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Dear reader,

Thank you for picking up our 23rd edition. This is our biggest and last edition for this academic 
year, and as usual, we all have worked very hard to curate the most interesting topics in (bio)
medicine for you to read.

As summer approaches and you proceed to book your vacation, the looming threat of a new 
strain of coronavirus persists. Did you ever wonder why only some people get away with 
mild symptoms of COVID-19? and why some people are long haulers? The answers to these 
questions will be addressed in this edition. Talking about pandemics, find out about a mysterious 
neurological disease that claimed thousands of lives and raged on alongside the Spanish flu, and 
is speculated to have even affected Adolf Hitler.

What would you do with your life if you found out you could live forever? Have you ever 
wondered if reversing ageing is possible, and whether scientists have tried to do this? Read to find 
out! Peruse our “Zebras of Science’’ article to learn about the similarities and differences between 
ADHD and ASD in adults, and sadly, about existing gender based biases in diagnosing them. If 
you are interested in gene editing, flip over to our article about integrating iPSC and base editing 
technologies. One of our editors collaborated with an editor of the “Utrecht Student Journal” 
and they have written about the history and possibly exciting future of organ transplantation, 
a medical procedure that saves many lives each year. This edition also has an interesting article 
written by three students about the modulation of Parkinson’s tremor.  

Finally, as we wrap up this academic year before summer break, if you are disappointed with your 
academic performance this term because you think you are not smart enough, I have some good 
news for you. Read our “Myth or Science” article about whether being the smartest kid in class 
really determines your chances of success. Spoiler alert, it doesn’t!

I will conclude by quoting one of my favourite authors Dr. Suess, “The more you read, the more 
things you will know. The more that you learn, the more places you’ll go.” I hope you enjoy reading 
our articles and never stop being curious. 

Happy Reading!

On behalf of the eighth board of RAMS,

Harshitha Ramu

Scientific Editor-in-Chief of the VIIIth Editorial Board

FROM THE EDITORIAL BOARD

www.ramsresearch.nl
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AN INVESTIGATION INTO THE FORGOTTEN MYSTERY 
OF ENCEPHALITIS LETHARGICA

Minke Holwerda1

 Insight

Imagine being so tired that all you want to do is sleep. That must not be hard; you probably experience this every Monday morning, when your 
alarm clock yanks you out from your dreams to the real world. However, where you would normally be able to drag yourself out of bed with 
the promise of a good cup of coffee, now nothing on earth can motivate you to wake up. Imagine losing control over the muscles of your face 
and limbs, not being able to express your emotions or to move your rigid limbs into any other position. Imagine recovering, but developing 
Parkinson’s disease, psychiatric disorders and a range of other neurological symptoms soon after. This is what happened to a large number of 
people shortly after World War I. Where did this disease come from, what caused it and where did it go? We still do not know. 

Introduction

The beginning of the 20th century was shaped by World War I and 
the subsequent outbreak of one of the deadliest pandemics 
in human history. In 1918 ‘the Spanish flu’ caused by an 

influenza virus swept over the world, killing an estimated 50 million 
people [1-3]. Little-known is that simultaneously, another pandemic 
arose, moving silently in the tracks of the infamous 1918 influenza 
pandemic. This disease was named encephalitis lethargica (EL), a 
condition manifesting in a bizarre and never seen before array of 
neurological symptoms [4]. Intriguingly, it disappeared as suddenly 
as it emerged, and to the present day, we still do not know what 
caused it. As research endeavours are currently focussed elsewhere, 
I would like to ask you, readers of RAMS, to be my fellow medical 
detectives. This editorial article will present you with facts and fiction 
surrounding one of the greatest medical mysteries in history. 

The first clue: the discovery
Encephalitis lethargica (EL) was first reported around 1917 by the 
Viennese neuropsychiatrist Baron Constantin von Economo [5]. 
Whilst working in a psychiatric clinic in Vienna, Austria, von Economo 
encountered patients admitted under a variety of diagnoses, such as 
meningitis and delirium, with a common set of peculiar symptoms [4, 
5]. Most striking was that many patients experienced severe lethargy; 
some would fall asleep and never wake up, which earned this disease 
the fitting name of  ‘sleeping sickness’ [4, 6]. Von Economo suspected 
these patients suffered from the same, unknown condition due to 
encephalitis. 

Encephalitis is an inflammation of the brain, often caused by a viral 
infection such as herpes simplex, though it can also be a result of 
autoimmune causes, bacterial meningitis, tuberculosis, vasculitis, 
hypoglycaemia, and brain tumours [7]. Which of these is responsible 
for Von Economo’s encephalitis is unknown, but maybe its clinical 
presentation will unmask its causative agent. Let us take a look.

Acute encephalitis lethargica
EL can be distinguished into an acute and a chronic phase. Patients 
could have virtually any neurological symptom in the acute stage, 
so to bring some order into this chaotic constellation of symptoms, 
Von Economo differentiated three forms of EL: the somnolent-

ophthalmoplegic form, the hyperkinetic form, and the amyostatic-
akinetic form [4, 8].

The somnolent-ophthalmoplegic form of EL was often preceded 
by an influenza-like prodrome. Neurological symptoms soon 
followed and patients became somnolent [4, 8]. One description 
by Haynes (1921) captures EL’s typical somnolence as ‘…lethargic, 
lying with her eyes closed, but easily roused, answering questions 
briskly and intelligently, and then relapsing into slumber’ [9]. Another 
very characteristic symptom was paralysis of the eye muscles [4, 8]. 
Patients also often experienced weakness of the limbs and presented 
with a ‘mask-like’ face. The mortality of this type of EL is high, with 
50% of those affected dying [4, 8]. 

The hyperkinetic form presented itself with quite contrasting 
symptoms. In this type of EL, the most dominant symptom was 
restlessness, which presented in motor disturbances such as 
twitching of the muscles and an anxious mental state [4, 8]. These 
were patients who were insomniac or whose day-night rhythm 
completely reversed [4, 8]. They also experienced general weakness, 
fatigue, disturbances in the muscles of the eyes, nerve pain, and 
hallucinations [4, 8]. Mortality is estimated somewhat lower than in 
the somnolent form at 40% [4, 8].

The final and least common type of EL was the amyostatic-akinetic 
form, of which the most characteristic symptom was rigidity. Patients 
would often be immobile and rigid for a length of time, but in truth, 
could easily move when external force was applied. These patients 
also suffered from reversed day-night rhythm and disturbances of 
the eye muscles [5, 6]. 

Chronic encephalitis lethargica
Those who survived the acute form of EL often had lasting chronic 
neurological consequences that would generally develop one to five 
years later. It was originally thought that one-third of the patients 
suffered from severe neurological consequences, but it is now 
estimated that 80% of patients eventually developed Parkinsonism 
[10, 11]. Other symptoms included sleep disruptions, abnormalities 
of the eye muscles, speech and respiratory system, and involuntary 
movements [5, 6]. Furthermore, chronic EL also resulted in psychiatric 

1Master’s student Biomedical Science, Radboud university medical center, Nijmegen, the Netherlands
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disorders and mental changes, including mood changes, euphoria, 
increased sexual drive, hallucinations, and excessive joviality [11]. 

One of the most infamous people speculated to have fallen victim to 
EL is Adolf Hitler [12, 13]. Hitler was first reported to have symptoms 
of Parkinson’s disease somewhere around 1941, which some surmise 
to be the result of EL. Hitler appeared to have had oculogyric crises, 
palilalia (repetition of words and phrases) and a slight form of day-
night reversal [12, 13]. However, this cannot be confirmed, as most 
evidence of any illness was probably carefully hidden by those 
not wanting to provide ammunition to people questioning Hitler’s 
leadership abilities [12, 13]. 

Encephalitis lethargica in children
Horribly, EL seemed to have a much more pronounced effect 
on children than adults. Children underwent bizarre negative 
personality changes; theft, vandalism, impulsiveness, self-mutilation, 
sexual precocity and cruelty were all commonly seen behaviours [6]. 
As a result, many children would be arrested or placed in institutions 
[6]. One particularly horrifying example is that of an eight-year-old 
girl who had pulled out all her teeth and clawed out her own eyes 
[8]. Captured on scans of yellowed pages, Dorothy Kern Hallowell 
describes another case in 1925: 
‘…the parents, after Victor had attempted to stab several members of his 
family with a carving knife, were terrified as to what mood would next 
be given vent to. The little boy would run up to strange girls on the street, 
throw his arms around them and try to kiss them. On one occasion he 
attempted intercourse. Another abnormal display of this precocity was 
sexual misuse of a cat which resulted in the animal’s death’. One of the 
mothers of an EL victim summarises this aptly as: ‘just deviltry’ [14]. 

Treatment
Throughout the epidemic period, there was no effective treatment 
for either the acute or chronic form of EL, and many sufferers 
disappeared behind the doors of institutions and mental wards [11]. 
A glimmer of hope appeared on the horizon in the late 60s when 
Oliver Sacks, a medical doctor working at a hospital in New York, 
started treating his frozen patients with levodopa, currently used to 
treat Parkinson’s disease [11, 15]. When administering this drug to 
his patients, they seemed to come alive again. Unfortunately, this 
glimmer was extinguished when it became clear the effects were not 
permanent [11, 15].

In the footsteps of encephalitis lethargica 
As the clinical presentation alone makes us none the wiser, we should 
also look into EL’s epidemiology and transmission. The picture of the 
epidemiology of EL can only be painted in broad strokes, as specific 
detailed information is missing. After its discovery in Vienna, the 
disease swept through most of Europe and crossed the ocean to 
North America, after which it spread to Canada, Central America, and 
India [11]. It became an epidemic in concurrence with the influenza 
pandemic [16]. It is generally believed approximately one million 
people were affected worldwide, and half a million people died 
before the acute form disappeared again around 1927 [5, 16, 17]. 
An estimated 50% of cases occurred in people aged 10-30, and it 
presented equally in men and women [8]. 

Transmission of EL also remains unclear. Some reports from the time 
argue that the causative agent was contagious, the most striking 
example being that of a girls’ school where 12 of 21 girls were 
affected, and six of them died within two weeks [18]. In another 
school in Warwickshire in 1922, a teacher noticed children were 
constantly falling asleep during classes. This turned out not to result 

from sleep-inducing lessons, but instead, they were diagnosed with 
EL [19].  However, these outbreaks seemed to be rare and in many 
other cases, only one member of the family was affected despite 
living in close proximity, which led to the general assumption that EL 
was not contagious [8]. 

Interestingly, it appears EL was not an entirely unknown entity when 
Von Economo discovered it in 1917. Medical historians managed to 
dig up examples of outbreaks similar to that of EL: ‘schlafkrankheit’ in 
the whole of Europe in 1580; ‘febris comatosa’ in London, between 
1673-1675; ‘sleeping sickness’ in Tübingen, Germany in 1712; ‘nona’ in 
Italy between 1889-1890 [4, 20]. Some of these outbreaks were even 
associated with concurrent influenza epidemics [11]. Whether these 
outbreaks were actually EL or something similar is undetermined 
[21]. 

The answer to EL’s aetiology
Many researchers have speculated on the causative agent of this 
disease. One of the most popular and simultaneously most widely 
disputed theories is that the 1918 influenza virus had something 
to do with EL. The appearance of both diseases and disappearance 
around the same time led many to believe this could not be 
coincidental. Furthermore, some influenza strains can be neurotropic 
[4]. Neural damage could be caused by influenza hiding in neurons 
whilst evading the immune system. This would also explain the delay 
between acute influenza and the onset of EL, as there would be no 
symptoms until extensive damage was done [22]. 

However, there are a number of arguments against this hypothesis. 
Symptoms resulting from encephalitis caused by influenza clearly 
differ from the symptoms associated with EL, and until now no 
influenza virus has been recovered from the brain of an EL victim 
[4, 22]. In addition, cases of EL already occurred before the influenza 
pandemic and peaks of influenza did not seem to precede peaks of 
EL [4, 20]. For example, one large influenza outbreak with 6000 cases 
in a military camp in New Jersey did not lead to any EL cases [18]. 
Percentages vary, but according to one review, only 8% of cases were 
associated with influenza [23]. 

On the other hand, as it is exceedingly difficult to diagnose influenza, 
it is also possible that many of the EL patients simply did not know 
they had had influenza [22]. But then again, the 1918 influenza strain 
had to have caused quite severe, and therefore hard to miss, disease 
to be able to cause the type of damage seen in EL [22]. As you can 
see, both sides have their strong and weak points. This connection 
between influenza and EL could possibly also be explained by 
influenza being a predisposing factor for EL [8].  

More modern research has proposed that EL could be caused by 
a post-infection autoimmune disorder, implying that antibodies 
produced by the body to fight infection suddenly turn against the 
brain and cause damage [24]. Following this theory, infection with 
influenza could have caused an autoimmune response leading to 
antibodies causing EL, but this is difficult to prove [22]. 
In 2004, one study suggested streptococcal infection might lead to 
the production of anti-basal ganglia antibodies, causing symptoms 
similar to EL, but others questioned this. For instance, a substantial 
number of patients in that study did not experience a previous 
streptococcal infection [25, 26]. Despite this, the autoimmune 
theory does have its merits. For example, the same researchers 
later noted the similarities between EL and encephalitis caused 
by antibodies against NMDA receptors. So while we might not 
know the exact mechanism behind autoimmunity and EL, it is 
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not unlikely. Furthermore, this hypothesis might also explain the 
increased incidence of narcolepsy that was seen after the 2009/2010 
H1N1 influenza pandemic. According to an article published in The 
Lancet in 2014, infection with H1N1 or vaccination could trigger a 
type of autoimmune narcolepsy [27]. 

A plethora of other viruses, bacteria, protozoa, toxins and chemical 
agents have been researched to determine their plausibility as 
the causative agent of EL. For example, a study from 2012 found 
evidence for an enterovirus – such as poliovirus – to be the cause of 
EL. Yet, enteroviruses are not known to cause EL-like symptoms, and 
most of them tend to cause childhood diseases [4, 28]. Arboviruses, 
viruses carried by insects, are also known to cause epidemics of 
encephalitis, such as Japanese encephalitis. Nevertheless, these 
mostly occur in summer and autumn, whereas EL seems to peak in 
winter [4]. A comprehensive review from 1998 concludes there are 
no known viruses that cause encephalitis fitting all EL symptoms [29]. 
Attempts to culture bacteria from EL cases left researchers empty-
handed, nor are any environmental causes or medical treatments 
likely candidates [4]. As known agents can mostly be ruled out as the 
cause of EL, some researchers argue that it must have been caused 
by an unknown agent, circulating through the population and dying 
out when most people built up immunity [4]. 

A final, yet anticlimactic theory is that EL was not an actual disease 
entity, but just a diagnosis given to anyone with symptoms remotely 
similar to those ascribed to EL, although it seems quite farfetched 
to attribute all chronic sequelae of EL to some form of mass hysteria 
[21].

Conclusion
All potential causes treated and my mental stash of synonyms for 
‘unknown’ exhausted, we have arrived at our final conclusion. Over a 
hundred years after its first appearance, EL’s causative agent remains 
frustratingly elusive, and it is unfortunately likely that this mystery 
will not be solved anytime soon. Modern cases still sporadically 
occur, but this is rare, and existing specimens from the beginning of 
the 20th century are scarce, limiting the potential for research [8, 25, 
30]. Thus, we are left in the dark as to whether EL is gone forever, or 
will reappear somewhere in the future. An uncertainty that could, 
similar to EL, cause many a sleepless night…
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TURNING BACK TIME: 
IS IT POSSIBLE TO REVERSE AGEING?

Alisha Shah1

 Abstract

Ageing is a biological process that results in physiological and cognitive decline of an individual. During ageing, the risk for certain diseases 
such as neurodegenerative disorders, cancer, and cardiovascular diseases increases, thereby impacting the quality of life. Ageing is a natural 
phenomenon characterised by time-dependent accumulation of cellular damage, which leads to cellular dysfunction. Scientists have proposed 
nine hallmarks which signify that a cell is ageing: genomic instability, telomere attrition, epigenetic alteration, loss of proteostasis, deregulated 
nutrient sensing, mitochondrial dysfunction, cellular senescence, stem cell exhaustion, and altered intercellular communication. Scientists have 
recently attempted to slow or reverse ageing and further understand potential underlying molecular pathways. Administration of nicotinamide 
mononucleotide, partial reprogramming of cells, and parabiosis are a few of the experimental methods that are being attempted to increase the 
lifespan of various model organisms. However, poor translation of findings within animal research to the human situation, the potential conflict 
of financial interests in anti-ageing supplements, the dearth of funding to develop therapies, and a lack of regulation of new research findings 
by governing bodies are posing limitations to the implementation of research in this field. 

Introduction

Ageing is a natural, biological process that occurs over the 
lifetime of an individual. It leads to functional and cognitive 
decline, which in turn results in decreased quality of life, 

and inevitably, death [1]. It is a complex phenomenon in which 
a myriad of molecular and cellular changes occur [1]. Currently, 
there are 900 million people worldwide that are aged 60 and 
above. By 2050, the proportion of people aged 60 and older 
would compose 22% of the global population [2]. The consistent 
rise in the elderly section of the population can be attributed to 
improved healthcare as well as a decline in fertility rate. However, 
as we age, the risk factors for certain age-related diseases such as 
neurodegenerative disorders, cardiovascular diseases, diabetes, and 
cancers also increase [3]. To improve the quality of life of the elderly, 
and for the prevention or early diagnosis of age-related diseases, it is 
vital not only to understand the underlying molecular mechanisms 
that are responsible for damage accumulation during ageing, but 
also to take into account the genetic and environmental modulators 
that affect these molecular mechanisms, and if they can be targeted. 
These topics are in line with a most controversial question that 
has persisted throughout centuries, being: Is it possible to reverse 
ageing? 

Causes and Hallmarks of Ageing
Ageing is generally known to be caused by the accumulation of 
cellular damage over time which leads to a loss in cell function 
and eventually loss of organ and organism fitness [4]. Similar to 
Weinberg’s hallmarks of cancer, there are certain signs that cells 
display when they start to age. In 2013, Lopez et al. proposed nine 
hallmarks of ageing [5], which can be divided into three categories; 
primary hallmarks: mechanisms that cause cellular damage - 
genomic instability, telomere attrition, epigenetic alteration, and 
loss of proteostasis; antagonistic hallmarks: processes that occur 
in response to cellular damage - deregulated nutrient sensing, 
mitochondrial dysfunction, and cellular senescence; integrative 
hallmarks: processes that eventually lead to a reduction in organ 

fitness - stem cell exhaustion and altered intercellular communication 
[6] (Figure 1). These hallmarks ultimately result in the clinical 
phenotype of ageing, and age-related diseases. Their involvement in 
the ageing process is briefly described below: 

1. Genomic instability: DNA damage and mutations are caused by 
multiple exogenous threats like chemical and biological agents 
and endogenous factors such as errors during DNA replication 
and oxidative stress. These mutations compromise signalling 
pathways essential to the functioning of cells, which disrupts 
homeostasis. In addition, mitochondrial DNA (mtDNA) and its 
dysfunction may also play a role in age-associated diseases [5]. 

2. Telomere attrition: DNA polymerases that are involved in the 
replication of DNA cannot completely replicate the terminal 
ends of the DNA. This can only be achieved by an enzyme 
called telomerase. However, telomerase is not expressed by 
most vertebrate cells, and hence during every cell division the 
telomeres become shorter [4]. Over time, there is a cumulative 
loss of telomeres from chromosome ends. Telomere shortening 
has been observed during normal ageing patterns in mice and 
humans and short telomeres lead to a decreased lifespan in 
mice [5]. 

3. Epigenetic alterations: epigenetic marks such as DNA 
methylation patterns, chromatin remodelling and histone 
modifications signify the age of the cell. Alterations in any of 
these marks are associated with normal ageing as well as with 
age-associated diseases [7]. 

4. Loss of proteostasis: protein homeostasis or ‘proteostasis’ is a 
complex process that involves the regulation of proteins within 
the cell: from its synthesis to degradation to maintaining the 
healthy functioning of the cell [4]. With ageing, proteostasis 
is compromised, which is seen by enhanced misfolding and 
accumulation of damaged proteins, causing age-associated 
diseases such as Alzheimer’s and Parkinson’s disease [7]. 

5. Deregulated nutrient sensing: nutrient sensing systems such 
as mTOR, AMP-activated kinase, insulin, and insulin-like growth 

1Master’s student Biomedical Sciences, Radboud university medical center, Nijmegen, the Netherlands
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factor 1 also regulate ageing [7]. For instance, AMPK activates 
catabolic pathways like β-oxidation of fatty acids and improves 
insulin sensitivity by suppressing anabolic pathways like 
cholesterol and fatty acid biosynthesis [7]. Anabolic processes 
and mutations in nutrient sensing systems lead to accelerated 
ageing while calorie restriction extends lifespan in murine 
models by altering these pathways [3]. 

6. Mitochondrial dysfunction: dysfunctional mitochondria can not 
only lead to an increase in reactive oxygen species (ROS), but 
also disrupt cellular signalling and inter-organellar cross talk. 
This can contribute to ageing. As cells age, ROS levels increase, 
electron leakage increases, and ATP generation is reduced, 
which further disrupts cellular homeostasis [4].

7. Cellular senescence: this is a physiological state of proliferative 
arrest which cells enter upon exposure to stress, DNA damage, 
telomere shortening, etc. [8]. It is also related to tissue ageing 
and many of its features correlate to the other hallmarks of 
ageing such as epigenetic modifications and metabolic changes 
[8]. 

8. Stem cell exhaustion: the decline in cell and tissue renewal 
is a characteristic of ageing. With an increase in cell cycle 
inhibitory proteins, oxidative stress, DNA damage and telomere 
shortening, multiple factors drive stem cell depletion [4]. 

9. Altered intercellular communication: senescent cells express 
a secretory phenotype, the so-called senescence-associated 
secretory phenotype (SASP). This phenotype promotes low 
level chronic inflammation by dispersal of pro-senescent 
signals to nearby tissues and extracellular matrix [3]. The pro-
senescent signals lead to an induction of interleukins and other 
inflammatory molecules that enable a senescence messaging 
system and thereby harm the tissues’ cells especially at older 
ages. The progressive accumulation of tissue damage results in 
organismal ageing wherein one tissue accelerates the ageing of 
other tissues through gap junctions and ROS signalling [3]. 

An approach to measure biological ageing was developed by Steve 
Horvath, a biomathematician who invented the epigenetic clock 
or ‘Horvath’s Clock’ [9]. Chemical modifications to the genome 
such as methyl groups on DNA change during the course of a 
person’s life and can be used to track humans’ biological age: the 
age of an individual based on certain biomarkers and physiological 
parameters [10]. Horvath developed an algorithm which works on 
the methylation status of a specific set of positions on DNA [9]. The 
epigenetic clock’s median deviation was 3.6 years, meaning that from 
a broad range of tissues, it can estimate the chronological age of half 
the donors with a range of 3.6 years [9]. The clock may therefore be 
used to detect age-related changes and diseases early and may even 
be seen as mortality predictors. 

Recent insights: can ageing actually be 
reversed? 
The question if ageing can actually be reversed has plagued people 
and scientists for decades. As the elderly population of society 
increases, so does the average individual risk for chronic diseases [1]. 
With more research being done into the molecular mechanisms of 
ageing, in parallel, longevity research and interventions to improve 
health-span have emerged as well. 

Calorie restriction
Dietary interventions such as calorie restriction without 
malnourishment can establish an increase in lifespan and slow the 
ageing process [11]. A study performed in rats whose food intake was 
restricted showed an extension of the median and maximum lifespan 
and delayed the onset of chronic diseases [11]. In human studies, 
calorie restriction was shown to protect against development of 
cardiovascular disease, hypertension, obesity, and cancer, as it may 
directly or indirectly target pathways responsible for cell growth, 
mitochondrial function, and autophagy. However, the effect of 
calorie restriction on lifespan is not known yet. 

There are also drugs that partially mimic the effect of calorie 
restriction by activating or repressing the pathways involved. For 
example, rapamycin, an immunosuppressant at high doses but 
immunostimulatory at low doses, is an antagonist of the mTOR 
signalling pathway that is responsible for nutrient sensing, protein 
translation, autophagy and ultimately leads to a lifespan extending 
effect in mice [11]. When mTOR signalling is reduced, a lifespan 
extension effect is observed. 

Administration of NAD+-boosting molecules
In recent years, David Sinclair, a molecular biologist from Harvard 
Medical School studying ageing, is controversial since he consumes 
nicotinamide mononucleotide (NMN), a precursor of NAD+, to slow 
or even reverse ageing [12]. NAD+, an abundant metabolite in the 
body, plays a role in cellular metabolism, cell survival and stress, and 
genomic stability [13]. NAD+ levels decline with age and is related 
to age-associated physiological dysfunction [14]. Hence, increasing 
NAD+ production through precursors such as NMN and nicotinamide 
riboside (NR) is hypothesised to reduce age-associated decline [15]. 
This hypothesis was found to be true for various species. Increased 
NAD+ production in yeast, worms and flies led to prolongation of 
their lifespan. Similarly, mice administered with NMN during 12 
months showed an improvement in insulin sensitivity, plasma lipid 
profile, eye function, bone density and age-associated body weight 
gain [15]. 

Sinclair’s group administered NMN in 20-month-old mice (human 
equivalent ~70 years) and observed higher blood flow to muscles 

Figure 1: The hallmarks of ageing. This illustration displays the various hallmarks 
of ageing signifying a basic set of mechanisms to help understand the process of 
ageing. The illustration is inspired by a previously published figure [6].
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compared to mice not given NMN. Moreover, they saw a restoration 
of the normal blood capillary density in NMN-administered mice, 
which is also observed in younger mice[15]. In addition, the NMN 
treated mice were able to run 430m compared to the 230m run by 
the untreated mice, hence displaying an increased exercise capacity 
[15].

In human trials, NR has shown to increase NAD+ levels and is 
considered to be safe in short term [16, 17]. NR supplementation also 
improved symptoms of participants with ALS such as pulmonary 
function, muscular strength and slowed its progression [18]. However, 
administration of NR did not seem to improve glucose and insulin 
sensitivity [19, 20]. Clinical trials regarding NMN are in the initial 
stages and multiple studies testing its bioavailability, dosage, safety 
and efficacy are currently underway [21]. In 2021, a clinical trial in 
which prediabetic women who were overweight were administered 
250mg/day of NMN for 10 weeks showed an increase in insulin 
sensitivity and insulin signalling in muscles as well as upregulated 
the expression of certain factors responsible for muscle remodelling 
[22]. 

Another interesting protein within this context is Sirtuin1 or 
SIRT1. SIRT1 belongs to a family of NAD dependent deacetylases. 
Sirtuins have multiple roles, including tissue regeneration, cell 
survival, protection from DNA damage and oxidative stress, 
cellular metabolism, and neuronal signalling [23]. Sirtuins are also 
responsible for maintaining genomic and epigenomic stability and 
control of gene expression [24]. For instance, SIRT6 is associated 
with chromatin and is involved in the transcriptional regulation 
of metabolic and DNA repair pathways by maintaining various 
genetic elements such as centromeres, transposable elements, 
and telomeres [24]. Overexpression of SIRT6 promoted healthspan 
and extended lifespan of mammals by improving the metabolic 
ability of the liver, promoting the generation of new neurons, 
and preventing endothelial cell dysfunction. In male mice where 
SIRT6 was overexpressed, a 27% increase in median lifespan was 
observed compared to the littermates [25]. Moreover, with age, 
blood capillaries die, which gradually reduces blood flow to muscles 
and organs, and eventually leads to cardiovascular and neurological 
disorders. Reduced blood flow also causes muscle weakness. Since 
NAD and SIRT1 levels decline with age, SIRT1 levels reduce in 
endothelial cells, and reduced SIRT1 signalling prevents capillary 
regeneration in muscle tissue. Furthermore, mice with endothelial 
cells deficient in SIRT1 showed a decreased number of capillaries and 
a diminished ability to form new blood vessels [26].

Partial Reprogramming
In 2006, a set of transcription factors known as the Yamanka factors 
were discovered. These factors Oct4, Sox2, Klf4, and C-Myc allowed 
the ‘reprogramming’ of somatic cells to stem cells [27, 28]. The 
transformed cells, also called induced pluripotent stem cells (iPSCs), 
have found multiple applications in therapy. A study performed in 
2020 used three of the Yamanaka factors, Oct-4, Sox2 and KL4 (OSK) 
to partially reprogram retinal ganglion cells of mice suffering from 
age or injury-induced blindness into a functional state [29]. Retinal 
ganglion cells form the optic nerve, and if damaged, can regenerate 
axons only during the neonatal and embryonal stage. In the study, 
there was a restoration of axon density and half of the visual acuity in 
mice suffering from glaucoma compared to mice not suffering from 
glaucoma [29]. On a similar note, 12-month-old mice with injury-
induced blindness, showed axon regeneration and retinal ganglion 
cell survival similar to the observation in 1-month and 3-month-old 
mice within this study [29]. 

Another study in 2022 developed a method called ‘maturation phase 
transient reprogramming or MPTR which refers to reprogramming 
of cells by induction of Yamanaka factors until their epigenome is 
rejuvenated, which is then followed by the removal of the factors 
and allowing regular cell growth and proliferation [30]. In this study, 
fibroblasts of 50-year-old donors were exposed to Yamanaka factors 
for 13 days. During this period, the age-related changes are removed 
and the cells temporarily lose their identity and then reacquire it [30]. 
These partially reprogrammed cells are then allowed to proliferate 
under normal conditions. Genome analysis in the study showed 
rejuvenation of the epigenome and transcriptome of the cells by 30 
years. In addition, the cells produced higher levels of collagen and 
had partially regained their migration speed; attributes characteristic 
of young fibroblasts [30]. 

Parabiosis and blood transfusions
Parabiosis is a procedure wherein old mice and young mice are 
sutured together so that they share a circulatory system. This method 
was usually used to study the effect of conjoined twins on each other 
[31]. However, a study first in 2005 exhibited the rejuvenating effect 
of parabiosis in old mice [32], and in 2014, another study showed 
that giving young blood to old mice stimulated the growth of brain 
stem cells and new neurons in the hippocampus as well as improved 
cognitive function [33]. Parabiosis allows the identification of a study 
of rejuvenating factors in blood and hence to further investigate 
the underlying factors responsible for this effect, scientists found an 
enzyme Tet2, that alters genetic expression by chemically tagging 
genes with a hydroxymethyl group [34]. Tet2 levels increased in 
mice that had undergone parabiosis and decreased with age in the 
hippocampi of mice. The blocking of Tet2 activity in young adult 
mice reduced neuronal growth and worsened memory and its 
overexpression led to an improvement in learning and memory [31, 
34]. By identifying such molecular factors widens the possibility to 
target age-specific diseases such as Alzheimer’s disease and macular 
degeneration. 

Limitations 
One of the most common issues with studies being done in ageing, is 
the use of animal models and the poor translation of animal research 
to humans, owing to differences in physiology. This is a major 
limitation hindering the feasibility of many anti-ageing therapies [3]. 
Even though preclinical studies show promising results for health 
and lifespan boosting interventions, data on the efficacy in humans 
is lacking.

With the increased interest in longevity- boosting molecules, there 
are several companies developing longevity pills and compounds 
[35]. Multiple NAD+ boosting supplements are readily available in the 
market with claims of slowing ageing and boosting health, however, 
the current studies completed have mostly been short term and long 
term studies have not been performed yet; hence the clinical proof 
to substantiate these claims is either unknown or not yet published 
[12, 36]. The issue also lies in the fact that such nutraceuticals 
undergo fewer regulations and hence their safety and efficacy can 
be compromised [36]. In addition, ageing is not considered a disease 
and hence biotechnological and pharmaceutical companies are 
hesitant to fund clinical studies. These supplements are also sold 
as food products and not as therapy, thereby the lack of safety 
standards and regulations [21].

An example of how ‘anti-ageing’ has over time acquired a bad 
reputation in society is the case of Ambrosia, a company which in 
2017 began selling plasma transfusions for $8000/litre in an attempt 
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to counter ageing and to rejuvenate the body [31, 37]. At present, 
there is a lack of substantial clinical proof for such procedures which 
can be harmful and even lethal. Plasma transfusions can overwhelm 
the circulatory system and present a high risk for allergic reactions, 
infections, cardiovascular and respiratory distress [38]. 

On a similar note, multiple limitations exist for the technique of 
partial reprogramming which is still being developed. How partially 
reprogrammed cells behave in the body is unknown [30]. Completely 
reprogrammed cells become cancerous when implanted in the body 
and this risk remains for the partially reprogrammed cells as well. 
Moreover, some of the questions that still need to be explored are if 
these cells retain their ‘youth’ once inside the body and whether the 
rejuvenation is age- dependent [39]. 

In conclusion, further research is needed on the long-term effects 
of these therapeutic interventions to understand how they affect 
the inter-related pathways involved in ageing and their systemic 
consequences. Moreover, epigenetic clocks can be used to pre-
emptively test the effects of the various anti-ageing interventions 
to determine their efficacy at a molecular level. In an age of ever 
advancing scientific discoveries, perhaps future generations will 
uncover how to put a stopper in death, and perhaps this will lead to 
a new utopia, or rather, dystopia?
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EXAM QUESTION

The answer to these questions can be found on page 32 in this journal.

Question 1
In the HPV test for cervical cancer, about 4% of the tests are false 
positives. What is the consequence of this 4% of false positive tests?

A. 4% of the colposcopies performed are unnecessary.
B. 96% of women tested have cervical cancer.
C. 96% of women tested are infected with HPV.

(Topic from Q3 MGZ Epidemiology, 2021)

Question 2
After an intensive afternoon of sports, a student has lost a lot of fluid 
due to sweating. He did not drink enough during and after exercise. 
His blood will be examined and the concentration of electrolytes will 
be looked at. What is the student most likely to have? The student 
has a…

A. hyperkalemia.
B. hypokalemia.
C. normokalemia.

(Topic from Q3 MGZ Epidemiology, 2021)
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THE ROAD TO ORGAN TRANSPLANTATION -
THE HISTORICAL AND FUTURE ASPECTS 

Yannicke Sloots1

 Insight

The idea of transplantation has been around for a long time and is described in the mythology of civilisations from all over the world [1]. 
These legends describe organ transplantations performed by healers and gods. Nowadays, organ transplantation procedures are a reality, and 
surgeons can save lives of patients with incurable diseases. However, the road towards modern transplantation has been a difficult one and is 
marked by various important discoveries. Among these are surgical techniques to connect vessels, and the discovery of the immune system 
and its involvement in rejection of donor organs. Moreover, the introduction of immunosuppressant drugs had a major impact on the field 
of transplantation. This article will introduce you to the researchers, surgeons, and their findings that paved the way for modern-day organ 
transplantation. 

A leg transplant myth 

The journey along the landmarks of transplantation starts as 
early as the third century. The painting ‘The miracle of the 
Black Leg’ depicts two saint physicians, Cosmas and Damien, 

transplanting a cancerous leg with a healthy one (Figure 1). The 
story tells us that the man dreamed that Cosmas and Damien 
came, amputated his leg, and replaced it with one from a deceased 
Ethiopian man from the graveyard [2]. This was the first time a limb 
transplantation was mentioned in written literature [1]. 

First steps  
The first documentation of transplantation comes from the sixteenth 
century. The Italian surgeon Gaspare Tagliacozzi performed 
skin transplantations to replace missing noses and wrote about 
these procedures in his book [3]. The first major discovery in skin 
transplantation came from Jacques-Louis Reverdin in 1869. He 
showed that small, thin grafts of the epidermis could heal [3]. This 
technique of skin grafting was used in World War I to treat burns [1]. 
The first organ transplantation occurred in 1883 and was performed 
by surgeon Emil Kocher. Kocher treated goitre, a swollen thyroid 
gland, with operations whereby he completely removed the thyroid. 
However, all the patients developed the same health complaints, a 
syndrome we now know as hypothyroidism [4]. Kocher wanted to 
help his patients and tried to reverse the procedure by transplanting 
the thyroid tissue back into the patients. Since the organ was replaced 
to try and cure a complex internal disease, this transplantation may 
count as the first organ transplant ever [4]. This operation by Kocher 
became the starting point of research into organ replacement. 
Researchers started with other endocrine glands, such as the 
pancreas but also focused on other non-endocrine organs like the 
kidney. 

New techniques 
The next step in transplantation in humans were kidney transplants 
with xenografts, or transplants with organs from another species, for 
example, pig, goat or monkey donors. These happened around 1906. 
None of these kidneys functioned for more than a few days, and all 
patients died [3]. 

Surgical techniques developed by Alexis Carrel were very important 
from this moment on. He introduced a new technique for blood 

vessel suturing that made it possible to connect the donor organ to 
its vessels in the host. Because the technique of Carrel was so refined, 
he saw that transplantations between individuals from the same 
species, or allografts, were unsuccessful due to something that could 
not be solved by surgical techniques [4]. However, he did not know 
the reason for the failure of allografts [3].  

The rejection problem 
As Carrel had experienced with his transplantations, rejection of 
the donor organ was a major problem. Scientists tried to find 
explanations for this; maybe rejection had to do with differences in 
nutrients or protein levels in different bodies. Different experiments 
were carried out to prevent rejection of allogeneic transplants. 
For example, the organ was conditioned to its new environment 
by soaking it in the recipient’s blood serum [4]. Another strategy 
was to reduce the biochemical differences between the donor and 
recipient, whereby the recipient was fed meat from the donor animal 
or the recipient was injected with blood from the donor. None of 
these experiments had promising outcomes. However, a strategy 
that seemed promising was matching donors and recipients by ABO 
blood groups or by family relationships. This strategy eventually 
failed because there was not enough information about how these 
could predict transplant compatibility [4]. It was Georg Schöne, a 
German surgeon, who introduced the concept of transplantation 
immunity which explained that the body’s immune system was 
responsible for transplant rejection [4]. 

Immune system involvement 
A finding in line with the idea that rejection resulted from an 
immune response was that researchers saw that animals battling an 
infection had better transplantation results [4]. They reasoned that 
macrophages were ‘tied-up’ in these hosts and therefore could not 
help with the rejection of the donor organ. Another discovery in the 
early 1900s was the second set phenomenon [3]. This phenomenon 
was found when a patient that rejected skin grafts from a specific 
donor was again grafted with tissue from the same donor. This time, 
the graft was rejected faster, a finding they called the “second set 
response”.  

The involvement of the immune system suggested that rejection 
could be prevented by suppression of the immune system in the 
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recipient [4]. Different experiments were carried out to suppress the 
recipients’ immune response to try and make the allotransplants 
successful. Anti-antibodies were produced in 1900 for the first time 
but did not lead to good results and were therefore abandoned 
in 1905 [4]. James Murphy showed in 1914 that the lymphoid 
system caused the resistance to tumour allografts [5]. He tried to 
block the lymphocytes in the host with irradiation, benzol (the first 
immunosuppressive agent), and spleen removal. Only radiation 
had an effect [4, 6]. How the lymphocytes were involved in allograft 
destruction, Murphy could not explain since, at that time, they 
thought that lymphocytes were fixed cells. Moreover, radiation and 
the chemical immunosuppressants were too dangerous for clinical 
use [4]. 

A lot was already known about transplantation at this time, but 
the knowledge could not be translated into applicable procedures. 
Therefore, after World War I, organ transplantation was given up by the 
majority of scientists [4]. Only a handful of doctors around the world 
continued to investigate the possibilities around transplantations.  

On to the modern area 
In 1945, organ transplantation was rediscovered [4]. Peter Medawar 
worked with plastic surgeon Thomas Gibson during World War II to 
explore the use of skin allografts for the treatment of burned aviators. 
Medawar rediscovered that rejection was an immunologic event 
but could not detect any antibody [3]. At a cocktail party in 1949, a 
colleague brought him the idea for his next experiments. In these 
experiments, Medawar carried out skin transplants in twin cattle. It 
was already known that identical twins accepted skin grafts from 
each other. Surprisingly, Medawar discovered that non-identical twin 
cows also accepted their twins’ donor skin, even when the cows were 
of different genders [3, 7]. Medawar and his team concluded that the 
twin cows did not recognize the twin cells as foreign because of how 
their immune systems developed [3]. 

The team tried the same experiment in mice. They took spleen cells 
from a donor mouse, then injected those cells into mouse foetuses, 

and thereby induced chimerism [3]. Chimerism means that there 
are cells or tissues from two individuals present [8]. The adult mice 
were then transplanted with skin grafts from the same donor mouse, 
and these were not rejected [3, 9]. Finally, there was proof that a 
host could accept an allograft, although it could not be applied to 
humans yet. 

The first kidney transplant 
We are now in 1950, and the only successful transplants so far are 
skin grafts. A kidney transplant was next on the agenda since donors 
could survive with only one kidney. Dr. Vonoroy was the first doctor 
to transplant a renal allograft in 1933 . The kidney came from a 6 
hours old cadaver, and the patient died in less than 22 hours after 
transplantation. Blood type incompatibility and ischemia damage 
have probably led to the failure of this case [1]. 

In 1953, the 22-year-old Richard Herrick suffered from chronic 
nephritis, at that time a life-threatening disease with no cure. 
An American doctor, Joseph Murray, was developing his own 
procedures to perform kidney transplants, and Herrick went to him 
for help. Herrick had a healthy twin brother, and his condition was so 
dangerous that he agreed to undergo the experimental procedure to 
receive a kidney from his twin brother [1]. Murray and his team first 
tested the match between the brothers by grafting skin to confirm 
that they were identical. The brothers underwent surgery in 1954 and 
became the living proof of the first successfully transplanted organ 
[1]. By transplanting the kidney from an identical twin, Murray could 
bypass the issue of rejection because their immune systems matched, 
something that was already known from skin graft experiments in 
twins. However, the impact of this success was profound, and Richard 
Herrick lived eight years with his brother’s kidney [1, 3]. Since this was 
the first successful transplantation, some scientists view this as the 
first transplantation. 

Around 1960, scientists realised that it was impossible to perform all 
transplants with genetically identical or related donors, so another 
approach was needed for the evasion of rejection [1]. 

Figure 1: 'The miracle of the Black Leg' painted by Matteo di Pacino (around 1370-135). This painting depicts a story from the third century in which the saints Cosmas 
and Damien perform a leg transplantation. 
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The first strategy to prevent rejection in non-related recipients came 
from an experiment in mice. Joan Main and Richmond Prehn showed 
that when they used radiation to weaken the immune system of 
adult mice, they could induce chimerism by introducing bone 
marrow cells. These mice accepted skin grafts from the donor from 
which they also received the bone marrow [3]. Murray translated 
this approach to human transplantations and irradiated 12 patients 
that would receive a donor kidney. Two of these patients received 
donor bone marrow. Unfortunately, 11 out of 12 patients died 
within a month [10]. The surviving patient had not received bone 
marrow but lived with his non-identical twin brother’s kidney for 
20 years. This was the first time the genetic barrier to human kidney 
transplantation had been disrupted [3]. 

Between 1960 and 1962, Jean Hamburger and René Küss showed that 
this approach also worked between nontwin donors and recipients. 
They treated four patients with irradiation and subsequently 
performed a transplant in a non related donor and recipient [11]. 
All four transplantations were successful. After these successes, 
researchers assumed that chimerism was not needed for successful 
transplantation [3]. 

Immune suppressing drugs 
In the following years, immunosuppressant drugs were developed 
to treat patients and prevent rejection. In 1962, Dr. Roy Calne and 
his team showed that 6-mercaptopurine prolonged survival after 
renal transplants in 104 dogs [12]. Together with Murray, Calne found 
that chemical suppressants such as azathioprine, prednisone, and 
actinomycin C improved short-term outcomes in human patients 
[13].  

Although the progress in the field seemed positive and encouraging, 
by 1963, it became clear that the outcomes of transplants were not 
that good at all. Less than 10% of several hundred allograft recipients 
had survived as long as three months [3]. Of all patients treated with 
irradiation, only six had achieved 1-year survival. Immunosuppressive 
drugs did not seem more effective than irradiation [3]. 

The American researcher Thomas Starzl brought a new insight into 
the field. He developed a new immunosuppressive protocol that 
allowed 1-year graft survival in over 70% of the patients [3]. This 
new protocol also included immunosuppressive drugs prednisone 
and azathioprine, but administered these in a specific sequence. This 
completely changed the outlook for renal transplantation [14]. Some 
patients could even decrease their drug intake without inducing 
rejection [3]. The protocol of Starzl remained the virtual world 
standard for almost two decades [3]. 

Transplantation of other organs and other 
developments 
The early years of transplantation mostly focused on kidneys, but by 
the late 1960s, heart, liver, and pancreas transplants from deceased 
donors had been performed successfully [1]. The amount of successful 
non-renal organ transplantations grows due to immunosuppression 
by anti-lymphocyte serum and other immunosuppressive drugs such 
as cyclosporine (found in 1976) and tacrolimus (found in 1989) [3]. 

In the Netherlands, 1240 organ transplantations were performed in 
2021 [15], while the first successful transplantation occurred in 1954, 
which is not even 70 years ago. Due to the amazing work of scientists, 

surgeons, and patients, organ transplantation has gone from a myth 
to reality. 
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XENOTRANSPLANTATION – 
FUTURE OR SCIENCE FICTION? 

Anna-Lena Boller1

 Insight

Science fiction movies try to give us a glimpse of the future, and they often include improvements on the human body. In such films, we can see 
humans (or aliens) with superpowers or technical gadgets. However, this is merely science fiction - or at least far in the future - so what about 
other ‘improvements’ that we already use in the clinic: organ transplants to heal diseases or at least prolong survival. Organ failure is a severe 
disease that can have multiple causes and can often be treated only with organ transplantation [1]. In 2021, more than 1298 people (transplan-
tatiestichting.nl) were waiting for a transplant in the Netherlands. Unfortunately, organs do not ‘grow on trees’. Or do they? 

Donor organ shortage 

Donor organ shortage is a severe problem in the field of 
medicine [1]. Demographic trends indicate that the demand 
for organ transplants will continue to rise, particularly because 

many diseases that cause organ failure such as renal failure due to 
diabetes are age-related. However, as a result of improved safety, the 
number of traffic accidents has decreased, resulting in a decline in 
the most reliable source of organ donors, accident victims [2].

Xenotransplantation
People with organ failure often have only one last option: organ 
transplantation. Of course, organs do not literally grow on trees, 
but so-called xenotransplants could be an interesting opportunity 
in the future to resolve the problem of the worldwide shortage 
of organs [1]. Xenotransplantation describes the transplantation 
of non-human tissues. The prefix ‘xeno’ refers to a foreign, hence, 
xenotransplantation [3]. 

2022 – The future has arrived
In January 2022, a heart xenotransplantation from pig to human was 
performed at the University of Maryland in the USA. This was the first 
of its kind and made people feel as if they heard news which they 
would only expect in the far future. The surgery has been performed 
on a patient with end-stage cardiac failure who was not eligible for 
a regular transplantation with a human donor heart [4]. The patient 
died approximately two months after the surgery, but it can be 
considered a milestone that the patient survived for so long with a 
pig heart in his chest. So far, no details about the exact cause of death 
have been released. 

The pig used for the procedure was a so-called ‘chimeric pig’ that 
was genetically engineered in its embryonic stage in a process 
called blastocyst complementation. [4]. To minimise the risk of 
rejection after transplantation of organs of this animal to humans, 
various genes were deleted from or added to the pig’s DNA. Humans 
naturally produce antibodies against certain blood group antigens 
that are expressed in pigs. To avoid the immune response against 
those antigens, their expression was depleted in the pig. Additionally, 
six human genes, such as genes encoding proteins involved in 
regulation of coagulation and the complement system were inserted 
to decrease the likelihood of organ rejection. In total, the pig 
underwent 10 genetic manipulations [4,5].

Genetically engineered xenotransplants – an 
ethical solution?
Researchers and physicians are hoping that xenotransplants can 
help close the gap between the supply and demand of organs. 
However, just as the availability of human organs is associated with 
death, the pigs also need to die to provide the organs that can save 
humans. In a morbid way, those chimeric animals could be called 
‘living organ storages’. In a way, xenotransplantation, including 
genetic engineering, could potentially be superior to regular organ 
transplantation as it allows modification of the donor organ to 
provide an individually adapted treatment for the recipient [1, 5]. 
However, these possibilities raise an ethical question that needs to be 
addressed: should animals be used to ’grow what we need‘ in order 
to solve organ shortages?

Feasibility of engineered xenotransplants
In 2015, Mou et al. postulated that it is unlikely that blastocyst 
complementation will become standard practice in 
xenotransplantation. They raised concerns that it was unknown 
whether human induced pluripotent stem cells or embryonic stem 
cells and pig blastocysts can form interspecies hybrids [6]. However, 
the recent example of a pig heart transplantation has demonstrated 
that it is possible to grow a chimeric organ. On the other side, other 
concerns were addressed, including that although it would be 
possible to produce an organ for a specific recipient on a case-by-
case basis, this would be difficult and time-consuming, and it could 
not meet the demands of the transplant community that requires 
thousands of organs and millions of cells [6]. However, are there 
any other possibilities besides xenotransplantation to close the gap 
between the requirement for and availability of transplants? 

Alternatives to engineered xenotransplants
Depending on the severity of organ failure, there are indeed other 
opportunities that are currently being explored to provide solutions 
to help patients with organ failure. Cellular transplantation is 
considered to be a replacement for destroyed or damaged cells in 
organs. The procedure could, for example, involve the injection of 
stem cells of various types into a damaged heart, where they could 
potentially enhance cardiac function [7]. Using induced pluripotent 
stem cells, large amounts of differentiated tissues can be grown, 
including nerves and muscle and even possibly allow autologous 
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transplantation [2, 6].

For the complex organs such as livers, kidneys, and lungs, 
organogenesis could be a possible solution. In this procedure, organs 
will be grown in vitro or in vivo from for example tissue or stem cells 
de novo such as so called organoids [7]. Organoids have been recently 
explored as alternatives for liver transplantation and promising 
results showed that they can be possibly used as treatment for 
chronic liver disease. However, there are still challenges ahead 
such as clinical safety and ethical concerns [8]. Another promising 
alternative in the long term, in particular for cell and tissue implants, 
would be to graft tissues derived from embryonic stem cells [2, 6].

Sounding more like science fiction movies than reality, next-
generation artificial organs are being investigated. Limitations such 
as reliability still need to be overcome, and, again, the complexity of 
the organs is a huge burden to tackle [2, 6, 9]

Currently used as a bridge to transplantation are so called total 
artificial hearts. Little mechanical pumps that replace the heart which 
are often used to bridge the time until a patient receives a donor 
organ [10]. Research to create such next-generation artificial hearts 
is underway to hopefully use them as long-term solutions, although 
reliable devices will take some time to develop. Complex organs such 
as artificial livers and lungs, remain even more distant possibilities. 
 
Safe lives and sign up
There are various promising paths that researchers are taking in 
order to close the gap of organ shortage. The heart xenotransplant 
discussed earlier is a huge step in the right direction and should not 
be underestimated merely because the patient died. However, please 
feel free to inform yourself about the possibilities of organ donation 
and consider signing up as a potential donor.

History tells us that procedures
that were inconceivable yesterday,

and are barely achievable today,
often become routine tomorrow.’

Thomas E. Starzl, 1982
(US transplant pioneer).
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Figure 1: Illustration of how human pluripotent stem cells are 
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develop into live-born animals, their adult organs are harvested for 
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EDITING THE ENGINEERED: 
AN AMALGAMATION OF IPSC AND 

BASE EDITING TECHNOLOGY
Bhadra Muralidharan1

 Abstract

Induced pluripotent stem cells (iPSCs) are stem cells with the ability to differentiate into different cell lineages and are derived from adult 
somatic cells. iPSCs allow for the in vitro study of various disorders, thus providing an opportunity for therapeutic intervention when combined 
with gene editing. Gene editing is defined as the precise modification of a gene and its most common application is to modify a genotype which 
is responsible for the disease phenotype making it the basis of treating monogenic disorders. Well-established protocols for the generation of 
genetically corrected patient-derived iPSCs involve first the reprogramming of somatic cells to iPSCs, which are then subjected to gene editing. 
This however leads to longer culture time with higher risk for in vitro alterations. Simultaneous base editing and reprogramming of somatic 
cells thereby pave the way for a straightforward approach to circumvent this, providing high efficiency of reprogramming and editing while 
simultaneously reducing culture time and in vitro changes drastically.
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iPSCs: a renaissance in stem cell biology

The advent of induced pluripotent stem cell technology [1] 
has brought with it immense potential applications and has 
reshaped our approach to experiments in human genetics, 

stem cell biology, and biomedical research [2,3]. Ectopic expression 
of a set of reprogramming transcription factors in a somatic cell can 
direct the cell into a pluripotent state, transforming it into what is 
called the induced pluripotent stem cell (iPSC). The applications of 
iPSCs are wide-ranged from disease modelling and drug screening 
to personalised cell-based gene therapy[2–4]. This broad spectrum 
of uses can be attributed to the uncomplicated and systematic 
reprogramming process in the presence of a cocktail of transcription 
factors, also known as the Yamanaka factors (Klf4, Sox2, Oct4, and 
cMyc)[5]. In addition, iPSCs maintain their state of pluripotency 
even after they have undergone extensive rounds of culturing, 
retaining their ability to be reprogrammed to any cell of the body. 
Gene editing in iPSCs is a specific application that is aimed towards 
the better understanding of the pathophysiological mechanisms 
that underly genetic diseases [6]. This is specifically the case in 
monogenic disorders, which involve a mutation or dysfunction in a 
single gene that eventually causes a disease phenotype. Editing the 
gene implicated in a disorder to induce the disease mutation can 
be used to model the disease or to generate genetically corrected 
patient-derived iPSCs. This thereby presents an opportunity for 
therapy using a combined approach of iPSC technology with gene 
editing techniques [7].

Base editing: the molecular ‘search and replace’ 
tool
Base editing is a CRISPR/Cas9-based genome editing technique 
that can be used to induce a point mutation in iPSC control lines or 
to correct a pathogenic mutation in patient-derived iPSCs[8]. The 
characteristic feature that makes this technique desirable is its ability 
to edit without the introduction of double strand breaks (DSBs) in 
the genome. Unrepaired DSBs, being lethal to cells, have diverse 
mechanisms of repair, which can result in several on and off-target 
DNA indels (insertions and deletions), chromosomal aberrations and 

eventually apoptosis [9]. The base editor’s ability to surpass this gives 
it an edge over the conventional CRISPR/Cas9 nuclease system. Base 
editors are primarily composed of two parts, namely, the catalytically 
dead Cas9 (dCas9) and an enzyme with DNA modifying ability. dCas9 
is catalytically inactive due to mutations present in its structure: 
Asp10Ala and His840Ala, which render its nuclease function inactive 
while retaining the ability to bind DNA in a single guide RNA (sgRNA) 
programmed manner[10]. The conjugation of this dCas9 with the 
DNA modifying enzyme directs the conversion of the bases in a 
direct and irreversible manner without the induction of DSBs [10,11]. 
The dCas9 domain binding, once directed by the sgRNA at the target 
site, further causes the single stranded DNA (ssDNA) to be edited 
to form an R loop. This ssDNA R-loop is the substrate for the DNA 
modifying enzyme where base editing occurs. There exists a window 
of editing, a narrow region of bases in the DNA which are exposed 
by the dCas9 binding leading to the action of the DNA modifying 
enzyme and consequent gene editing. 

Deamination of the cytosine base to adenine occurs about 100-500 
times in a day per cell in humans. This same base change is associated 
with half of the known pathogenic single nucleotide polymorphisms 
(SNPs) [12,13]. The conversion of the A.T base pair to a G.C pair at the 
targeted loci is the most straightforward way to correct the disease-
causing mutation in the gene[14,15]. Adenine base editors (ABE) are 
intended for this particular base change: an ABE-dCas9 fusion binds 
to the DNA sequence in a sgRNA-programmed way where the DNA 
modifying enzyme i.e., the deoxyadenosine deaminase, catalyses the 
adenine to inosine base change. Inosine is recognized as a guanine 
during DNA replication and as a result the A.T pair is subsequently 
replaced by a G.C pair. A combined use of the base editors through 
an efficient RNA-based delivery system with simultaneous vector 
reprogramming of somatic cells leads to the single straightforward 
editing of cells while generating a monoclonal human iPSC line. 
This methodology is one with unprecedented efficiency where the 
simultaneous approach also drastically reduces the culture time and 
thus the risk for any alterations that occur in vitro. 
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Treatment of monogenic disorders: are iPSCs 
the yin to the gene editing’s yang?
The foundation of combining gene editing with reprogramming 
somatic cells was laid by countless experiments which eventually 
led to the optimised protocol with a high efficiency in obtaining the 
desired results. The lengthy procedure of first reprogramming the 
cells into a pluripotent state, later being subjected to gene targeting, 
editing and subsequent selection of the desired genotype was found 
to be cumbersome and error-prone. It was also reported that with an 
increase in the duration of culture time, there is an increased chance 
of undesirable changes in genomic integrity; namely oncogenic 
gene activation, duplication, and induced karyotypic abnormalities 
[16,17].

One of the first attempts made towards combining the two processes 
involved the correction and reprogramming of fibroblasts obtained 
from patients which reported a targeting efficiency of about 8% in 
the iPSC population generated [18]. The targeting of the DNMT3B 
locus in the reprogrammed iPSCs was done from a fibroblast cell 
line of a patient suffering from retinitis pigmentosa which resulted 
in correction of the mutation. Another cell line was also used 
which was aimed at correcting the ADA and PRPF8 gene loci of 
the patient derived cells which cause SCID. DNMT3B is a DNA base 
cytosine methylator and thus an epigenetic factor behind retinitis 
pigmentosa, an inherited retinal disease [19]. This protocol, however, 
depended on the function of a single-stranded oligonucleotide as 
it reduces the chances of Cas9 protein cutting after homologous 
recombination occurred while acting as a selectable marker for 
successful clones. The success of these experiments then paved 
the way for optimisation of the one-step protocol to increase the 
efficiency of correction. 

The next attempt made at editing with simultaneous reprogramming 
aimed for the elimination of any steps involving the employment 
of a selectable marker [20]. This approach resulted in a substantial 
increase in the reprogramming efficiency solely due to the use 
of Cas9-Gem which made sure there were minimal secondary 
mutations. Cas9-Gem is formed by the fusion of Cas9 nuclease with 
the human geminin protein to ensure it gets degraded in the G1 
phase of the cell cycle when non homologous end joining (NHEJ) 
DNA repair predominates. This fusion protein caused a two-to-three-
fold decrease in the frequency of NHEJ, resulting in a bias towards the 
homology directed repair (HDR) pathway [20].

The most recent work in this field has resulted in further optimisation 
of this one-step procedure [21] wherein the use of a seventh 
generation ABE [22] called ABEmax coupled with reprogramming 
using episomal vectors (extrachromosomal closed circular DNA that 
replicates autonomously in the host cell which can be of bacterial 
or viral origin) was employed. High and transient expression of the 
ABEmax was employed with the use of an in vitro transcribed RNA 
construct that mimicked the human mRNA structure. Electroporation 
of patient-derived fibroblasts with this construct and the sgRNA led 
to the generation of hundreds of colonies that were monoclonal 
in nature. This process established about 96% efficiency while 
being free of DSBs, thereby reducing the risk of DNA damage. This 
protocol also reduced cell toxicity and off-target effects as the 
ABEmax components were all RNA-based. The use of episomal 
reprogramming vectors ensures pluripotency is maintained over 
passages while culturing [21]. 

Future prospects
With advances in stem cell technology and gene editing techniques, 
there is great potential for the one-step procedure of gene editing 

Figure 1: One-step protocol consisting of simultaneous fibroblast reprogramming with base editing to generate genetically corrected patient-derived iPSCs (created 
using BioRender).
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and reprogramming to be employed for biomedical research, 
eventually providing therapy formonogenic diseases in a cleaner 
and more efficient way. With rapid advances in gene therapy towards 
clinical application [23], its use can be envisioned in the future 
where pathogenic SNPs with any of the four base changes can be 
edited in an accurate manner without DSBs and while avoiding any 
off-target edits, limitations due to the protospacer adjacent motif 
sequence, etc. Further work on the delivery of these constructs via 
nanoparticles shows immense potential for therapy development 
from bench to bedside [24–26].
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MYTH OR SCIENCE: 
DOES THE SMARTEST KID IN CLASS HAVE 

THE BEST CHANCES OF SUCCESS?
Lessa Schippers1

 Insight

One of the most asked questions to children probably is, “what do you want to be when you grow up?”. Most children have wild dreams 
and beautiful fantasies of everything they want to be and want to do when they grow older. What happens between these aspirations and 
them starting their actual job(s)? Some children indeed grow up to be astronauts, football players, or ballerinas, while others will not. Besides 
changing dreams, what determines whether someone will be successful or not? Can we predict this based on certain characteristics? In our 
society, intelligence is highly valued; “smart” children can sometimes even skip or shorten certain parts of the curriculum. We assume that being 
smarter will automatically mean that you will have better chances at being successful. But is this true? Is this what we should tell our children? 
That their intelligence will determine whether they reach their dreams?

Many university study programmes, including medicine and biomedical sciences, choose their students based on a selection process. But how 
does one fairly select students? In other words, how can you be sure to select students that will succeed in their studies? Often, a knowledge 
or intelligence test is part of the selection, as intelligence is seen as an important factor. However, does intelligence best predict who will 
successfully graduate? More specifically, is it true that just being smart will ensure swift progress throughout your studies?

What is grit?

I will give you the answer right away. No, intelligence is not 
the best predictor of success. Let me introduce you to the 
real determinant, named grit. Former consultant and teacher, 

researcher Dr. Duckworth is the person who introduced the concept 
of grit into the world of research. During her time as a teacher, 
Duckworth wondered what determined success in her students, 
concluding that it was not just their IQ [1]. 

In her first series of studies, she investigated what predicts success in 
people in challenging situations [2]. Duckworth defined the observed 
results with the word “grit”, which can be best explained as passion 
and perseverance to reach long-term goals. Grit did not positively 
correlate with IQ, but did correlate with average undergraduate 
grades, retention in the military academy, and predicted who would 
reach the final of a spelling bee [2]. Let us take a closer look at 
this series of studies. Firstly, a twelve-item scale to measure grit 
was developed with two subscales: consistency of interest and 
perseverance of effort [2]. Then, undergraduate psychology students 
at an elite university completed the grit scale. Their mental ability 
was assessed by SAT (university admission test) scores. Grit predicted 
a higher Grade Point Average, even with a constant SAT score [2]. 

A next study wanted to predict which military cadets would remain 
in a highly competitive academy where about 1 in 20 drop out. Grit 
was the best predictor of completing a summer training program, 
outperforming admission scores and measures of self-control. In the 
last study, children who were finalists of the national spelling bee 
completed an IQ test, the grit scale and a self-control measure. Grit 
predicted who would reach the final round, both directly and being 
mediated by training time and prior spelling bee experience [3]. 

Further research into grit showed that it could be predictive of a wide 

variety of capacities beyond high achievement environments, for 
example, keeping a job, learning a new language, or staying married 
[3, 4]. Because of the importance of grit for many aspects of life, it 
is also considered to be of great interest to educational research. 
Researchers are investigating the role of grit in the classroom and if it 
is something you can foster in children [5].

Grit in medical students
With grit being defined as passion and perseverance to reach long-
term goals, one would expect medical students to be very gritty, as 
they might be studying for over ten years. What do we know about 
the specific role of grit in medical students? As expected, grit tends 
to be high in medical students, and among medical students, grittier 
students are more likely to finish their undergraduate studies in time, 
and they perform better on clinical knowledge scores [7]. Moreover, 
grit seems to protect students against developing a burn-out, which 
we know is a big risk for (bio)medical students [8]. Moreover, a study 
that investigated grit and its link to personality measures in medical 
students, found that grittier students are more empathic during 
patient care, have higher self-esteem, and lower aggression levels [9]. 
These are exactly traits one should be looking for in future doctors. 
Being gritty also protects students against burn-out and low mental 
well-being during their residency [10, 11]. Also at a later age, once 
accustomed to one’s job, grit has been shown to protect against 
burn-outs and increase life satisfaction [12]. So, in conclusion, being 
gritty as a medical student helps you get through your studies and is  
advantageous as a resident, and eventually as a clinician.
The dark side of grit

If we look at the results given in the previous paragraphs, it would 
seem that the grittier you are, the more you will achieve in life and 
the happier you will be. Can we just accept this to be true, or does 
grit also have a downside? In other words, can you be too gritty? Yes, 

1Master’s student Cognitive Neurosciences, Donders Institute for Brain, Cognition and Behaviour, Nijmegen, The Netherlands
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you can. Or at least grit is negatively associated with other desirable 
characteristics. One study, for example, found a negative correlation 
between grit and cognitive flexibility [13]. In their example, they 
concluded that being perseverant inhibits people from exploring 
new ways to solve a problem [13]. Another study found that grit 
could mean that people want to reach their goals at all costs and that 
grittier people might put their ethical standards aside [14]. Lastly, 
research showed that gritty people can have trouble knowing when 
to give up and acknowledging when they are losing. This goes hand 
in hand with the finding that grit can lead to a higher willingness to 
risk failure. Overall, being too gritty can, just like any other personality 
characteristic, be detrimental.

Conclusion
In conclusion, as it seems from the work of Duckworth, one of the 
most important factors for success is grit and not intelligence. Grit 
has been associated with a number of positive outcomes, both in 
education and well-being. In medical students in particular, grit 
seems to be an important personality characteristic. Being too gritty 
has been associated with wanting to reach your goals without taking 
ethics into consideration, having less cognitive flexibility, and not 
giving up despite bad odds. Regardless of these downsides, I believe, 
from the given results, that being moderately to highly gritty can 
help you achieve success. 

Should these results change our way of selecting students; thus, 
should we not only look at knowledge when selecting students 
but also at grit? Should we look at their ability to endure and stay 
passionate during what can feel like a very long study programme? 
What do you think, and how would you like the university to assess 
this quality? Grit is important during your studies. In our curriculum, 
we already learn a wide range of professional skills, and learning 
about grit and how to become grittier might deserve a spot too.

Anyways, when we think back about asking children what they want 
to reach when they grow up, think about what you will have to teach 
the children to help them reach their high aims and big dreams, 
GRIT! 
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“WHAT’S TAKING SO LONG?”
WHAT WE KNOW ABOUT LONG COVID-19 SO FAR.

Richard II Dela Rosa1

 Abstract

Emerging cases of chronic illness after the acute phase of COVID-19, commonly called “Long COVID,” have shed light on the long-term negative 
consequences of SARS-CoV-2 infections. There is increasing concern that even patients with mild initial symptoms may develop a variety of 
multiorgan symptoms with disabling consequences. Some groups of people appear to be more susceptible to persistent illness with risk 
factors including 1) higher age, 2) asthma, 3) low levels of certain immunoglobulins, and/or 4) multiple symptoms during primary SARS-CoV-2 
infection. Among those affected with Long COVID, symptoms are commonly associated with the brain, lungs, and circulatory system. Due to 
the complex nature of Long COVID, treatment regimens mainly involve symptom management and burden alleviation. Therefore, it is crucial 
to uncover the pathophysiology and epidemiology of Long COVID to improve diagnostics, monitoring, treatment, and public health policies.

1Master’s student Molecular Mechanisms of Disease, Radboud university medical center, Nijmegen, the Netherlands

An increasing amount of people experience lingering symptoms 
after recovering from COVID-19, shedding light on the virus’s 
real toll on the human body. Post-acute COVID-19 syndrome, 

commonly referred to as Long COVID, is defined as persistent 
complications beyond 4 weeks from the onset of symptoms [1]. 
Current estimates suggest that 10 to 25% of recovered patients 
with mild or severe COVID-19 symptoms experience some degree of 
chronic illness [2]. Months after recovery, a number of patients have 
not even regained pre-COVID-19 physical and mental capabilities 
due to significant symptom burden [3]. The persistence of long-term 
symptoms, some even debilitating, emphasizes that the negative 
consequences of SARS-CoV-2 infections go beyond acute symptoms, 
hospitalizations, and deaths. 

Why does it happen and who is at risk?
There is insufficient information available to pinpoint the cause and 
pathophysiology of Long COVID. It is uncertain whether the virus 
persists in patients with Long COVID, or whether the long-term 
symptoms are caused by direct virus-induced damage to the organs 
during infection [4].  Some even suggest that Long Covid might be 
caused by indirect immune-related damage [4]. However, one of the 
leading theories is that SARS-CoV-2 infection can cause a hyperactive 
immune response which may trigger autoimmunity and other 
immune disorders [1, 5]. 

While the exact mechanisms of Long COVID are unknown, we do know 
that certain groups of people are more susceptible to these chronic 
symptoms. A 1-year cohort study showed that people with higher 
age, a history of asthma, low levels of certain immunoglobulins, and/
or multiple symptoms during primary infection had an increased 
risk of Long COVID [6]. However, recent evidence indicates that 
vaccinations significantly reduce the risk of Long COVID [7]. A 
study of UK adults obtained self-reported data from previously 
recovered COVID-19 patients who are either fully vaccinated, partially 
vaccinated, or unvaccinated [8]. The findings show that individuals 
with full vaccinations from AstraZeneca, Janssen, Moderna, or 
Pfizer are 50% less likely to have COVID symptoms lasting 28 days 
post-infection compared to unvaccinated people [8]. Although 

breakthrough infections could still lead to Long COVID, it is clear that 
vaccinations are valuable beyond just preventing infections. 

Although COVID-19 has often been described as a respiratory 
disease, Long COVID patients exhibit diverse symptoms affecting 
multiple organ systems [1, 9]. The following sections aim to give an 
overview of some of the most prominent organs affected by COVID-
19 and current strategies employed to treat them. It should be 
pointed out that the following studies were performed in the context 
of different SARS-CoV-2 variant surges, so it remains unclear whether 
Long COVID risk is associated with different variants. 

Brain
It has been reported that COVID-19 may affect both the brain’s 
function and structure. Cognitive dysfunction occurs in an estimated 
70% of people with Long COVID across multiple studies – making 
it one of the most common symptoms [2]. These cognitive issues 
manifest themselves through brain fog, reduced concentration, and/
or memory loss [1]. It is important to note that most Long COVID 
studies only include self-reported results on cognitive issues, which 
may be susceptible to bias [2]. Thus, more research on quantifying 
cognition after the acute phase of COVID-19 is needed to provide 
more robust insights into Long COVID and its effects on cognition [2]. 
Moreover, the distinct loss of smell and taste symptoms in infected 
individuals can persist. Multiple studies observed that ~10% of 
hospitalized patients had impaired taste and smell six months after 
discharge [1]. This was similarly observed in home-isolated young 
adults aged 16-30 years in Norway, where 28% (17/61 individuals) 
had impaired loss of taste and smell after six months [10].

Interestingly, a recent longitudinal study involving UK Biobank 
participants (aged 51-81) sheds light on the possibility that COVID-
19 influences brain structure [11]. Imaging analyses were conducted 
on 401 participants who had mild COVID-19 and they found that 
the overall brain size had decreased,  ranging from 0.2% to 2.0% 
in participants [11]. Notably, affected parts of the brain included 
the grey matter in olfactory- and memory-associated regions and 
markers of tissue damage were found in regions connected to the 
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primary olfactory cortex [11]. Since this was only an observational 
study, a causal relationship between the structural changes and 
cognitive dysfunction remains to be elucidated [12]. 

Lungs 
SARS-CoV-2 infects cells along the respiratory system in the early 
stages of infection, while using them to replicate itself and spread 
quickly to other cells [13]. Shortness of breath, an initial symptom 
affecting the lungs, has been reported to linger even after testing 
virus negative in both hospitalized and non-hospitalized people [14]. 
However, health providers and researchers are puzzled to find that 
some Long COVID individuals who experience breathlessness test 
normally in routine tests such as computed tomography (CT) scans 
and lung function tests [15]. 

An initial small-scale study by Fergus Gleeson, a radiology professor 
at the University of Oxford, employed an uncommon method to 
check for lung abnormalities that are otherwise undetectable in 
Long COVID patients who had mild and severe symptoms [16]. 
Instead of using CT scans, a patient inhales a non-toxic gas called 
xenon, followed by a magnetic resonance imaging (MRI) scan 
[16]. This visualizes signs of lung damage by highlighting regions 
where gas exchange is inefficient [16]. Indeed, the detailed scans 
found that those who experienced breathlessness as a Long COVID 
symptom had impaired oxygen uptake compared to healthy controls 
[16]. Gleeson mentions that the degree of lung damage he saw in 
Long COVID patients was larger than anticipated [16, 17]. Moving 
forward, a larger study is being prepared to validate the findings and 
determine if the lung damage is irreversible or resolves over time 
[17]. 

For some people, however, lung problems post-COVID-19 manifest 
themselves only during strenuous activities, such as exercise. Among 
those who have persistent exercise intolerance after COVID-19, a 
study found that there was a significant reduction in peak oxygen 
consumption and also a hyper ventilatory response during exercise 
compared to healthy individuals [18]. 

Overall, it can be observed that insufficient oxygen consumption is a 
trend among individuals with Long COVID. As such, studies exploring 
exact mechanisms on how COVID-19 alters lung function are crucial 
to developing effective interventions.

Heart and circulatory system
Symptoms with cardiac origins have also been observed in Long 
COVID patients. In an international online survey of 3,762 patients 
who still had symptoms seven months after infection, ~86% of the 
respondents reported experiencing chest pains, palpitations, and/or 
fainting [19]. The high prevalence of cardiac symptoms in Long COVID 
patients led researchers to investigate underlying abnormalities in 
the heart and blood vessels. Although further research is needed, 
initial studies show that circulatory-related symptoms may be due 
to chronic inflammation, which damages nerve fibres that normally 
help control circulation or microscopic blood clots [9, 20]. Both these 
mechanisms reduce oxygen delivery to various tissues in the body, 
thus limiting aerobic capacity and causing severe fatigue [21].

Beyond chronic symptoms from COVID-19, a study involving a 
cohort of 153,760 individuals showed that individuals 30 days 
post-infection were at an increased risk of cardiovascular disease 
[22]. Compared to healthy controls, recently recovered individuals 
had higher incidence ratios of cardiovascular outcomes such as 
cerebrovascular disorders, dysrhythmias, pericarditis, myocarditis, 
heart failure, and thromboembolic disease [22]. Increased risks and 
burdens were apparent in both hospitalized and non-hospitalized 
individuals, although at different levels [22]. However, a concerning 
fact is that the risk was elevated even for those who are below 65 
years and lacked risk factors such as obesity and diabetes [22, 23]. 
The findings of this large study can help healthcare providers in 
forming new protocols for COVID-19 aftercare, such as cardiovascular 
monitoring [22].

Treatments and interventions
Chronic illnesses after a viral infection are not unique to SARS-CoV-2, 
therefore Long COVID is not completely surprising. Better-known 
post-viral syndromes include Guillain-Barré syndrome and Myalgic 
Encephalomyelitis/Chronic Fatigue Syndrome (ME/CFS), both 
associated with various viruses such as the Epstein-Barr virus and 
human immunodeficiency virus (HIV) [4, 24]. However, Long COVID-
19 is unique due to the relatively high number of affected patients 
and its multi-organ involvement [4]. The diversity of symptoms and 
unknown mechanisms of Long COVID has made it difficult to develop 
effective drug treatments and evidence-based interventions [4]. 
At present, there is great emphasis on managing symptoms and 
increasing physical activity in affected individuals [25]. Diverse 
symptoms varying from patient to patient would need multiple 
specialists as well, which can be troublesome for both patients and 
health institutions. To address this problem, some have adopted an 
integrated approach to ensure more refined logistics and patient 
care through setting up centres for treatments that specialize in 
Long COVID [4]. In Radboudumc, for example, a COVID-19 aftercare 
outpatient clinic has been established to aggregate clinicians 
with different specialties [26]. This allows them to deploy tailor-
made interventions to Long COVID patients and monitor for other 
symptoms as well [26].

Conclusion
As we enter the third year of the pandemic, we are beginning to 
witness the long-term effects of chronic illnesses associated with 
COVID-19. This article only tackled some of the most common organs 
that are affected in individuals with Long COVID. However, chronic 
symptoms have also been found to affect the gastrointestinal system, 
pancreas, and other organs [27, 28]. Aside from displaying immediate 
and noticeable symptoms, there is accumulating evidence that 
COVID-19 increases the risk for an array of conditions such as 
diabetes and ischemic attacks [22, 28].

Figure 1: Common Long COVID symptoms associated with the brain, lungs, and 
heart.
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Due to the complexity and multisystem involvement of Long COVID, 
we are left with more questions than answers regarding the nature 
of this condition. The rapid evolution of the virus and absent 
sequencing data from routine diagnostics make it difficult to study 
whether different variants are associated with different risks to 
develop Long COVID. Moreover, multiethnic and age representation 
need to be considered for future studies to reach more accurate and 
representative conclusions [29].

 The emergence of Long COVID challenges the thought that this virus 
is just your common cold. Vaccines curb severe impacts of SARS-
CoV-2 infection, but cases of Long COVID in breakthrough infections 
suggest that the effects of this pandemic are far from over. Albeit 
at different probabilities, it is still possible to develop Long COVID 
for both vaccinated and unvaccinated people. The sheer number 
of Long COVID cases and an increased risk for multiple diseases 
may aggravate the problems of already overstretched public health 
systems. It is therefore imperative to gain further understanding of 
the epidemiology of Long COVID and chronic health effects of SARS-
CoV-2 infection. This may serve to improve health policies and adapt 
healthcare towards diagnosing and treating long-term patients 
effectively [4].
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DOPAMINERGIC AND NORADRENERGIC INTERACTION 

IN THE POSTERIOR VENTROLATERAL THALAMUS 
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 Abstract

Parkinson’s disease is the second most common neurodegenerative disease with a worldwide incidence of 1-2 per 1000, of which 60% of 
the patients are tremor dominant. Despite parkinsonian tremor being highly burdensome, its pathophysiology remains enigmatic. In vivo 
neuroimaging studies have sparked new insights into the mechanisms and neurotransmitters underlying Parkinson’s tremor. In this mini-review, 
we discuss the pathophysiology and most recent findings and ultimately present a novel model for Parkinson’s tremor. In the past years, the 
“dimmer-switch” model has been established as the leading model for Parkinson’s tremor. In this model, tremor-initiating input from the basal 
ganglia activates the cerebello-thalamic loop which maintains and dictates tremor amplitude. Evidence indicates distinct roles of dopaminergic 
and noradrenergic input onto the posterior ventrolateral thalamic nucleus. In particular, studies investigating the effect of cognitive stress have 
unmasked the stimulating effect of noradrenaline on Parkinson’s tremor. Clinical and dopamine neuroimaging studies have not yet managed 
to fully explain the unpredictable and variable response of tremor to levodopa medication. Interestingly, levodopa medication response 
appears to be also determined by cognitive stress. Incorporating these recent findings, we suggest that Parkinson’s tremor modulation occurs 
due to a mismatch of dopaminergic and noradrenergic innervation in the posterior ventrolateral thalamic nucleus. Future research combining 
dopaminergic and noradrenergic neuroimaging is needed to study these thalamic interactions. 

1Bachelor’s student Biomedical Sciences, Radboud university medical center, Nijmegen, The Netherlands

Background

Parkinson’s disease (PD) is a neurodegenerative disorder 
characterised by the presence of bradykinesia and rigidity or 
4-6 Hz resting tremor. Despite Parkinson’s tremor being one of 

the most burdensome symptoms in PD, its exact mechanism remains 
unknown [1].

In recent years, large in vivo neuroimaging studies have greatly 
expanded our knowledge of the pathophysiology of Parkinson’s 
tremor. In particular, functional magnetic resonance imaging 
(fMRI), dopamine transporter single-photon emission computed 
tomography (DAT-SPECT), and positron emission tomography (PET) 

studies have made a vital contribution to this [2-4]. These studies, 
in combination with neurocognitive experiments, have shed light 
on the possible role of cognitive stress and noradrenaline, besides 
dopaminergic dysfunction, in Parkinson’s tremor.

In this mini-review, we discuss the current leading model for 
Parkinson’s tremor and the most recent findings concerning the 
pathophysiology. Ultimately, we present a novel model for Parkinson’s 
tremor that incorporates both noradrenergic and dopaminergic 
function in the thalamus.

Current model Parkinson’s disease
The current leading hypothesis is that the basal ganglia initiate a 
tremor by activating the cerebello-thalamo-cortical brain circuit that 
maintains and dictates the tremor amplitude  [2, 3, 5]. This hypothesis 
is based on findings from fMRI studies that demonstrated that 
activation of the globus pallidus internus (GPi) precedes a tremulous 
episode. The subsequent activity of the cerebellothalamic circuit 
correlates strictly with tremor amplitude [2, 3]. However, it is unclear 
which neurotransmitters are involved in triggering and dictating the 

tremulous activity, and other brain structures also appear to play a 
role [6-10]. We believe that the evidence for this model is compelling. 
In order to make it of more clinical significance, further studies 
determining the neurotransmitters involved are needed, using PET 
neuroimaging, for instance.

Dopaminergic function
Dopamine depletion in the substantia nigra and the striatum is 
considered the pathological hallmark of PD [11]. Whether and how 
dopaminergic depletion in the basal ganglia relates to Parkinson’s 
tremor is still under debate. While tremor can have a markedly 
good clinical response to levodopa, even better than bradykinesia 
and rigidity, the response can also be very mild or absent [12]. 
Interestingly, the effect of levodopa seems to get reduced by 
cognitive stress [13]. This enigmatic and unpredictable response to 
levodopa is underscored by the fact that tremor does not strongly 
correlate with the degree of nigrostriatal dopamine deficits, while 
bradykinesia and rigidity do [14]. Thus, the assumption that merely 
dopaminergic dysfunction would be responsible seems incorrect 
based on several reasons. First, the severity of tremor correlates 
poorly with nigrostriatal dopaminergic deficits and clinical response 
to dopaminergic medication varies greatly between patients and 
is often even absent [8, 15, 16]. Second, reduced raphe nuclei 
serotonin transporter availability correlates with tremor severity [17]. 
However, direct evidence of serotonergic influence on parkinsonian 
tremor is lacking. Third, activation of the locus coeruleus (LC) (the 
predominant source of noradrenergic projections in the brain) by 
an audio-visual task or cognitive stress markedly leads to the onset 
and worsening of resting tremor [6, 9]. This leads to the idea that 
other neurotransmitters and cerebral systems are involved in the 
pathophysiology of Parkinson’s tremor. 

2Bachelor’s student Molecular Life Sciences, Radboud faculty of science, Nijmegen, The Netherlands
3Bachelor’s student Medicine, Radboud university medical center, Nijmegen, The Netherlands
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Noradrenergic involvement in Parkinson’s 
tremor
Multiple studies support that noradrenaline via the LC is involved 
in the generation and/or modulation of Parkinson’s tremor. Post-
mortem studies show that in tremor-dominant patients (TD+) the 
neuronal loss in the LC is limited relative to patients with a non-
tremor dominant (TD-) phenotype [18]. Interestingly, noradrenergic 
terminals are relatively preserved in TD+ PD patients, especially in the 
thalamus [4, 19]. In line with this, noradrenergic receptor binding is also 
increased in TD+ patients [20]. While pharmacological suppression of 
noradrenergic transmission generally leads to a reduction in tremor, 
intravenous injection of noradrenaline ,in turn, leads to a more 
intense tremor [21-23]. Nonetheless, proper experiments showing 
the possibility of noradrenergic medication for reduction of tremor 
are lacking. There is an abundance of evidence demonstrating that 
motor symptoms of PD worsen during psychological stress [24, 
25]. When patients are asked to perform an arithmetic task (e.g., 
counting backwards from one hundred in steps of seven) and 
thereby experiencing cognitive stress, tremor amplitude and severity 
increase dramatically [6, 26]. More interestingly, the study by Dirkx 
et al. showed that an increase in cognitive stress was associated not 
only with increased tremor amplitude but also with enlarged pupil 
diameter and increased heart rate, both of which indicate activation 
of the LC [6].

Cognitive stress leads not only to a profound exacerbation of the 
tremor, but also to a reduced effect of levodopa medication [13]. 
Thus, there seems to be a subtle interaction of noradrenergic and 
dopaminergic systems causing modulation of parkinsonian tremor.

The posterior ventrolateral thalamic nucleus as 
a modulatory centre in Parkinson’s tremor
The noradrenergic neurons originating from the LC have a profound 
effect on the activity of almost all the nuclei and cortices of the brain 
[27, 28]. α1-Adrenoreceptors and β-adrenoreceptors are present 
on the thalamus, and these are likely to be stimulated by the large 

noradrenergic projections from the LC [29, 30]. Indeed, the posterior 
ventrolateral thalamic nucleus pars ventralis (VLpv) is specifically the 
area through which noradrenergic innervation (by cognitive load, 
referring to the amount of working memory used when performing 
a task) appears to influence tremor [6]. Dopaminergic innervation 
is also abundant in the thalamus [31]. The exact dopaminergic 
innervation onto the posterior ventrolateral thalamic nucleus (VLp) 
originates predominantly from the retrorubral area (RRA), and not 
from the substantia nigra. A small post-mortem study demonstrated 
increased dopaminergic degeneration in the RRA in TD+ patients, 
but this finding has not yet been replicated in a larger study in vivo 
using neuroimaging [32]. Levodopa reduces activity in the VLp and 
pallidal activity, and is correlated with concurrent tremor activity [33]. 
Dopamine transporter depletion in nigro-pallidal regions (measured 
with (DAT-SPECT)) correlates with tremor severity [3]. Transcranial 
stimulation studies confirm that the thalamus, specifically the VLp, 
modulates Parkinson’s tremor. Namely, stimulation of the thalamus 
at a frequency similar to the patient’s tremor frequency resulted in 
the tremor adapting to the phase of the electrical stimulation [34]. 

It has been demonstrated that dopaminergic inhibition of the 
VLp reduces tremulous activity and that noradrenergic activation 
of the VLpv amplifies Parkinson’s tremor [6, 33]. In the model of 
Helmich, Parkinson’s tremor on- and offset is generated in the globus 
pallidus internus (GPi) by activating the motor cortex via the anterior 
ventrolateral thalamic nucleus (VLa), and the cerebello-thalamic 
circuit is responsible for modulating tremor amplitude. Building 
on this previous model of PD, we hypothesise that Parkinson’s 
tremor modulation occurs due to a mismatch of dopaminergic 
and noradrenergic innervation in the VLp, in which noradrenergic 
hyperactivity may be inadequately inhibited by the impaired 
dopaminergic innervation, leading to tremor exacerbation (figure 1) 
[5]. Future research combining dopaminergic (e.g. DAT-SPECT) and 
noradrenergic (e.g. 11C-MeNER PET) neuroimaging is warranted to 
test this suggested model of Parkinson’s tremor.

Figure 1: A hypothetical model of the pathophysiology of Parkinson’s tremor. We propose that an interplay of dopaminergic inhibition from the retrorubral area and 
noradrenergic inhibition from the locus coeruleus can inhibit or activate the posterior ventrolateral nucleus, respectively. Whereby an activation, due to a preserved 
noradrenergic activation (intact blue line) exceeding degenerated dopaminergic inhibition (dashed red line), will lead to a pro-tremor brain output from the posterior 
ventrolateral nucleus to the cerebello-thalamic circuit. Abbreviations: cerebellum CBLM,; GPi, globus pallidus internus; LC, locus coeruleus; motor cortex MC; posterior 
ventrolateral thalamus VLp ; anterior ventrolateral thalamus VLa; retrorubral area RRA.
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 Abstract

Attention-deficit hyperactivity disorder (ADHD) and autism spectrum disorder (ASD) are major neurodevelopmental disorders affecting both 
men and women throughout life. They both have male-predominant prevalence ratios and are usually diagnosed during early childhood. 
Though when comparing diagnostic descriptions of ADHD and ASD, few commonalities are found. Additionally, the release of the fifth edition 
of the Diagnostic and Statistical Manual of Mental Disorders (DSM-5) allowed simultaneous ADHD and ASD diagnoses and the introduction to 
the concept of a “spectrum” of ASD. The DSM-5 now supports to firstly confer diagnosis of ADHD and/or ASD in adulthood with diagnostic 
behavioural descriptions that apply to all ages. Still, making a first-time diagnosis of ADHD and/or ASD in adults is a practical, developmental 
and clinical challenge. This article delineates the overlap and differences between ADHD and ASD, with a focus on misdiagnosis, late, or missed 
diagnosis while shedding light on the “lost generation” of adults with ASD and/or ADHD.

1Pre-master’s student Biomedical Sciences, Radboud university medical center, Nijmegen, the Netherlands

Introduction 

Attention-deficit hyperactivity disorder (ADHD) is a 
neurodevelopmental disorder that was first described in 1775 
[1]. It is found to be more common in men than in women 

[2]. This is supported by a meta-analysis of parent and teacher 
ratings which found a 2:1 male-to-female ratio in teens [2]. Other 
meta-analyses found that 5.9% of teenagers and 2.8% of adults 
meet the ADHD diagnostic criteria [2, 3]. It is important to note that 
adults do not necessarily ‘lose’ their diagnosis. These numbers show 
that prevalence rates tend to not be reflected in adult populations 
over time, as it is suggested in practice. The prevalence of ADHD in 
children and adolescents has not increased over the last 30 years [4]. 
Much less is known about ADHD, specifically in adults, but evidence 
demonstrates a more even male-to-female ratio of diagnoses in 
adulthood [5, 6].

Autism spectrum disorder (ASD) is also a neurodevelopmental 
disorder, with a constantly growing prevalence ever since it was first 
described by Leo Kanner [7]. Around 1% of the population in western 
countries across all ages are diagnosed with ASD [8]. Because ASD is 
still mainly characterised by early-onset difficulties, adults with ASD 
tend to be unrecognised [9]. Therefore, in the UK, a study estimated 
a weighted prevalence of ASD at 1.5% [9]. ASD also has a male-
predominant prevalence ratio, reported by a meta-analysis as 3:1 
(male-to-female) [10]. The age in which individuals get diagnosed 
with ASD diagnosis is broad, but tends to be greater for females than 
for males [11]. 

Based on current literature, genetic and environmental factors play 
substantial roles in aetiologies of both ADHD and ASD [12, 13]. 
So far, twin studies have documented high heritability for ADHD 
and have also confirmed the molecular polygenic background of 
ADHD [14-16]. For ASD, high heritability has been reported in twin 
studies as well [17, 18]. Studies have reported shared genetic liability 
of polygenic risk in ASD and psychiatric disorders, educational 
attainment, and academic achievement [19, 20]. 

What individuals with ADHD and/or ASD have in common, is that 
disorders are plagued with a male-biased understanding in clinical 
practice. This is due to longstanding underrepresentation of females 
in research [21-23]. Another commonality is the large body of 
literature concluding similarities of ADHD and ASD in genetic factors, 
cognitive profiles, functional, and structural brain characteristics 
[24, 25]. Nevertheless, extrapolation of these conclusions to all 
individuals with ADHD and ASD seems highly biased as studies on 
neurodevelopmental disorders continue to be strongly focused 
on childhood [24, 26, 27]. The previously mentioned points will 
be elaborated as this article aims to delineate the overlap and 
differences between ADHD and ASD, with a focus on misdiagnosis, 
late, or missed diagnosis while shedding light on the “lost generation” 
of adults with ASD and/or ADHD. 

Clinical presentation 
From the age of approximately 12 and older, differential rates of 
decline in clinical presentation of ADHD are seen [24]. Inattention 
remains relatively stable with a much more modest rate of decline 
in contrast to hyperactivity or impulsivity [28]. Hyperactivity or 
impulsivity tends to wane more strongly and remits more abruptly 
[29, 30]. Gender-specific differences are seen such as that female 
individuals are more likely to display a more ‘life-persistent’ form 
of ADHD [31]. This can be explained by the bigger likelihood of 
inattentiveness as a predominant symptom compared to males that 
persists through adulthood [32, 33].  Males tend to express typical 
overactivity [21], whereas females express more subtle hyperactivity-
impulsivity behaviours along with compensation and masking [34]. 
This statement is also supported by a large Danish nationwide study 
where the female sex was more often associated with internalising 
disorders and the male sex was associated with an increased risk for 
neuropsychiatric disorders [35]. 

ASD has been thought of as an even more life-long persistent 
disorder than ADHD [24]. Clinical presentation of ASD is characterised 
by social and communication problems, restricted, repetitive 
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behaviours, sensory abnormalities, and very specific interests [36, 
37]. Although ASD shows stronger stability in clinical presentation 
than ADHD, social problems seem the most persistent in adolescence 
and adulthood [38, 39]. For example, the well-known social problems 
in adolescents were presented by them spending their free time with 
very few engagements or activities with peers [24, 40]. A similar 
internalising behaviour pattern (i.e., masking and compensation) of 
females with ADHD is also found in females with ASD [41-43]. Surveys 
and qualitative studies highlight the ‘partly different’ clinical 
presentation in females, presenting the previously mentioned greater 
internalisation alongside higher social motivation and masking of 
ASD characteristics than in males [41-45]. 

During late adolescence, the co-occurrence of symptoms as 
suggested by previous studies is highest for both ADHD and ASD 
[24]. Correlations between ADHD and ASD in adolescence can be 
explained, as the strength of the relationship is driven by adolescent 
individuals who still have symptoms [46, 47]. The individuals in this 
developmental stage are influenced by impairments in social and 
executive functions, which were found to be particularly prevailing 
in this stage for both disorders [48, 49]. There are also common 
co-occurring disorders in adults suffering from ASD and ADHD (e.g., 
anxiety, depression, obsessive compulsive disorder, sleep disorders, 
and gastrointestinal problems) [36]. These common co-occurring 
disorders can be explained by shared pathophysiology and symptom 
dimensions of both disorders, and the consequences of living with 
either disorder [45, 50]. These co-occurring disorders and their 
impact on diagnosis and in the progression of adulthood will be 
further described. 

Diagnosis
This section highlights difficulties in adult and/or female diagnosis 
(i.e., diagnostic bias, misdiagnosis, and late diagnosis) by reviewing 
the diagnostic criteria of the fifth edition of the Diagnostic and 
Statistical Manual of Mental Disorders (DSM-5) [51]. The gold standard 
for diagnosing neurodevelopmental disorders is symptom-based 
categorical systems. DSM-5 allowed a first-time ever simultaneous 
diagnosis of ADHD and ASD [51, 52]. The diagnostic criteria of 
previous editions prohibited simultaneous ADHD and ASD diagnosis 
regardless of co-occurrences [13]. However, individuals with ASD and 
ADHD often do not completely fit within the diagnostic boundaries 

of a single disorder but show a mixed clinical presentation [51, 53, 
54]. Hence why previously mentioned overlap of ADHD and ASD 
symptoms in individuals is seen in practice [13, 55]. 

ADHD diagnostics are done by licensed clinicians who interview the 
patients and/or caregivers to document possible symptoms that may 
fit the criteria of an ADHD diagnosis [51]. ADHD cannot be diagnosed 
by one single test (i.e., by rating scale, a neuropsychological test, 
or brain imaging alone) [1]. Although the subjectiveness of the 
diagnosis has been criticised, ADHD meets the validity criteria of a 
mental disorder [56]. 

There are currently no clear existing biomarkers for ASD, hence, the 
diagnostic process of ASD consists of referral, screening, interviews 
with the patient and family members, and assessments based 
on the DSM-5 criteria [36, 51, 57]. It is important to note that 
the DSM-5 diagnostic criteria were designed for men, resulting 
in clinicians reporting reduced confidence in diagnosing ASD in 
non-male individuals [44, 58]. This practice may have, in part, led 
to misdiagnosis or late diagnosis of female individuals with ASD 
and ADHD [23]. For ASD specifically, there is a disproportionate 
probability of not receiving a clinical diagnosis for females who meet 
the criteria for ASD [10].  

When comparing diagnostic descriptions of ADHD and ASD, 
few commonalities are found. While individuals with ADHD are 
characterised by severe inattentiveness, hyperactivity, and 
impulsivity, ASD is contrastingly characterised by impaired social 
interaction and communication, along with restricted, repetitive 
behaviour and interests [51]. Additionally, the severity of ADHD/
ASD symptoms correlates to receiving an earlier diagnosis for both 
disorders [8, 50]. 

The challenges of specifically adulthood ADHD/ASD diagnosis can be 
classified into three groups. Firstly, in terms of practicality, the adult’s 
childhood caregivers might no longer be alive or in contact. Even 
in the case where the caregiver can be interviewed, there is a great 
probability of the caregiver’s recall bias due to decades being passed 
since the adult’s childhood, hindering the diagnostic procedure 
[21, 22, 50]. Secondly, so-called development of camouflaging as 
a compensatory strategy causes under-recognition by caregivers, 

Figure 1: A summary of the similarities and differences between clinical presentation for ADHD and ASD.
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family, teachers, and clinicians [22, 36]. Camouflaging is masking and/
or developing compensatory difficulties to fit more into social norms 
[45]. Lastly, clinical challenges can be explained as overshadowing 
ADHD or ASD symptoms by the widely reported high frequency of 
co-occurring disorders [24, 59].

In conclusion, lifespan development-based research can help bring 
awareness to the challenges of adult ADHD/ASD diagnosis due 
to bias in sex differences and extrapolation of conclusions from 
childhood research [24, 45].  

Management of core symptoms 
This section highlights only pharmacological and behavioural 
interventions since most non-medication treatments are less effective 
in reducing ADHD and ASD symptoms [28, 37]. Additionally, evidence 
for medication use in adults with ADHD and/or ASD is limited and, as 
previously mentioned, largely based on extrapolations containing 
mostly childhood studies [12]. Therefore, a brief overview is given 
on current treatment guidelines for both disorders for all ages where 
appropriate. 

Attention-deficit hyperactivity disorder management
The National Institute for Health and Care Excellence recommends 
methylphenidate in children aged 5 years and older, and 
lisdexamfetamine or methylphenidate for adults as first-line 
pharmacotherapy [60]. Psychological approaches are listed as the 
second option, with cognitive behavioural therapy for individuals 
with ADHD whose symptoms still cause significant impairment 
despite beneficial effects from medication [60].

Autism spectrum disorder management
Approximately two-thirds of adolescents with ASD have used 
psychotropic medication (i.e., neuroleptic drugs, antidepressants, 
and stimulants) as a form of pharmacotherapy [61]. Mandell et 
al. reported that 56% of individuals with ASD were prescribed 
at least one psychotropic medication, and 20% of individuals 
had a prescription of three or more, mostly to manage comorbid 
disorders [62]. In terms of psychological approaches, behavioural 
evidence-based interventions have been classified into two groups: 
comprehensive treatment models and focused interventions [61]. 
Comprehensive treatment is long-term, intensive, and focused on 
multiple core symptoms [63]. Focused interventions address one skill 
or goal for a shorter time period than comprehensive treatment [64].

Treatment of co-occurring ADHD and ASD
In current research, it is commonly believed that both disorders can 
co-occur, but less is known about the nature of the co-occurrence of 
ADHD and ASD. One scenario that was disputed is that one disorder 
leads to the other as the cause. This would mean that treatment 
of ADHD might improve symptoms of ASD as well. However, it 
appears to not be the case: noradrenergic reuptake inhibitors and 
psychostimulants appear to be effective in treating ADHD symptoms 
for individuals with a combined diagnosis but have no substantial 
effect on ASD symptoms [65-67]. 

In conclusion, treatment of ADHD and ASD is applied in the form of 
first-line pharmacological symptom management with eventually 
occasional simultaneous psychological approaches [60, 61]. 

Conclusion 
Despite large bodies of evidence for both ADHD and ASD, there is 
a lot more to learn about the disorders, specifically about diagnosis 

and management in adulthood ADHD/ASD. Lifespan development-
based research can help bring awareness to the challenges of 
adulthood diagnosis due to bias in sex differences and extrapolation 
of conclusions from childhood research. Future neurodevelopmental 
research should consider greater delineation between sex-related 
and gender-related effects in pursuit of more equitable clinical care. 
This will result in improved population representation and reduction 
of contextual bias and cases of under-recognition.
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CORRECT ANSWERS TO THE EXAM QUESTIONS

Answer question 1:
A. 4% of the colposcopies performed are unnecessary.

A false positive test result indicates that a person has a specific 
condition even though the person does not have it. A positive test 
that suggests the need for further examination while there is no 
condition present results in performing unnecessary diagnostic 
tests. For the HPV test for cervical cancer, 4% of the positive tests are 
women that do not have cervical cancer and, therefore, undergo an 
unnecessary colposcopy.

For further reading:
Bouter, L. M., Van Dongen, M.C.J.M., Zielhuis, G.A., Zeegers, M.P.A. 
Chapter 9: Diagnostiek en prognostiek in Kernboek - Leerboek 
epidemiologie, 7th edition (Bohn Stafleu van Loghum, 2016).

The exam questions can be found back on page 11 in this journal.
 

Answer question 2:
B. hypokalemia.

K+ is lost in small amounts through sweating, resulting in noticeable 
loss during heavy sweating caused by intense physical activity. 
After exercising, K+ released into plasma is quickly reaccumulated 
by skeletal muscles, resulting in an evident decrease in K+ during 
the start of recovery. Therefore, a hypokalemia is often seen after 
exercise.

For further reading:
Stehouwer, C.D.A., & Koopmans, R.P. Chapter 12: Zuur-basenevenwicht 
en kaliumhuishouding in Leerboek interne geneeskunde, 15th edition 
(Bohn Stafleu van Loghum, 2017).
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COLUMN: THE FUTURE IS NOW
Guus Brand1

Have you ever wondered what it would be like to live in the 
future? To be able to explore the Milky Way and travel between 
galaxies? To be able to lift buses with an exoskeleton and 

have other body augmentations that would give you superhuman 
powers? To have eradicated disease, hunger, poverty, and human 
misery and put in place robots to serve us food and drinks? Often, I 
find myself wondering what it would be like and marveling at all the 
possibilities for mankind. This image of the future might be slightly 
romanticised, but certainly not impossible or even improbable. For 
example, in his book Homo Deus, Yuval Noah Harari paints a similar 
picture of the future of mankind [1]. The future of medicine is more 
relevant to us but no less exhilarating. Imagine if we could inject 
nanorobots to cure cancer or recreate tissue to replace burnt skin. 

What if I told you that currently, we are living in this future? A review 
in Advanced Science in 2020 accurately describes the in vitro tests 
currently underway for the plethora of medical appliances of nano- 
and microrobots [2]. The development of artificial skin is proven to 
be hypothetically possible; only financial and time barriers currently 
exist [3]. But apart from these science-fiction sounding future 
possibilities, let us look at the achievements of modern medicine 
now. 

With an extensive vaccination program, we have completely 
eradicated smallpox from the face of the earth. Other diseases 
such as measles, mumps, rubella, and polio are all on the brink of 
extinction and do not need to cause any significant harm to people 
due to endless treatment possibilities. The greatest disaster to befall 
mankind, the plague, has been reduced to 1000-2000 cases a year 
worldwide, with a mortality rate that is six times lower than in the 
pre-antibiotic era [4]. Keep in mind that these numbers consider all 
different kinds of “plague”, not only the most famous one Yersinia 
Pestis, also known as The Black Death. But even more science-
fictionally, some estimate that the current generation will live well 
over 100 years old, we have developed bionic limbs, and we are 
making preparations for interplanetary travel.

We may not always realize it, but we are currently living in what 
seems the future. More accurately, we, the Western world, are 
living in this future. Because in Pakistan, Afghanistan, and Nigeria, 
polio is still endemic [5]. People from rural villages in Africa and the 
Polynesian islands might have never heard of an MRI scanner. In 
Bangladesh, some mothers are dependent on non-governmental 
organizations (NGOs) to provide maternal services during childbirth 
at home in the urban slums [6]. Students I have spoken to who have 
participated in clinical internships in third-world countries often 
say they are astounded by the sheer lack of everything healthcare 
providers have to work with in those countries. 

We, well off inhabitants of first-world countries, are lucky enough 
to already be living in the future. Maybe it is time that we shed 
our science-fiction vision of the future exoskeletons and body 
augmentations. Perhaps it is time that we see that the future should 
be that everyone has access to the same healthcare, amenities, and 
services that we do. After that, we can develop that drink-serving 
robot to be enjoyed by everyone.

I agree with Guus that the future is now! Technology is developing 
at a rapid pace and sometimes it is not easy to keep up. Most 
technologies have enormous potential to bring increased safety, 
security, and health benefits to people all over the world. However, 
translating innovations in just a way that everyone can benefit from 
it is, just like Guus describes, not easy. The challenge is often to align 
two different worlds that don’t speak the same language, and above 
all don’t have the same financial resources. 

At our institute, we incorporate best available research with clinical 
expertise and patient’s values to support clinical decision making. 
I know that a lot of the issues raised in our guidelines don’t match 
those in second- or third-world countries. For example, recently we 
introduced a new imaging modality for the diagnosis of prostate 
cancer, while in some countries prostate cancer does not appear in 
the national registries. 

As an early adapter, I am fascinated by all the new techniques that 
have been introduced in healthcare over the past few years. These 
techniques are pushing the boundaries of our healthcare systems. 
However, we cannot deny the inequalities around the world. I do 
think that it is our mission, to not only implement new techniques 
in our first-world systems, but also to introduce new treatments in 
second- or third-world countries. One cannot exist without the other. 
And of course, I am curious whether we could print a bionic limb in 
five years from now. 

Wouter Harmsen
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Anti-HIV medication dolutegravir now indicated 
safe to use in young children
Dolutegravir-based antiretroviral therapy is the current preferred 
treatment in adults and older children living with HIV. Waalewijn 
et al. (2022) set up substudies in several centres in South Africa, 
Uganda, and Zimbabwe, which were already participating in the 
ODESSEY trial. Before the Waalewijn et al. study, very little was 
known about the pharmacokinetic properties of the drug in younger 
children, preventing dolutegravir from inclusion in the treatment 
of small children living with HIV. The aim of the trial was to assess 
pharmacokinetic parameters and to establish a safety profile of 
dolutegravir in children weighing 3 to 20 kilograms. 

The children received daily doses based on weight bands: children 
weighing 6 to 10 kg received a 15 mg dispersible tablet of 
dolutegravir, children weighing 10 to 14 kg received 20 mg of 
dolutegravir, etc. Pharmacokinetic parameters, such as the trough 
concentration, Area Under Curve over one day, and maximum 
plasma concentration, among others, were measured in children 
who had taken dolutegravir for at least one week. The group focused 
on trough concentration as the primary pharmacokinetic outcome 
as this parameter is considered to be most strongly correlated with 
virological response.

The group reported 8 out of 72 children with trough concentrations 
below the in vivo EC90 of 0.32 mg/L, but all were above the in vitro 
IC90 of 0.064 mg/L. Safety data from 71 children showed that 19 
experienced grade 3 (severe) or higher adverse events, and 11 
experienced serious adverse events. Most adverse events were 
related to infectious diseases. These results have contributed to 
the approval of the use of dolutegravir as part of the first line of 
treatment for HIV in small children. In total, the authors collected 
data over a period of 2 years and published their findings in The 
Lancet HIV (Impact factor: 12.767) [2]. 

One year later: what are the clinical outcomes 
of those who survived ICU treatment for COVID-
19?
When COVID-19 first struck The Netherlands in 2020, a few unlucky 
patients infected during the first wave ended up in the ICU. Those 
who survived their fight in the ICU were included in a prospective, 
multicentre cohort study. One year later, the data collection was 
finished, and Heesakkers et al. presented their findings in the Journal 
of the American Medical Association (Impact factor: 56.272).

Out of 452 eligible participants, only 302 could be included, and only 
246 completed the one-year follow-up questionnaires. The follow-up 
questionnaires examined physical, mental, and cognitive symptoms 
through various scores and questionnaires. The ability to return to 
work was assessed as well. 

74.3% of the 245 responders reported physical symptoms, while 
26.2% reported mental symptoms, and 16.2% reported cognitive 
symptoms. There is considerable overlap, as 30.2% of the responders 
reported issues in at least 2 of the categories, while 10.5% reported 
symptoms in all three categories. Shockingly, 57.8% of the responders 

who were employed prior to their ICU admission reported they had 
not returned to the same hours of employment. This is considerably 
higher compared to patients who were admitted to the ICU for 
non-COVID-19 related reasons, as 43% of those patients reported 
problems with returning to work. The full effects of COVID-19 related 
ICU admission will likely only be visible after years [3]. 

Evidence for male infertility may be found in de 
novo mutations
While male infertility is not very common, only affecting 7% of the 
male population, a large fraction of the cases cannot be explained. 
Genetic causes appear to play a large role, but few diagnostically 
relevant genes have been found thus far. Adopting a mindset 
more common in neurodevelopmental disorder research, Oud et al. 
(2022) aimed to explore the effect of de novo mutations (DNMs) on 
male infertility in their paper published in Nature Communications 
(impact factor: 14.919). 

The group included 185 unexplained cases of low or no sperm count. 
Data were gathered from whole-exome sequencing of the patient as 
well as both their parents. In total, 192 unique DNMs were identified, 
of which only one was on the X-chromosome, while the others were 
autosomal. Within the 192 discovered DNMs, 145 resulted in altered 
proteins, none of which had been linked to male infertility thus far. 
Loss-of-function mutations seemed to play a large role in the DNMs. 
Using prediction methods, 84 of the DNMs were predicted to be 
pathogenic. After analysing the function of the proteins, a total of 29 
DNMs were classified as “possibly causative” for male infertility. In a 
separate study, six rare pathogenic missense mutations in the RBM5 
gene were observed in a cohort of infertile patients, while none of 
the control group had these mutations (p = 0.03).

Using these results, Oud et al. (2022) highlight the importance of 
DNMs in male infertility and suggest researching these genes in more 
depth to better understand fertility [4].

References
1. Anonymous. Onze impact in 2020. in, Vol.  (ed.^(eds. (Radboud 

UMC, 2020).
2. Waalewijn, H., et al. Dolutegravir dosing for children with 

HIV weighing less than 20 kg: pharmacokinetic and safety 
substudies nested in the open-label, multicentre, randomised, 
non-inferiority ODYSSEY trial. The Lancet HIV (2022).

3. Heesakkers, H., et al. Clinical Outcomes Among Patients With 
1-Year Survival Following Intensive Care Unit Treatment for 
COVID-19. JAMA 327, 559-565 (2022).

4. Oud, M.S., et al. A de novo paradigm for male infertility. Nat 
Commun 13, 154 (2022).

With over 3,000 publications each year, scientific research is a cornerstone of the Radboud university medical center [1]. In this section, 
recent high-impact papers – published by researchers from the Radboudumc – will be discussed.

RECENT HIGH-IMPACT PAPERS
FROM RADBOUDUMC RESEARCHERS
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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.

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.

General Board

Editorial Board

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

Dear reader,

Thank you for reading the twenty-third edition of RAMS. For this edition we joined hands with the Utrecht Student Journal (USJ). 
This has been a very innovative and exciting experience. I hope you have enjoyed the read and that this edition has given you an 
insight into (bio)medical research.

This academic year is coming to an end, as is my board year and position as vice-chair. I would like to thank our editors, reviewers, 
board members and all others who were involved for their hard work throughout the year. This edition happens to be our last 
edition as the eight board of RAMS. Looking back, this year has been very eventful. After lots of online meetings, masterclasses and 
networking events, we were finally able to have an activity on campus during our masterclass series. I am very happy to have been 
a part of the contribution.

Something I have learned this year that I would like to share with you, is that it is okay to not have an answer for every question. When 
research is completed and conclusions are drawn, it is understood that those findings are temporary. It can be said that science, as 
well as life, is always moving towards a deeper understanding. As Albert Einstein said: ‘If we knew what it was we were doing, it 
would not be called research, would it?’ 

Stay safe and take care.

On behalf of the eighth board of RAMS,

Muna Mahamed
Vice-chair of the eight board of RAMS 2021-2022

A Word from the Board of RAMS

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

Read our previous editions:

*Only with your supervisor’s permission
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