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Introduction

The severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) virus was first
described as the causative agent of acute respiratory infection in an outbreak in
Waubhan, China, in the last months of 2019 [1]; this infection was later named corona-
virus disease 2019 (COVID-19). The virus rapidly spread worldwide to create a
global pandemic, including more than 500 million diagnosed infections and 6.3 mil-
lion deaths, as of June 2022. The SARS-CoV-2 virus is a small RNA virus belongs
to the coronaviruses family, which consists many viruses, mostly infecting animals
but not humans. Other human affecting coronaviruses are very common and known
to cause mild upper respiratory infections. Two of the viruses in this family have
caused global outbreaks in the past, SARS-CoV-1 (previously SARS) in 2003 and
the Middle Eastern respiratory syndrome coronavirus (MERS-CoV) which have
caused several outbreaks since 2012. Contrary to most human coronaviruses who
cause a very mild disease, the SARS-CoV-1 and MERS-CoV can cause severe dis-
ease with high mortality approaching 30%. The global spreading of COVID-19 has
caused an immense effect on global health, finance, and geopolitics, and some of the
data we know so far will be discussed in this chapter. Since its discovery in 2019,
many mutations were found in the viral RNA, and accumulation of several mutations
creates different viral variants that have distinct clinical and immunologic character-
istics. The WHO has decided to classify and name the variants by Greek letters. The
original virus is known as the wild type, and the common variants are the alpha, beta,
delta, and omicron. The gradual emergence of these variants created the wavy pattern
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of the pandemic, where a rise in morbidity is stopped by preventive measures and a
certain immunity of the population, only to rise again after several months due to the
development of a new variant [2]. In general, newer variants are more infective than
their preceding and tend to cause a less severe disease.

Modes of Transmission

As a respiratory pathogen, the main mode of transmission of COVID-19 is through
respiratory secretions. Similar to most respiratory pathogens, the virus particles can
be found in respiratory droplets causing person-to-person transmission in close con-
tact circumstances. The duration and distance during exposure to a positive person
will affect the probability of transmission, so household exposure will more likely
lead to infection than a short random outdoor encounter [3]. High viral loads are
found in the first few days of infection, after 2-3 days of incubation, and levels
decline after several days in immunocompetent persons. Additionally, two other
modes of transmission were highly studied during the pandemic. First, as in the
outbreaks caused by other coronaviruses, some virus particles can be spread through
aerosol, which are much smaller droplets that can be transmitted to a longer dis-
tance and stay in the airborne for longer time [4]. Studies have shown that most of
the virus is not carried by aerosol; however some medical procedures do, for exam-
ple, endotracheal intubation and extubation, bronchoscopy, or open suctioning of
airway secretions [5]. Another suspected mode of transmission is through contact,
which is common in other respiratory infections, as virus-containing droplets fall on
close surfaces and fomites, including hands, which can be also directly contami-
nated by touching the mouth or nose. This route is related to a small part of trans-
missions, mainly because the virus can stay infective only for several hours on dry
surfaces [6]. The infectivity of the virus, measured by the average number of people
any positive person infects (also called R0), is much higher than the Influenza virus
or other common respiratory viruses [7]. A major reason for this high infectivity is
the pre-symptomatic [8] and even asymptomatic transmission of COVID-19 [9],
which assisted in the global spread of the pandemic.

Infection

SARS-CoV-2 is mainly a respiratory pathogen, as the virus invades and replicates
in the mucosa of the naso- and oropharynx. In some cases, however, the infection
progresses to the lower respiratory tract, to create pneumonia that can be mild but
also severe and life-threatening [10, 11]. The symptoms of most patients are related
to the upper and lower respiratory system and include cough, sore throat, and
coryza, as well as systemic symptoms such as fever, malaise, headache, and loss of
appetite. Loss of taste and/or smell was frequently reported with the first few vari-
ants but had become a rare phenomenon with the omicron variant. The virus can
cause some manifestation out of the respiratory system, including myocarditis,
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gastrointestinal symptoms, and hyper-coagulation, mainly pulmonary emboli,
stroke, and coronary disease. Risk factors of progression to severe disease are older
age, immunosuppression (mainly in the humoral system), obesity, and chronic lung
and cardiovascular pathologies. The main feature of severe COVID-19 is the acute
respiratory distress syndrome (ARDS) complicated by multi-organ failure, mainly
renal. Duration of symptoms in mild cases is usually 5 days or less in the immuno-
competent, but can be much longer in immunocompromised patients. Some symp-
toms may persist longer, such as cough or loss of taste and/or smell. Post-COVID-19
symptoms, such as fatigue, shortness of breath, or memory loss, were described in
many recovered patients. A rare inflammatory phenomenon, multisystem inflamma-
tory syndrome, had developed in adults and children following COVID-19, result-
ing in high mortality [12].

Diagnosis

Clinical diagnosis of COVID-19 infection is challenging, as most patients present
mild non-specific symptoms. Epidemiological data, such as rate of COVID-19
infection in a specific area, or close contact with a known case can assist in this
diagnosis. The gold standard of laboratory testing is the real-time PCR, performed
on nasopharyngeal and oropharyngeal swabs or on respiratory secretions. PCR tests
have very high sensitivity and specificity, but are limited by high costs, long turn-
over times, and the need for expensive equipment and supplies. Lateral flow antigen
tests provide rapid and cheap results and do not require trained laboratory techni-
cians, but their sensitivity is 30-40% lower than for RT-PCR, depending on whether
tested subjects are symptomatic [13]. This lower sensitivity has some advantages, as
RT-PCR can detect residual viral RNA sometimes weeks after the infection.
Serology tests are rarely used for diagnosis of acute infection, as IgM titers rise only
1-2 weeks following an infection. IgG antibody titers, however, can be useful in
identifying previous infections. Anti-S antibodies can be found in previously
infected and vaccinated persons, so anti-N antibodies should be measured to dis-
criminate between these populations, as they do not rise after vaccination.
Unfortunately, serologic tests cannot be used yet for assessment of protection from
reinfections, as they represent only one part of a complex immune response.
Additionally, antibodies against one variant might not be protecting against others.

Treatment

The majority of COVID-19 positive persons develop only a mild disease and require
no therapy except bed rest and anti-pyretics. Sicker patients may need oxygen sup-
plement and the use of noninvasive or invasive ventilation. These patients should get
adequate supportive care as well. Due to the hyper-coagulation produced by the
infection, all hospitalized patients are given prophylactic anticoagulation, mainly
low-molecular-weight heparin, to prevent severe thrombotic complications [14].
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Since the first appearance of SARS-CoV-2 in 2019, many anti-inflammatory medi-
cations were suggested to mitigate the disease progression. The most successful
drug group is corticosteroids, and most of the moderate and severe patients receive
them, mainly dexamethasone, which was proven in the multi-center, international,
RECOVERY study [15]. Other options, such as anti-IL-6 agents, may have a role in
some cases [16]. Secondary infections are described in many COVID-19 patients.
Few are respiratory co-infections, which can be bacterial, viral, or fungal, others
hospital-related infections [17].

Antivirals

The search for effective antiviral medications to treat COVID-19 is still in progress;
however several such drugs have already been used on millions of patients.
Remdesivir is an adenosine-analogue that stops viral RNA transcription. Its effec-
tiveness was proven in shortening time to recovery in moderate and severe disease
and in preventing disease progression in high-risk patients with mild disease [18]. It
is administered intravenously, making its use in non-hospitalized patients difficult.
Two oral antiviral agents, Paxlovid (ritonavir-boosted nirmatrelvir) and Lagevrio
(Molnupiravir), are effective in preventing disease progression in high-risk patients,
when given in the first 5 days of the disease [19, 20]. Several other agents were sug-
gested as treatments; some existing medications such as ivermectin, hydroxychloro-
quine, or azithromycin; and some novel agents, which all failed in controlled clinical
trials. Antibody transfusion, by either plasma of recovered patients [21, 22] or syn-
thetic monoclonal antibodies [23], has been used in different clinical scenarios with
mixed results, depending also on the current SARS-CoV-2 variant.

Prevention

Governments and health organizations worldwide have made many efforts to delay
the spread of COVID-19 since its first appearance in China. These efforts include
restriction on international travel, indoor and outdoor gatherings, and even work
places, public transportation and schools, and even curfews in some countries. Most
importantly, mandatory isolation of COVID-19-positive persons and quarantine of
susceptible contacts were deployed in order to interrupt the chains of infection,
including active tracing of contacts [24, 25]. Additionally, the use of facemasks by
the general public was promoted by many authorities. Despite these and other mea-
sures, the virus did spread worldwide in the first months of 2020; however this
global effort did slow down the progression of the pandemic and allowed the health
services to function amidst the worst pandemic waves. Since some virus can be
transferred via aerosol, some authorities have recommended the use of N95 or simi-
lar highly effective respirators; the difficulty in wearing these correctly and consis-
tently and the demand for these by medical organizations support the use of regular
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(surgical) facemasks. Reusable cloth facemasks, while being better for the environ-
ment, were proven to be less effective [26]. Protective measures include contact and
droplet protection, i.e., gown, gloves, facemask, and eye protection, with addition of
NO5 or similar respirators when exposure to aerosol is expected. The use of such
equipment had increased the burden on the healthcare workers, but had saved many
infections worldwide [27].

Vaccination

Immediately after the publication of the SARS-CoV-2 RNA sequence, the race
for vaccine development began. By the end of 2020, several vaccines were avail-
able for use or at late production stages. Two vaccines, Comirnaty (BNT162b2)
and Spikevax (mRNA-1273), were developed based on a novel mRNA vaccina-
tion technology and have shown very high effectiveness in preventing symptom-
atic disease, complications, and mortality in the first months after the first two
doses [28-30]. Other vaccinations, such as the ChAdOx1, Ad26.COV2, Gam-
COVID-Vac (known as Sputnik V), and others, are based on older and more
studied vaccine technologies and have shown moderate-to-high effectiveness.
Vaccine effectiveness and safety was proved primarily in adults, and the data had
gradually expanded to younger ages. Special populations, including immuno-
compromised and pregnant persons, can also be vaccinated safely [31]. This pro-
tection starts to wane after several months, and a booster dose is necessary to
maintain population immunity [32, 33]. Mass vaccination operations were per-
formed in many countries, and billions of vaccine doses were given. Despite the
high efficacy of the vaccines in preventing mortality and complications, their
ability to prevent infection is limited, at best. Studies show that vaccinated indi-
viduals that were infected can secrete similar amounts of infective virus particles
as the non-vaccinated. Additionally, vaccine efficacy is lower for newer variants,
similar to the natural immunity of recovered persons. Newer and broader vacci-
nations are being developed. Common vaccine side effects include local pain,
malaise, and even fever in mRNA vaccine recipients and regional lymph node
enlargement or myocarditis in rare cases [34]. Vaccine-induced thrombotic
thrombocytopenia is another rare syndrome, associated with the Ad26.COV2 and
ChAdOx1 vaccines, characterized by venous or arterial thrombosis associated
with thrombocytopenia and detectable anti-platelet factor 4 antibodies [35].
Another type of vaccines is passive immunizations. Evusheld, a mixture of two
synthetic antibodies (Tixagevimab and Cilgavimab), can create effective protec-
tion in immunocompromised persons if given prior to their exposure to SARS-
CoV-2. New vaccinations, with the ability to generate sustained protection
against infection, are needed in order to eliminate this infection. It is more likely,
however, that the SARS-CoV-2 will become a part of the ensemble of human
respiratory infections.
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