand, the focus of the Eliava
Institute is more on the development and use of phage cocktails [14,
15]. In Georgia, the phage therapy was part of the standard care long
before double-blinded clinical trials were developed; therefore, the
experiences in these countries are not well documented [14].

Biology of bacteriophages

Bacteriophages are viruses that infect and kill bacteria [15]. In every
natural environment where a bacterial host exists, the corresponding
bacteriophageis also present. The phages play an essential role in many
biological processes, afterall, they are the most plentiful organism on the
planet[16]. Bacteriophages act on specific bacteria or a specific strain of
a bacterium [15]. Thus, when a bacterium has multiple strains, various
bacteriophages can act on it. There are two types of bacteriophages
that infect bacteria via two distinct pathways. The virulent phages have
a lytic cycle in which the phage attaches itself to the bacterium, inserts
its genome, multiplies, and lyses the cell, releasing the new viruses [17].
This lytic cycle can be compared to the way viruses infect humans. On
the other hand, the temperate phages initiate a lysogenic cycle starting
with the phage being dormant as a prophage, replicating along with its
host, and sometimes beginning a lytic cycle through a specific trigger
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[17]. Considering that these temperate phages can be beneficial to the
bacteria by helping to encode genes for virulence factors, they should
currently not be used in phage therapy [18-20].

How to set up bacteriophage therapy

A multi-step process should be followed to arrange a suitable treatment
for a patient experiencing a multi-resistant bacterial infection (Figure
1). The first step in the treatment of a patient with phage therapy is
the selection of the bacteriophage [15]. Without the proper selection
of the right phage, failure of therapy is very likely [20]. The choice of
phage can be quite simple in the case of a mono-bacterial infection, as
only a phage that infects that specific bacterium needs to be selected
[20]. For more complex situations, phage cocktails or banks may be
needed. Phage cocktails are formulations with two or more phage
species that each target a specific species of bacteria [20]. Phage banks
are a collection of phages against specific bacteria that are isolated
and can be used when needed [7]. The advantage of phage cocktails
is its efficacy as you hit the bacteria with multiple phages, whereas the
advantage of banks is the specificity of the therapy [20]. These banks
and cocktails are especially useful when bacteria become phage-
resistant during the treatment with a specific phage [20, 21]. But where
do the bacteriophages in these banks and cocktails come from?

That is where the next three steps in the development of a proper
treatment come into play, starting with the isolation of the phages [15].
For the isolation of the phages, an environmental sample that is known
to contain the bacterial host, like water, soil, or cattle faeces, is needed
[20]. For example, phages have been isolated in cattle feedlots that
infect E. coli and Salmonella spp. [22]. In this process, strains of bacteria
need to beisolated that are identical (or at least as similar as possible) to
the strains of bacteria that will be encountered in the patient [20]. The
next step, after isolation, is the characterisation of the phages, which
is done to make sure that the phages are active against the bacterial
strains present in the patient. Subsequently, the representative sample
of the phages used is characterised to ensure that the treatment is
active against the bacterial strains in the patient [20]. The last step is
the preparation of the phages, which comprises amplification and
purification [20]. This includes a titre of the phage preparation to ensure
appropriate dosing and purity. When this step is completed, the patient
can be treated with the phages (Figure 1).

Bumps in the road to implementation

Considering that much is known about the biology of bacteriophages
and the way to set up treatment, bacteriophage therapy shows high
potential. Nevertheless, implementation in the standard care worldwide
seems far from easy. The first challenge is the lack of sufficient
information retrieved from the currently performed controlled clinical
trials [23]. In the last few years, two main clinical trials were performed
[24, 25]. The first one reported on the safety of phage therapy for
treating venous leg ulcers and found no adverse effects [24]. The
second trial demonstrated the efficacy and safety of its use in chronic
otitis [25]. Currently, several clinical trials are registered to take place in
the next few years [23]. Compared to other drugs, controlled clinical
trials for bacteriophage therapy come with unique considerations, such
as the dosage, host spectrum activity, and phage resistance. The issues
regarding broad bacterial infectivity and phage resistance are already
tackled with effective methods like broad host range phages or cocktails
[21]. As for safety during the trials, the purity of the preparation should
be sufficient. This is a major challenge for widespread use, as viruses can
mutate during the ampilification for in vivo use, possibly troubling the
purity of the virus. Quality parameters for the engineering process of
phage preparation are already formulated [26].
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Figure 1: The development of bacteriophage therapy: a multi-step process
First the right bacteriophage has to be selected. After this selection, the phage
should be isolated from an evironmental sample. Then, effectiveness against the
bacterium is ensured and afterwards the phage preparation can be amplified and
purified.

Outside of Georgia and Poland, no regulatory framework exists for the
use of bacteriophages in the medical context [23]. In the literature, some
researchers have suggested developing such a regulatory framework
[27, 28]. Verbeken et al. analysed the stakeholder opinions and found
that the stakeholders agreed about the need for a regulatory framework
for the phage therapy; one for the properties and interactions of phages
and one for the role of hospitals in the therapy [28]. Besides, a workshop
with the European Medicines Agency acknowledged the need for a
new regulatory framework as the current regulations are unsuitable
for phages [29]. The magistral approach in Belgium is an example of a
situation where political progression results in a framework for the use
of phage therapy [30]. It centres on the preparation of tailored products
that contain non-authorised ingredients (the phages) but have a
certificate from a Belgian Approved Laboratory. These products can be
used in Belgium to treat patients [31].

Although it has been approved in Belgium, the reaction of the general
public on a possible widespread implementation of bacteriophage
therapy is hard to predict. For example, vaccinations are not supported
by everyone, often leading to discussion when new vaccinations enter
the market. Injecting a living, functioning virus into the body of patients
could lead to similar discussions. Would you inject yourself with a live
virus?

Conclusion
Standing on the doorstep of the post-antibiotic era: does bacteriophage

therapy bring light at the end of the tunnel? Indeed, bacteriophage therapy
shows the potential to be one of the alternatives to antibiotics. These bacteria-
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infecting viruses were discovered earlier than the antibiotics themselves, but
the scientific Western world has slept on them for a long time. On the other
hand, Eastern Europe, especially Poland, Georgia, and Russia, already has a
lot of experience with treating patients with phage therapy. The engineering
of phage therapy is known to be a multi-step process, comprising selection,
isolation, characterisation, and preparation of the phages. However,
the lack of clinical trials and a regulatory framework currently prevents
bacteriophages from entering the drug market. Nevertheless, the magistral
approach of Belgium shows the implementation of phage therapy is
possible, giving us hope for a future with widespread bacteriophage use as a
treatment for bacterial infections.
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Abstract

Background: At the onset of anti-N-Methyl-D-aspartate receptor (anti-NMDAR) encephalitis, an autoimmune disease with antibodies against
the NMDAR, approximately 90% of patients experience psychiatric or behavioural symptoms, and in particular, psychosis. This makes it difficult
to differentiate the condition from a primary psychiatric disease such as schizophrenia.

Objective: This review aims to delineate clinical signs that could enhance differentiation between anti-NMDAR encephalitis and schizophrenia
and compare both conditions in terms of diagnosis and treatment.

Discussion: When comparing anti-NMDAR encephalitis with schizophrenia, a difference can be seen in the expression of positive symptoms,
e.g. hallucinations and delusions, and negative symptoms, such as apathy and poverty of speech. In schizophrenia, positive symptoms are more
frequent than negative symptoms at disease onset, whereas both positive and negative symptoms are usually present at the onset of anti-
NMDAR encephalitis. Symptoms generally also have a more rapid progression in anti-NMDAR encephalitis. Other symptoms exclusively seen in
anti-NMDAR encephalitis are seizures, decreased level of consciousness, dyskinesias, and autonomic instability.

Conclusion: It is challenging to distinguish anti-NMDAR encephalitis from a primary psychiatric disorder like schizophrenia, especially in early
stages. However, during the subacute onset of anti-NMDAR encephalitis, several distinctive clinical warning signs emerge, such as decreased
level of consciousness, focal neurological deficits, and epileptic seizures. These warning signs should lead to consultation with a neurologist
where detection of IgG antibodies against the NMDAR in the cerebrospinal fluid is crucial to prevent misdiagnosis. In this way, diagnostic

accuracy can be enhanced, resulting in more adequate patient management.

KEYWORDS: Schizophrenia, Autoimmune encephalitis, Autoimmune psychosis

form of autoimmune encephalitis that was first described in 2007

1. The pathophysiology of anti-NMDAR encephalitis involves an
autoimmune reaction with antibodies against one of the subunits of the
NMDAR [1]. This receptor plays an essential role in neuroplasticity, synaptic
transmission, memory, learning, and human behaviour [1]. At the onset of
anti-NMDAR encephalitis, approximately 90% of patients are reported to
experience psychiatric or behavioural symptoms, making it challenging
to distinguish the condition from a primary psychiatric disease [2]. These
prominent psychiatric manifestations that often occur before the onset
of neurological symptoms can result in misdiagnosis, which delays
diagnosis and treatment [3]. In the early stages of the disease, patients
with anti-NMDAR encephalitis have been misdiagnosed with several
psychotic disorders, including schizophrenia, schizoaffective disorder,
bipolar disorder, and depression [1]. Schizophrenia can be characterised
by delusions, hallucinations, disorganisation, formal thinking changes, and
catatonia, typically occurring for the first time during adolescence and early
adulthood [4]. Early recognition of anti-NMDAR encephalitis is essential,
considering that this is a treatable neurological disorder that can have a
severe clinical course when no treatment is applied. This review aims to
delineate the characteristic properties of anti-NDMDAR encephalitis and
schizophrenia.

L‘ nti-N-Methyl-D-aspartate receptor (anti-NMDAR) encephalitis is a

22

Clinical presentation

Schizophrenia

The mean age of schizophrenia presentation is 25-35 years in women and
18-25 years in men, with a female to male ratio of 0.92:1 [2]. Patients with
schizophrenia generally present with symptoms that can be classified
under four distinct areas of psychopathology: positive symptoms, negative
symptoms, cognitive impairment, and mood and anxiety symptoms [5].
Positive symptoms generally appear in adolescence or early adulthood and
mark the formal onset of schizophrenia [4]. These include reality distortions
as hallucinations and delusions, as well as disorganisation in behaviour,
thinking, and speech [4]. Auditory hallucinations, such as hearing voices,
are the most common [4].

While positive symptoms represent an exaggeration of normal processes,
negative symptoms embody an absence or diminution of normal
processes. These symptoms involve a reduction or loss of affective and
conative functions, including poverty of speech, inability to experience
pleasure, lack of initiative and interest, and loss of motivation. Positive
symptoms tend to relapse and remit, whereas negative and cognitive
symptoms are often chronic [5]. Impairments in cognition can include
deficits in attention, memory, and executive functions [5]. Mood and
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Figure 1: Clinical course of schizophrenia and NMIDAR-encephalitis

anxiety disorders, such as depression, are also common in patients with
schizophrenia [5]. In addition, there are several physical manifestations
associated with schizophrenia, including neurological disturbances,
catatonia, and metabolic disturbances [4].

The dlinical course of schizophrenia involves four different phases: the
premorbid phase, the prodromal phase, the psychotic phase and the stable
phase (Figure 1A) [4]. Although useful in some respects, it is important to
note that the differentiation between these phases isimprecise [4]. Among
patients, there is variation in iliness progression and over 50% of individuals
with attenuated psychotic symptomes, indicative of the prodromal phase of
schizophrenia, eventually do not develop schizophrenia [4]. To summarise,
the typical clinical course of schizophrenia exists out of four different
phases with different positive, negative, cognitive, and mood and anxiety
symptoms throughout [4].

Anti-NMDAR encephalitis

The median age at anti-NMDAR encephalitis onset is 21 years, but cases
have been described in patients ranging from eight months to 85 years
[2]. With a female to male ratio of 8:2, anti-NMDAR encephalitis is a
female predominant disease which is also associated with a number of
malignancies, of which ovarian teratomas are the most common [2]. In 59%
of cases, the diagnosis was associated with ovarian teratomas [6].

Before the onset of neurological manifestations, prodromal symptoms
suchasfever, headache, nausea, vomiting, diarrhoea, and flu-like symptoms
appear in approximately 70% of patients with anti-NMDAR encephalitis [7].
At an early stage, patients can display behavioural complaints, psychosis,
delusions, hallucinations, and paranoia, which are often accompanied by
memory deficits and language disturbances [2, 7]. Movement disorders are
also common in patients with anti-NMDAR encephalitis [2, 7-9]. Ultimately,
patients may progress to catatonia, a psychomotor syndrome that occurs
in over 10% of patients with psychiatric illnesses, or mutism, followed by a
decreased level of consciousness and autonomic instability [7-9].

Psychiatric symptoms and seizures are more common in adults compared
to children, with 16% of female patients and 34% of male patients
experiencing seizures [7]. Children, on the other hand, often present with
behavioural symptoms and movement disorders [7]. Overall, the most
common symptom in anti-NMDAR encephalitis is agitation, followed by
psychotic symptoms (54%) and catatonia in 42% of adults and 35% of
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children [8]. In short, the typical clinical course of anti-NMDAR encephalitis
can be divided into a prodromal period, a psychiatric period, a period
of neurological complications and finally, a slow recovery phase with
prolonged deficits which can last for months or years (Figure 1B) [2, 9].
Although the majority of patients recover well, anti-NMDAR encephalitis
can result in residual cognitive deficits [9].

Differences in clinical presentation

The prominent psychiatric and behavioural symptoms featured in the
majority of patients with anti-NMDAR encephalitis at disease onset can
make it difficult to distinguish the condition from a primary psychiatric
disease [2]. The acronym “SEARCH For NMDAR-A" covers a combination of
diagnostic clues that should raise suspicion for anti-NMDAR encephalitis in
patients with new-onset psychiatric symptoms (Table 1) [2].

When comparing the clinical presentation of anti-NMDAR encephalitis
with that of schizophrenia, differences can be seen in the expression of
positive and negative symptoms [2]. In schizophrenia, positive symptoms
are more frequent than negative symptoms at disease onset [2]. In anti-
NMDAR encephalitis, positive and negative symptoms are usually present
at the onset and symptoms develop in days or weeks [2]. The rapid onset
of the disease is also in contrast with primary psychiatric disorders, in which
symptoms usually have a more graduate progression, or, in case of acute
psychosis, the onset is generally preceded by behavioural changes [2].
Other symptoms that differ from those seen in schizophrenia are seizures,
decreased level of consciousness, dyskinesias, and autonomic instability
[2]. These differences, as well as the diagnostic clues included in the
mentioned acronym, might be useful to keep in mind when evaluating a
patient presenting with psychiatric symptoms.

Diagnosis

A specific diagnosis of schizophrenia is one of exclusion and is only made
after several months of observation using ICD-10 or DSM-5 criteria [11].
Delusions, hallucinations, disorganised speech or behaviour, and negative
symptoms are characteristic symptoms of the disorder, and according to
the DSM-5, at least two of these symptoms should be present to make the
diagnosis[12]. These symptoms should be linked with social dysfunctionfora
minimum duration of six months [12]. Further diagnostic criteria incorporate
that another diagnosis that would better explain the presentation should
be absent [12].
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With regard to recognising possible anti-NMDAR encephalitis in patients
with psychotic symptoms, the following clinical warning signs could be

Table 1: Diagnostic clues for anti-NMDAR encephalitis in patients with new-
onset psychiatric symptoms (SEARCH For NMDAR-A) [2]

S | Sleep dysfunction
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Excitement,
disinhibition, or
manic behaviour
alternating with
depressive
behaviour

Agitation or
aggression

Rapid onset

Children and young

adult
predominance

History of

psychiatric disease

absent

Fluctuating
catatonia

Negative and
positive symptoms
at presentation

Memory deficit

Decrease of verbal
output or mutism

Antipsychotic
intolerance
Rule out

neuroleptic
malignant

syndrome

Antibodies and
additional
paraclinical tests
(EEG), MRI, or
CSF)

Severe sleeplessness is more
common than narcolepsy at the
onset, whereas narcolepsy is
more frequent during the phase
of recovery. This is sometimes
associated with excessive eating
and hypersexuality.

Manic and bizarre behaviour,
hypersexuality, or wandering are
frequent at disease onset,
whereas depression and
suicidality are less common.

Similar in children and adults.

Symptoms develop in days or
weeks. By contrast, symptoms
have a slower progression in
primary psychiatric diseases. In
case of acute psychosis,
behavioural changes are often
seen before the onset.

Median age at disease onset is
21 years, and the disease is more
common in women.

Previous episodes of psychosis
or behavioural change are often
caused by anti-NMDAR
encephalitis.

Catatonia can alternate with
episodes of agitation.

Both positive and negative
symptoms are usually present at
the onset.

Most patients do not remember a

large period of their disease
course after they have recovered.

Decrease of verbal output occurs
rapidly, particularly in children,
and can be preceded by
pressured speech.

Applicable to typical and atypical
antipsychotics.

Patients considered to have a

primary psychiatric disease and
are treated with neuroleptics, can

be misdiagnosed with neuroleptic
malignant syndrome instead of
anti-NMDAR encephalitis.

NMDAR antibodies are always
present in CFS and 80% of
patients have pleocytosis.

helpful: subacute onset, defined as rapid progression within three months
despite pharmacotherapy, decreased consciousness level, memory
deficits or disorientation, catatonia, speech dysfunction (aphasia or
dysarthria), abnormal postures or movements (dystonia or dyskinesia), focal
neurological deficits, autonomic dysfunction, headache, hyponatremia,
other autoimmune diseases, and epileptic seizures [2, 8, 13].

In order to aid the diagnosis of anti-NMDAR encephalitis, a set of diagnostic
criteria was developed in 2016 (Table 2) [2]. Although these criteria may
facilitate early diagnosis and treatment, demonstration of IgG antibodies
against a specific subunit of the NMDAR is the only test, for now, that can
confirm the diagnosis [2]. Considering that NMDAR antibodies are always
present in cerebrospinal fluid (CSF) at time of diagnosis and 80% of patients
have pleocytosis, which is an increased cell count, these antibodies have
higher specificity and sensitivity compared to serum antibodies [2].
However, it is recommended to test both CSF and serum to avoid false-
negative or false-positive results [14].

Electroencephalography (EEG) can be helpful to distinguish encephalitis
from a primary psychiatric disorder since 90% of patients with anti-NMDAR
encephalitis have evidence of non-specific slowing at some point during the
disease [6, 13]. The most frequent abnormal EEG finding is slow-wave with
or without epileptic features [6]. As for brain imaging techniques, MRI only
shows abnormalities in 33% of the cases [14]. Due to the higher incidence of
malignancies in patients with anti-NMDAR encephalitis, tumour screening
with CT, MRI, and abdominal and transvaginal ultrasound is strongly
recommended [15].

Allin all, in the case of anti-NMDAR encephalitis, detection of IgG antibodies
in CSF or plasma is the gold standard to obtain the diagnosis, but other
diagnostic measures such as EEG or MRI may be used to exclude other
causes and support the diagnosis [13]. For schizophrenia, the diagnosis is
made based on clinical presentation and prolonged evaluation using ICD-
10 or DSM-5 criteria [11].

Treatment

Even though schizophrenia and anti-NMDAR encephalitis share a number
of clinical features, there are significant differences in terms of treatment.
Schizophreniarequires lifelong treatmentand management. A combination
of pharmacologic agents and psychological interventions is recommended
for first-episode psychosis, acute exacerbations, and prevention of relapse
of psychosis [16]. The first-line pharmacological treatment of acute psychosis
consists of second-generation oral antipsychotics, such as haloperidol or
olanzapine. [17]. Sometimes an antipsychotic of this type is commenced in
combination with adjunctive medication, for example, a benzodiazepine
or antidepressant, when clinically indicated [16]. Examples of psychosocial
interventions that are proven to be effective in the management of
schizophrenia are cognitive behavioural therapy, group therapy, and social
skills training [18]. For adult patients who do not respond to pharmacological
treatment, electroconvulsive therapy may be considered [17].

For anti-NMDAR encephalitis, immunotherapy is the primary treatment
[1]. Firstline immunotherapy includes high-dose steroids, such as
methylprednisolone, intravenous gamma globulin, and plasma exchange
[1].Ifatumouris present, tumour resection s also a part of first-line treatment
[1]. Second-line immunotherapy, such as rituximab or cyclophosphamide,
can be used when patients are unresponsive to first-line immunotherapy,
which is the case in 50% of the patients [1]. Psychiatric symptoms often
require additional treatment through multiple psychotropic drugs [1].
Anti-NMDAR encephalitis can be lethal but often has a good prognosis
if diagnosed and treated quickly. In the case of schizophrenia, delayed
treatment may increase the risk of brain volume loss [16]. Thus, although
schizophrenia is a chronic disease and anti-NMDAR encephalitis is a
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Table 2: Diagnostic criteria for anti-NMDAR encephalitis [2]
Probable anti-NMDAR encephalitis:

A. Rapid onset (<3 months) of at least four of the six
following significant groups of symptoms (or three if the

patient has an underlying tumour):

1. Abnormal (psychiatric) behaviour or cognitive
dysfunction

2. Speech dysfunction (pressured speech, verbal
reduction or mutism)

3. Seizure

4. Movement disorder, dyskinesias or
rigidity/abnormal postures

5. Decreased level of consciousness

6. Autonomic dysfunction or central
hypoventilation

B. ' At least one of the following laboratory study results:

1. Abnormal EEG (focal or diffuse slow or
disorganized activity, epileptic activity, or
extreme delta brush)

2. CSF with pleocytosis or oligoclonal bands

C. | Reasonable exclusion of other disorders, such as CNS
infection, herpes simplex virus encephalitis, epileptic
disorders, or known psychiatric disease.

Definite anti-NMDAR encephalitis:

Presence of at least one of the six major groups of
symptoms (A), and IgG anti-GluN1 antibodies, after
reasonable exclusion of other disorders (C).

reversible disorder, it is crucial for both conditions to start treatment as soon
as possible.

Conclusions

It is challenging to distinguish anti-NMDAR encephalitis from a primary
psychiatric disorder like schizophrenia, especially in early stages. Symptoms
seeninanti-NMDAR encephalitis that differ from those seenin schizophrenia
include seizures, decreased level of consciousness, dyskinesias, and
autonomic instability [2].

Overall, clinical warning signs of possible anti-NMDAR encephalitis in
patients with psychotic symptoms include the following: subacute
onset, memory deficits or disorientation, catatonia, speech dysfunction
(@phasia or dysarthria), abnormal postures or movements (dystonia or
dyskinesia), focal neurological deficits, autonomic dysfunction, headache,
hyponatremia, other autoimmune diseases, and most importantly epileptic
seizures [2, 8, 13]. These warning signs should lead to consultation with a
neurologist. Determination of IgG antibodies against the NMDAR in CSF
is crucial to prevent misdiagnosis in anti-NMDAR encephalitis and should
be performed in every patient presenting with psychiatric symptoms in
combination with one or more of the mentioned warning signs [2]. In this
way, diagnostic accuracy can be enhanced, resulting in more adequate
patient management.

Acknowledgements

RAMS would like to thank S. Lassche, MSc, from the Department of
Neurology, Radboudumc, Nijmegen, The Netherlands, for proofreading
this article and providing feedback.

References

1. Huang, Q, et al. Anti-N-methyl-D-aspartate receptor en-
cephalitis: A review of pathogenic mechanisms, treatment,
prognosis. Brain Research 1727, 146549 (2020).

2. Dalmau, J, etal. An update on anti-NMDA receptor enceph-
alitis for neurologists and psychiatrists: mechanisms and
models. The Lancet Neurology 18, 1045-1057 (2019).

3. Gibson, L.L, et al. The Psychiatric Phenotype of Anti-NMDA
Receptor Encephalitis. The Journal of Neuropsychiatry and
Clinical Neurosciences 31, 70-79 (2019).

4. Tandon, R, etal. Schizophrenia,“just the facts”4. Clinical fea-
tures and conceptualization. Schizophrenia Research 110,
1-23 (2009).

5. Owen, MJ, et al. Schizophrenia. Lancet 388, 86-97 (2016).

6. Barry, H, et al. Anti-N-methyl-d-aspartate receptor enceph-
alitis: review of clinical presentation, diagnosis and treat-
ment. BJPsych Bull 39, 19-23 (2015).

7. Dutra, LA, etal. Autoimmune encephalitis: a review of diag-
nosis and treatment. Arquivos de Neuro-Psiquiatria 76, 41-49
(2018).

8. Herken, J. &Priiss, H. Red Flags: Clinical Signs for Identifying
Autoimmune Encephalitis in Psychiatric Patients. Frontiers
in Psychiatry 8(2017).

9. Finke, C, et al. Cognitive deficits following anti-NMDA re-
ceptor encephalitis. J Neurol Neurosurg Psychiatry 83, 195-
198 (2012).

10. Kayser, M.S. & Dalmau, J. Anti-NMDA receptor encephalitis,
autoimmunity, and psychosis. Schizophrenia Research 176,
36-40 (2016).

11. Soares-Weiser, K, et al. First rank symptoms for schizophre-
nia. Cochrane Database Syst Rev 1, CD010653-CD010653
(2015).

12. Anonymous. Schizophrenia Spectrum and Other Psy-
chotic Disorders. in Diagnostic and Statistical Manual of
Mental Disorders, Vol. (ed.A(eds. https://dsm-psychi-
atryonline-org.ru.idm.oclc.org/doi/full/10.1176/appi.
books.9780890425596.dsm02

13. Steiner, J, et al. Autoimmune encephalitis with psychosis:
Warning signs, step-by-step diagnostics and treatment. The
World Journal of Biological Psychiatry 21, 241-254 (2020).

14. Endres, D, et al. Autoimmune encephalitis as a differential
diagnosis of schizophreniform psychosis: clinical symptom-
atology, pathophysiology, diagnostic approach, and thera-
peutic considerations. European Archives of Psychiatry and
Clinical Neuroscience (2020).

15. Amugoda, C, et al. Anti-NMDAR Encephalitis: Higher Suspi-
cious Needed for Earlier Diagnosis (Case Report, Literature
Review and Diagnostic Criteria). Case Reports in Neurological
Medicine 2019, 1-5 (2019).

16. Kahn, R.S,, et al. Schizophrenia. Nat Rev Dis Primers 1, 15067
(2015).

17. Keepers, G.A, et al. The American Psychiatric Association
Practice Guideline for the Treatment of Patients With Schizo-
phrenia. American Journal of Psychiatry 177, 868-872 (2020).

18. Grover, S, et al. Clinical Practice Guidelines for Management
of Schizophrenia. Indian Journal of Psychiatry 59, 19-33
(2017).

25



7D

3
=

DYSLIPIDEMIA AND HYPERGLYCEMIA
IN PSORIATIC INPATIENTS

Bojan Popchanovski'

"Master’s student Medicine, University Ss. Cyril and Methodius, Skopje, Republic of Macedonia, participant Summer School

Abstract Clinical Study

Background: Psoriasis is a chronic cutaneous T-cell mediated disease, which has been associated with many comorbidities, such as metabolic
disorders. Specific abnormalities include dyslipidemia, insulin resistance, obesity, and metabolic syndrome, many of which are themselves risk
factors for other diseases. The goal of this study was to evaluate the presence of dyslipidemia and hyperglycemia in patients with psoriasis.

Methods: We compared 48 inpatients with plaque psoriasis aged 29-79, hospitalised between March 2018 and February 2019, to 48 age-
and gender-matched controls. We evaluated dyslipidemia and hyperglycemia using enzymatic methods as part of a standard blood test or
medication history indicative of ongoing treatment of dyslipidemia and/or hyperglycemia. Hypertension was evaluated by registering blood
pressure greater than 140/90 mmHg or ongoing antihypertensive treatment. Smoking habits were also noted.

Results: There were statistically significant differences between psoriasis patients and controls for elevated total cholesterol (p=0.028),
elevated low-density lipoprotein (LDL) (p=0.015), hypertriglyceridemia (p=0.006), and hyperglycemia (p=0.021). The two groups had statistically
insignificant differences for lowered high-density lipoprotein (p=0.084), hypertension (p=1), and smoking (p=0.836).

Conclusion: Hypertriglyceridemia, hyperglycemia, and elevated LDL cholesterol were found to be more prevalent in the group containing
psoriatic patients compared to the control group. This indicates that further investigation of metabolic abnormalities should be conducted in

psoriatic patients, which could greatly benefit from early treatment of the aforementioned underlying conditions.

KEYWORDS: Psoriasis, Inpatients, Metabolic syndrome, Dyslipidemias, Hyperglycemia

prevalence of 2% [2]. Tumor necrosis factor alpha, interferon alpha,

interleukin 23, and T-helper 17 cells play an important role in the
pathogenesis of psoriasis [3]. Recent evidence suggests that metabolic
abnormalities are present in the milieu of chronic inflammation, as in the
case of rheumatological diseases [4]. Chronic inflammation is thought to
cause cytokine-induced changes in glucose and lipoprotein metabolism,
alluding to a similar situation that happens in the case of insulin resistance
caused by cytokines secreted by adipose tissue [5, 6].

Psoriasis is a chronic immune-mediated skin disorder, with a

The amount of data on the effect of psoriasis on metabolism is increasing,
but various results have been reported. For triglyceride levels, there are
studies that found increased levels as well as statistically insignificant
changes [7-13]. There are studies that associated psoriasis with higher, and
others with normal LDL (low-density lipoprotein) cholesterol levels [7-9,
14-18]. As for HDL (high-density lipoprotein) cholesterol, there are studies
that associated psoriasis with lower HDL levels and studies that did not
make that association [7, 9, 14-20]. A correlation was reported between
psoriasis and diabetes mellitus in some studies, and in other studies, no
such correlation was made [7, 8, 15, 19, 21-25]. Results on hypertension
and psoriasis were also conflicting, as there are studies that established a
link and studies that did not [16, 21].

Quantitative and qualitative changes in lipoprotein metabolism, caused by

chronic inflammation, may be of potential clinical significance in patients
with a high risk of cardiovascular comorbidity. This study was conducted
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to examine the correlation between psoriasis and abnormal glucose and
lipid metabolism.

Methods

This retrospective study took into account 48 inpatients (27 males, 21
females) with psoriasis vulgaris (placata and nummularis type) aged 29-
79, hospitalised in the University Clinic of Dermatology at the Medical
Faculty in Skopje, between March 2018 and February 2019. Data were
derived from the clinic’s inpatient medical records. Psoriatic inpatients that
had pustular psoriasis, psoriatic arthritis, erythrodermia, prior systemic
treatment for psoriasis, concomitant tumours, chronic lung, heart, kidney,
and rheumatological diseases were excluded from the study. These 48
inpatients were paired with another 48 inpatients, matched for age (+1
year) and gender, hospitalised within the same timeframe, and in the same
clinic. The exclusion criteria were the same for this group. The diagnoses of
the control group inpatients were the following (Figure 1): urticaria acuta
(23), reactio anaphylactica (5), reactio allergica post ictus ab insectis (4),
erythema multiforme (3), eczema chronicum (3), oedema Quincke faciei
(2), erysipelas (2), vasculitis (2) dermatitis arteficialis (1), Linear IgA bullous
dermatosis (1), lichen ruber planus (1), and ulcera crurum (1).

The variables of interest were triglyceridemia, LDL cholesterol, HDL
cholesterol, glycemia, blood pressure, and smoking habits. Lipid
parameters and blood pressure were evaluated according to cutoff values
recommended by the National Cholesterol Education Program’s Adult
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Figure 1: The diagnoses of the inpatients in the control group

Treatment Panel lll, or ongoing antilipidemic and/or antihypertensive
treatment according to the patient’s medical history. These cutoff values
were: 1.7 mmol/L for triglycerides, 3.3 mmol/L for LDL cholesterol, 1.0
mmol/L for HDL cholesterol, 140/90 mmHg for blood pressure. Glycemia
was evaluated using the cutoff value of 6.1 mmol/L, recommended by
the World Health Organization, or ongoing antidiabetic treatment [26].
Smoking habits were evaluated using two categories: patients who are
non-smokers, and patients who are currently smoking or have smoked in
the past. Glycemia and lipid parameters were measured using enzymatic
methods. Blood pressure was measured with a standard mercury
sphygmomanometer. RStudio was used to perform a Student’s t-test and
calculate the odds ratio with a 95% confidence interval.

Results

Among the 48 psoriatic patients, seven were aged between 29-39, 12
were aged between 40-49, 11 were aged between 50-59, 16 were aged
between 60-69, and two were aged between 70-80. Identical distributions
were present in the control group. In the psoriasis group, 14 patients
(29.17%) had hyperglycemia, compared to five (10.42%) in the control
group (p=0.021, OR 3.54, 95%Cl 1.16-10.81). Hypertriglyceridemia was
noted in 16 psoriatic patients (33.33%), and in five patients (10.42%) in the
control group (p=0.006, OR 4.30, 95%Cl 1.43-12.96). LDL cholesterol was
increased in 16 psoriatic patients (33.33%), compared to 6 (12.5%) control
patients, (p=0.015, OR 2.14, 95%Cl 0.50-9.12). The differences between the
psoriasis group and the control group were statistically insignificant for the
remaining parameters. Ten (20.83%) psoriatic inpatients had lowered HDL
cholesterol, compared to four (8.33%) control patients (p=0.084, OR 2.89,
95%Cl 0.84-9.98). In the psoriasis group, 19 patients (39.58%) reported to
have smoked or were current smokers, compared to 16 (33.33%) in the
control group (p=0.836, OR 1.31, 95%(Cl 0.57-3.02). Finally, 16 patients in

each group were found to have hypertension (p=1, OR 1.00, 95%Cl 0.43-
2.34) (Table 1).

Discussion

Despite the conflicting findings of the current body of research on
this topic, there is a complex pathophysiological explanation for the
quantitative and qualitative changes in the case of rheumatological
diseases, which may also be true for psoriasis. Proinflammatory cytokines
released during the course of these diseases change many aspects of
lipid metabolism, such as increased very-low-density lipoproteins and
triglyceride levels via increased hepatic fatty acid synthesis, decreased
hepatic fatty acid oxidation, and increased adipose tissue lipolysis. This
ultimately contributes to the increase of triglyceride content in LDL and
HDL particles, which subsequently leads to the formation of small dense
LDL particles. These particles are more atherogenic as a result of their high
susceptibility to oxidation, high affinity for intra-arterial proteoglycans, and
decreased clearance due to reduced affinity for LDL receptors. Additionally,
lipoprotein lipase activity is reduced, which further reduces the clearance
of LDL particles [4].

HDL particles are also subject to change in an inflammatory milieu, which
equates toreverse cholesterol transport being severelyimpacted asaresult.
Apolipoprotein A-1 (Apo A-1) clearance is increased due to decreased
synthesis and increased breakdown in the kidneys, which both lead to
a lower affinity of Apo A-1 for HDL particles. Serum amyloid A, an acute-
phase protein generated during inflammation, binds to HDL particles,
which lowers the affinity of Apo A-1 for its receptor, and increases the
clearance of HDL particles. Cholesterol ester transfer protein and lecithin-
cholesterol acyltransferase levels are decreased, which lead to decreased
cholesterol transport from HDL particles and decreased cholesterol ester
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formation, respectively. Certain phospholipid and cholesterol membrane
transport proteins, such as ATP-binding cassette transporter (ABC) A1,
ABCG1, and scavenger receptor B1, have reduced activity, contributing to
decreased hepatocyte uptake and decreased efflux from macrophages.
Finally, lipoprotein (a) is generated, which has a high atherogenic potential
[4]. This evidence of qualitative changes in lipoproteins suggests that
perceived normal lipid levels may not be enough to exclude abnormalities
in lipid metabolism.

The inflammatory pathogenesis of psoriasis suggests that, skin and joint
lesions aside, many more less visible metabolic effects may be present.
Psoriasis causes slight but clinically actionable alterations in certain
metabolic parameters, which are relevant in terms of cardiovascular
comorbidity.

This study could be improved by increasing the sample size to increase
the accuracy of the data and to narrow down the confidence intervals.
An important drawback represents its retrospective design. The data
gathered were only the parameters that are measured during a routine
examination. Additional useful parameters such as the Psoriasis Area and
Severity Index and highly sensitive quantification of C-reactive protein to
determine the extensiveness of the psoriatic lesions and the cardiovascular
risk, respectively, could be measured and tested more appropriately in a
case-control scenario.

Another aspect not covered in this study is disease progression. Our results
are only indicative of one point in time, and the history of disease progress
and treatment for each individual patient is unknown. Five of the previously
mentioned studies stated that their objective was to determine the
prevalence specifically of metabolic syndrome in psoriatic patients [15, 19,
21,23, 24, 27]. Four of them associated psoriasis with metabolic syndrome,
and one found no such link [15, 19, 21, 23, 24]. One of these previously
mentioned studies established a dose-response relationship between
the severity of psoriasis and the prevalence of metabolic syndrome, while
another disproved that [24, 27]. One meta-analysis, taking 12 studies
into account, also established a dose-response relationship [5]. These

diverse findings pertaining to the metabolic syndrome, combined with
the aforementioned diverse results on individual metabolic parameters,
indicate that many other factors, such as the age of onset, duration,
disease severity, and treatment, may play a role in terms of the order in
which metabolic changes appear, and in the way they evolve over time.

Conclusion

The inflammatory pathogenesis of psoriasis suggests that skin and joint
lesions aside, many more less visible metabolic effects may be present.
Psoriasis causes slight but clinically actionable alterations in certain
metabolic parameters, which are relevant in terms of cardiovascular
comorbidity.
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Table 1: Quantitative outcomes between the intervention group and the control group

Mean age 52,92
Sex (male/female) 27721
Smokers 19
T gly 14
t TAG 16
| HDL 10
+ LDL 16
1 BP 15

52,73 / /
27/21 / /
16 0,836 1.21 (0.57-3.02)

5 0,021 3.54 (1.16-10.81)
5 0,006 4.30 (1.43-12.96)
4 0,084 2.89 (0.84-9.98)
6 0,015 2.14 (0.50-9.12)
16 1 1.00 (0.43-2.34)

Legend: OR - odds ratio, Cl - confidence interval, tgly - hyperglycemia, tTAG - elevated triglycerides, { HDL - lowered HDL cholesterol, *LDL - elevated LDL

cholesterol, tBP - hypertension
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CORRECT ANSWERS TO THE EXAM QUESTIONS

Answer question 1:
B. Fungal infections

Administration of the antibodies will lead to immunosuppression. The
host’s immune response against fungal infections is mostly regulated
by neutrophilic granulocytes. These granulocytes are stimulated by the
secretion of IL-17 by Th17-cells. Viral infections, on the other hand, are
mediated by cytotoxic T-lymphocytes and natural killer cells.

During the exam, 87% of the participants answered this question correctly.

The exam questions can be found back on page 10 in this journal.

Answer question 2:
B. Primary EBV-infection

After the presentation of an antigen, the B-lymphocytes first produce
IgM, which forms the start of the immune response. During the ongoing
infection, IgG is formed through isotype switching, resulting in long-
term immunity.

During the exam, 60% of the participants answered this question correctly.
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With over 3,000 publications per year, scientific research is a cornerstone of the Radboud university medical center [1]. In this section,
recent high-impact papers with an impact factor higher than ten — published by researchers from the Radboudumc - will be discussed.
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Mutations in TLR7 are associated with severe acute respiratory
syndrome (SARS) in young male patients suffering from COVID-19
evere acute respiratory syndrome is a life-threatening
complication of the coronavirus disease 2019 (COVID-19) often
requiring mechanical ventilation at the intensive care unit.
When four males under 35 were admitted to the intensive care unit
at Radboud and Maastricht University medical center, attention of the
physician was caught, as the occurrence of this complication in young
patients is rare and suggests a possible genetic component. Therefore,
van der Made et al. analysed genetic variants in these four male
patients that originated from two different families. The researchers
performed whole-exome sequencing in the patients and compared
the results with a control group. In all of the patients, a mutation in
the X-chromosomal Toll-like receptor 7 (TLR7) gene was found, albeit
the mutations differed per family. In the first family, a four nucleotide
hemizygous deletion, meaning that only one copy of the chromosome
is present, was identified, leading to a total loss of function of TLR7 in
both patients. Noteworthy, a heterozygous form of the deletion was
observed in the mother. In the second family, a missense variant was
foundin TLR7.Furthermore, TLR7 mRNA expression in peripheral blood
mononuclear cells, derived from the patients, did not increase after
stimulation with imiquimod, an agonist of TLR7. As TLR7 is involved
in the generation of a type 1 interferon-y response, these mutations
will result in a diminished type 1 interferon-y response. In addition,
the fact that these mutations were detected on an X-chromosome
bound gene could explain the observation that SARS is more frequent
in male COVID-19 positive patients, as the male gender only has one
X-chromosome. However, it is important to note that the detected
hemizygous mutations are most likely quite rare. The question remains
what the clinical effect of a heterozygous (carrier) mutation consists
of, and if there are any genetic mutations associated with a mildly
severe development of COVID-19. This research paper was published
in the Journal of American Medical Association (impact factor 47.7) [2].

A phase I/lla trial with a malaria vaccine using genetically attenuated
Plasmodium berghei

oestenberg et al. published a phase I/Il clinical trial of a possible
Rcandidate vaccine against malariain Science Translation Medicine

(impact factor: 11.6). This is one of the first clinical trials using a
live, genetically engineered strain of Plasmodium berghei, which is a
malaria strain that causes malaria in rodents. A knock-out variation
of this strain was created, lacking two proteins that are crucial for the
development and growth of the sporozoites of Plasmodium berghei in
the liver. This clinical trial consisted of phase | stage (n=19), assessing
the safety of different dosages of the vaccination and a llA stage (n=48)
to establish the immunological effect and preliminary efficacy of the
different doses. In order to assess the safety, the volunteers of the
first group received three possible different doses of the vaccination
or a placebo, with a follow-up lasting 100 days. The volunteers in the
second group received the same varying dosages or placebo as the
first group, after which a controlled human malaria infection (CHMI)
was administered. The total follow-up in this group lasted 321 days.
No serious side-effects were found in either group. The volunteers
in the stage lla-group receiving the lowest dose of the vaccination
all developed parasitemia after CHMI. This pattern was seen as well
for the volunteer group receiving the higher dosages, in which the
majority also developed parasitemia. Nevertheless, 10% and 20%
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remained sterile, in the two groups receiving the highest dosages. All
of the immunised volunteers showed an increase in antibody titers
and an increase in interferon-y-producing CD4+ and CD8+ T-cells,
although only 35% and 32% of all volunteers were full responders
in the production of CD4+and CD8+ T-cells, respectively. This clinical
trial was one of the first to use a live genetically attenuated vaccine
and proved that this could be administered safely, although further
research is needed to truly establish and increase its efficacy [3].

Dolutegravir as a possible alternative to standard antiviral therapy
in the third trimester of pregnancy in HIV positive women

he antiviral medication efavirenzis the current first-line treatment
Tfor human immunodeficiency virus (HIV) infection, although

dolutegravir, an integrase inhibitor, has shown to lower the viral
load in a significantly shorter time than efavirenez. However, the safety
and efficacy of dolutegravir in pregnant, HIV-positive women, has not
been evaluated properly. Therefore, Kintu et al., part of an international
consutim of scientists, published their clinical trial evaluating the use
of dolutegravir as antiviral therapy in pregnancy in Lanclet HIV (impact
factor: 14.8). A total of 268 pregnant HIV-positive women from Uganda
and South-Africa, ranging from 29 to 34 weeks pregnant without
prior treatment with antiviral therapy, were recruited. The volunteers
received either dolutegravir or efavirenz, with a follow-up lasting until
zero to fourteen days postpartum. With a median exposure time of 28
days needed to decrease viral loads to less than 50 copies per mL (95%
confidence interval (Cl) 28-34 days), dolutegravir was more efficient
than efavirenz, which needed a median exposure time of 82 days to
lower viral loads under 50 copies per mL (95% Cl 55-97). The difference
was smaller when looking at median time needed to decrease viral
loads to less than 1000 copies per mL. The median exposure time
needed was seven days in the dolutegravir group (95% Cl 7-20) and
23 days in the efavirenz group (95% Cl 21-27). More adverse effects
occurred in the dolutegravir group in comparison to the efavirenz
group, as 22% of women receiving dolutegravir and 14% of women
receiving efavirenz developed at least one or more serious side-effect
(p<0.013). However, in three volunteers treated with dolutegravir, in
utero mother-to-child transmission of HIV occurred. Nonetheless, no
significant difference was observed when looking at drug-related
adverse effects. Therefore, in general, the medications were well
tolerated. This research has provided the first step towards a possible
new standard therapy for all patients with HIV, including HIV-positive
women in late pregnancy [4].
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prehensive field of immunology, brought to you by our editorial board, editors, and other enthusiastic (bio)medical students in-
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A new academic year has started, a new board has been seated, and a new edition has been published. Unfortunately, as much as
we wished for this academic year to truly be a new beginning, back to our pre-pandemic lives, COVID-19 still remains among us.
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to be flexible, persistent and creative. All qualities that are crucial for you, as a future scientist or doctor.

The creativity that many of you have shown in order to stay connected to one another is something that we, as RAMS, also highly
value this year. In addition to our journal, which connects us via our fascination for science, we are committed to bring you all to-
gether during our masterclasses, symposia and other new events of which you will hear soon. | hope to see you all there (virtually)!

On behalf of the board of RAMS,

Laura Hooijmaijers
Vice-chair of RAMS 2020-2021

General Board

RAMS is directed by the general board, which consists of four (bio)medical students. As members of the board they frequently meet
to make sure all activities run smoothly. Moreover, they are in close contact with the supervisory board and the editorial staff. If you
have any questions on general, promotional or financial subjects, please contact the general board of RAMS via voorzitter.rams@
ru.nl.

Editorial Board

The editorial board, which consists of three (bio)medical students, is responsible for the contents of the journal, from reviewing
the submitted papers to their rejection or publication. Furthermore, the editorial board is in charge of writing editorials and
determining the general layout. For questions concerning the content of the journal please contact the editorial staff via
hoofdredactie.rams@ru.nl. To submit papers, consult the ‘for authors’-section on our website or mail to submit.rams@ru.nl.

Reviewers

Reviewers have been trained with the help of masterclasses, given by professors and teachers at Radboudumc. With their knowledge,
the reviewers are able to judge the submitted scientific articles.

Privacy

RAMS conforms to the General Data Protection Regulation.
For our privacy policy see ramsresearch.nl/privacy-policy/
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Do you want your article in the upcoming edition?”
Send it to submit.rams@ru.nl or visit our

website:

ramsresearch.nl

*Only with your supervisor’s permission

Read our previous ed

The igital Diet s Social Networking Mentally Healthyornot
is:anit be a Melanoma in Disguise?
nce?Spilling the Beans aboutDitary Supplr

Lifestylein Prevention of Cardiovascular Disease: What i the Role of itrate

Radboudumc

of Medical Students

Post-orgasmic liness Syndrome in Men: A Short Insight
Gughta Fluin theTropics It might be Malara

Myth or Sience: I kipping Breakfast Good forYou?

Parkinson's Disease: A larer Road toa Relabl DiagnasticTest?

itions:

5 Radboud Annals of Medical Students

Myth or Science?The Importance of Sleep Quality

Heart Attack vs. Panic Attack: To Panic or not to Panic?

The Good Microbes: Improving Mental Health through the Microbiome?
ditors ChoiceofRecent Paers from Radboudume Researchers



http://ramsresearch.nl
https://www.facebook.com/ramsresearch
https://www.linkedin.com/in/radboud-annals-of-medical-students-rams-737535137/
https://www.instagram.com/rams_radboudannals/

