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perts in the field as it is today. Over the past few decades, most of the events that happened in relation

to viruses and bacteria in the most developed parts of the world have been largely predictable. Vaccines
for the prevention of infectious diseases were effective, as so were the antibiotics available for treatment. It was
difficult to get young physicians interested in the epidemiology of infectious diseases.

F or decades, there has never been a period in global health that was as unexpected and enigmatic to ex-

However, every few years, an unexpected epidemic would appear, caused either by a new or an already known
agent - such as SARS and MERS, or Zika and Ebola. However, due to the mode of transmission of these dis-
eases, it was quite feasible for epidemiologists to limit and then suppress them, thanks to the knowledge, ex-
perience and rules of treatment that have been documented throughout the history of medicine.

The phenomenon of nosocomial infections caused by specific microbes, which do not threaten people out-
side hospitals, but manage to persist among many immunocompromised patients within the hospitals, has
also come under the scrutiny of epidemiologists. They also grew increasingly concerned about the phenom-
enon of antibiotic resistance towards antibiotics, as some bacteria began to develop new mutations due to ir-
rational and excessive use of antibiotics in the treatment of people with fever, but also because of their use in
livestock and poultry.

However, the work on these global health issues over the past decades has been somewhat predictable. There
were fairly clear guidelines and plans laid out for their effective control, and therefore they did not attract much
attention from the general public.

The COVID-19 pandemic, however, was quite different. Unexpectedly, a completely new, unknown virus
appeared, which managed to gather all the properties that make the epidemiologist’s job of suppressing the
spread very difficult:

(1) it had a “time window” during which it could spread from the infected to the healthy before the infected
developed symptoms;

(2) it not only spread in cough-propelled droplets, but also by aerosol so that it could float imperceptibly in
the air, where anyone could inhale it;

(3) it spread atypically easily from person to person, so that in a short time it could lead to a huge number of
infected people, which health systems could not cope with, and important areas of human activities would
suddenly be left without a large number of workers;
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(4) the virus was not limited to humans, but rather spread easily to various animal species, gaining additional
opportunities for mutations; then, it could be reintroduced to humans, having acquired new mutations of
insufficiently known effect;

(5) it was an RNA virus, not a DNA virus; therefore, its mutation repair mechanisms were weaker and new
strains were formed faster. Evolution has directed these strains toward more and more contagious, and to-
ward increasingly successful in avoiding human immune responses, with uncertainty about whether new
strains will also lead to a more or less severe clinical picture.

The alpha strain, which originated in the United Kingdom, spread faster than the original Wuhan strain and
replaced it while being even more dangerous to human health. The delta strain, which originated in India,
spread even faster than alpha and was also more dangerous to health. The omicron strain, which originated
in southern Africa, spread even faster than the delta and replaced it, so it now completely covers the planet.
Fortunately for us all, in terms of health hazards, omicron mutated in a different direction, so it became sig-
nificantly less dangerous than the delta, but still remained deadly.
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Thanks to the combined effects of the COVID-19 vaccination globally, effective drugs such as Dexametha-
sone and Paxlovid, and exposure to previous waves among those who were infected, the omicron strain has
enabled us to reach the phase of the COVID-19 pandemic where — for the first time — epidemiologists do not
expect the next waves to cause as large numbers of deaths globally, as was the case in previous waves. It took
the global research community two and a half years to reach that point.

Today, expert estimates agree that in the several major waves of the COVID-19 pandemic so far, at least 15
million people have lost their lives worldwide [1,2]. In the United States alone, the figure of one million deaths
has been exceeded [3], which is even worse than the most pessimistic estimates made by experts there at the
very beginning of the pandemic [4]. Most deaths have never been documented in official reports of deaths from
COVID-19, but are clearly visible in increased mortality compared to expectations based on average mortal-
ity from pre-pandemic years [5,6].

After several waves of the COVID-19 pandemic, we have reached the first period in which epidemiologists -
thanks to a combination of effective vaccines, available drugs and acquired immunity among the population -
feel safer in preventing large numbers of deaths in the coming months. However, they are now faced with five
truly unexpected new puzzles, on which they will focus their scientific research in the coming months and years:

(1) The first conundrum, to which no one has an answer yet, is the question if we can now control COVID-19
in the long haul and prevent new waves of this pandemic that would cause further millions of deaths world-
wide? Unfortunately, this question cannot be answered today with complete certainty. The virus current-
ly mutates quite quickly and very often. Although we were all lucky that, while acquiring a significantly
higher ability to infect, the omicron was significantly less dangerous to human health than the immediately
preceding strains, it will continue to cause waves of infection while constantly mutating. No one can know
for sure whether, in time, a strain might appear that will be able to bypass our immune protection and be
clinically more dangerous. Even the current vaccines only prevent clinical infection and transmission to a
varying degree, although they do protect from more severe outcomes much better. Therefore, the absolute
global research priority is the development of an advanced vaccine, which will protect us against all possi-
ble strains of the SARS-CoV-2 virus. In addition, it would be ideal if such a vaccine could be administered
simply, e.g., by nasal inhalation, and boost longer-lasting immunity to SARS-CoV-2 in comparison to the
current vaccines. Until such a vaccine is developed, any new antiviral drug, such as Paxlovid, will also be
of great help [7]. Therefore, despite the current respite, the work for the research community to ensure
control over the COVID-19 pandemic is still not complete.

(2) Another riddle, to which no one still has a definite answer, is - why do some people with COVID-19 de-
velop unusual symptoms, lasting for months - the so-called “long COVID” [8]? These people have signifi-
cantly reduced work capacity and quality of life. How could we recognize such patients, and how to cure
their symptoms? Understanding “long COVID” and its effective treatments, or even prevention, will be
significant research priorities in global health this year and likely in the future years.

(3) The third open question, which is increasingly troubling, is why has COVID-19 significantly increased the
long-term risk of many diseases, such as heart attack and stroke, diabetes, blood clots, psychological dis-
orders and various other already known diseases in those who were infected, especially if they were hospi-
talized [9,10]? Will this risk remain increased in the long term, or will it return to expected levels over the
years? If the risk remains increased for many years, it will eventually lead to a shortening of life expectancy
at the level of entire countries. This is another indicator to closely monitor in future years.
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(4) The fourth mystery, which has been widely reported in recent weeks, is the unusual epidemic of hepatitis
in children. So far, it affected at least 176 children in the UK and more than 500 worldwide [11]. Is it, in
some way, related to the COVID-19 pandemic? s it caused by an adenovirus, or perhaps SARS-CoV-2, or
their combined action? An alternative hypothesis is that this could just be an unusual, difficult-to-explain,
transient epidemic of a virus, which we were able to record only because of the significantly increased in-
terest in infectious diseases and their control during the COVID-19 pandemic. No one has a definite an-
swer to that question yet.

(5) The fifth conundrum is the appearance of monkeypox in an increasing number of cities in developed
countries outside Africa, among people who may not all be clearly interconnected, nor have they travelled
to Africa. So far, more than 100 cases have been confirmed in Europe, North America and Australia [12].
Fortunately, the first genomic analyses have shown that it is the milder of the two strains circulating in Af-
rica, and they seem to imply a common origin, at least so far [13]. The West African strain, which seems to
be implicated, is quite mild, while the one from Central Africa is much more dangerous. Also, the spread
of this disease is expected to be quite different from COVID-19 and it should be more easily containable,
while the stockpiled smallpox vaccines may also be deployed to assist in breaking the chains of transmis-
sion. The question remains - does this epidemic have anything to do with COVID-19, or not at all? We'll
gradually find out.

Since the end of March 2020, there has been an extremely high degree of consensus in the scientific community
in interpreting all new information on COVID-19. The countries that knew how to use this information well
have kept mortality from COVID-19 to a minimum and also protected their economies from a larger down-
turn, while requiring varying degrees of changes in lifestyle from their citizens.

Thanks to the global health research community, and the exchange of information among its experts, we have
gained the necessary knowledge that currently reduces the impact of the COVID-19 pandemic. We now have
accurate estimates of the effectiveness of various measures that can mitigate the spread of the virus, we know
the benefits of dexamethasone, the effectiveness of various vaccines against various strains of the virus, as well
as the effects of early administration of Paxlovid. With all these interventions, the risk of dying from COV-
ID-19 disease is now generally reduced by at least ten times compared to the onset of a pandemic — in older
age groups even more [14].

In two and a half years, the global health research community and the pharmaceutical and biotechnological
industries managed to protect many people from dying from COVID-19 and finally bring large parts of the
world back to a pre-pandemic lifestyle. What is especially gratifying is knowing that modern science has all
the tools available to also provide many answers to all these five emerging research questions in the coming
months and that it will most likely succeed in answering them, too.
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