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Abstract

Keywords

SARS CoV-2 is a coronavirus  rst identi  ed in November-December 2019 in Wuhan, China that 
causes respiratory infections of varying severity. Spreading rapidly in human populations, SARS 
CoV-2 has caused concern worldwide, and on 11 March 2020 the World Health Organization declared 
a pandemic with the virus for two months, with most countries entering a lockdown period between 
March and May 2020 in the hope of stopping the spread of the virus. The main symptoms of SARS 
CoV-2 infection include fever, cough, shortness of breath and fatigue, but less common symptoms 
such as loss of smell and taste and gastrointestinal disturbances including vomiting, lack of appetite, 
diarrhoea, etc. are also reported. From March 2020 to March 2023, there were eight waves of increas-
ing numbers of infections, the largest being the sixth wave between January and April 2022. The total 
number of deaths also followed roughly the same trends with the increase in newly con  rmed cases. 
As an RNA virus with RNA-dependent RNA polymerase, SARS CoV-2 mutates frequently, lead-
ing to the stabilisation of several variants: B.1.1.7 (Alpha), B.1.351 (Beta), P.1 (Gamma), B.1.614.2 
(Delta), B.1.427 and B.1.429 (Epsilon), P.2 (Zeta), B1.525 (Eta), P.3 (Theta), B.1.617.1 (Kappa) and 
C.37 (Lambda). The severity of some cases and the intense spread in human populations around the 
world has led the scienti  c community to focus its e  orts on developing e  ective vaccines against 
SARS CoV-2, with nine approved vaccines being developed, BNT162b/2, mRNA-1273, AZD1222 
Covishield, Sputnik V rAd26 rAd5, Ad26. CoV.S JNJ-78436735, COVAXIN BBVI52, Corona Vac, 
NVX-CoV2373 Covavax and BBIBP-CoV vaccines, with which a large part of the global population 
has been immunised.
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Introduction
SARS CoV-2 viruses. SARS CoV-2 (Severe Acute Re-

spiratory Syndrome Coronavirus-2) viruses are members of 
the family Coronaviridae, order Nidovirales, genus Corona-
virus, with numerous members, which cause respiratory and 
gastrointestinal infections. Coronaviruses are enveloped vi-
ruses and infect a wide variety of wild and domestic animal 
hosts and humans [1] (Fig. 1). They are classi  ed into four 
major genera, Alphacoronavirus, Betacoronavirus, Gamma-
coronavirus, and Deltacoronavirus [2, 3], have a pleiomor-
phic appearance, ranging in size from 80 to 160 nm [4].The 
name coronavirus comes from the protein projections on the 
surface of the virions, which are shaped like a brood and, 
under the electron microscope, give them the appearance of 
a crown (in Latin, corona means crown) [5].

Coronavirus genome
Coronaviruses have a large, unsegmented, positive-

sense, single-stranded RNA genome ranging in size from 
27 to 32 kb (kilobases) [4], capped at the 5’ end, with a 
poly-A sequence at the 3’ end and 6-11 open reading frames 
(ORFs). Thus, ORF 1 covers approximately 67% of the vi-
ral genome and comprises two overlapping coding regions 
encoding 16 non-structural proteins. The remaining 33% of 
the genome comprises the remaining ORFs, which encode 
structural proteins and accessory proteins [6].

SARS Cov-2 virus genome
The SARS CoV-2 genome (Fig. 2) is almost 30 kb long 

and encodes 29 proteins, four of which are structural and 
25 putative non-structural and accessory proteins. The four 
structural proteins are used during virion assembly and en-
ter into the composition of mature viral particles, the non-
structural proteins have an enzymatic role and are involved 
in viral RNA replication and immune evasion, and the ac-
cessory proteins are involved in viral infectivity, virion sur-
vival and cell propagation. At the 5’ end, the SARS CoV-2 
genome includes the replicase gene, with two non-overlap-
ping ORFs, ORF1a and ORF1b, covering about two-thirds 
of the genome, followed by several ORFs towards the 3’ 
end, including spicular glycoprotein (S), membrane glyco-
protein (M), envelope glycoprotein or hemagglutinin es-
terase (E) and nucleocapsid protein (N). Of these, the S, E 

and M glycoproteins protrude into the virion membrane, the 
spicular glycoprotein forms those strands that give virions 
their crown-like appearance under the electron microscope, 
and the nucleocapsid protein is embedded in the envelope 
and packages the RNA genome. Other ORFs, 3a, 3b, 6, 7a, 
7b, 9a, 9c, 10 and others up to 29 encode accessory and non-
structural proteins [7]. Translation of ORF1 results in the 
replicase polyprotein 1a, pp1a, and the -1 shift of the ribo-
somal frame at the 3’ end of ORF1a contributes to translation 
of ORF1b and synthesis of the replicase polyprotein pp1ab. 
Proteolytic cleavage of pp1a gives rise to 11 functional 
non-structural proteins, whereas pp1ab cleavage gives rise 
to 15 non-structural proteins. Thus, nonstructural protein 1 
interacts with ribosomes in infected cells and inhibits the 
production of host proteins, nonstructural protein 2 can in-
terfere with viral transcription and translation by interacting 
with ribosomes and replication-transcription complexes [8]. 
Non-structural protein 3 includes several domains, ubiquit-
in-like, nucleic acid-binding macrodomain (found only in 
SARS), transmembrane (with a role in the rearrangement of 
endoplasmic reticulum membranes, for the formation of the 
vesicle double membrane and for promoting viral replica-
tion), Y1-3 and a papain-like proteolytic sequence (PLpro) 
and, by cleavage into three sites, forms nonstructural pro-
teins 1, 2 and 3, while nonstructural protein 5 or major pro-
tease (Mpro) and, by cleavage pp1a and pp1ab into 11 sites, 
gives rise to nonstructural proteins 4–16 [9, 10]. Nonstruc-
tural proteins 7 and 8 interact with nonstructural protein 12 
and stimulate RNA polymerase activity. Non-structural 
proteins 7–16 contribute to SARS CoV-2 transcription and 
replication by forming the replication and transcription 
complex, nonstructural protein 9 inhibits the nucleotidyl-
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transferase activity of the nonstructural protein, nonstruc-
tural protein 10 is a cofactor for nonstructural proteins 14 
and 16, non-structural protein 12 is RNA-dependent RNA-
se and nucleotidyltransferase, non-structural protein 13 is 
helicase, non-structural protein 14 is exoribonuclease and 
N7-guanine methyltransferase, non-structural protein 15 
has uridine-speci  c endoribonuclease activity, and non-
structural protein 16 is 2’-O-methyltransferase, which is 
involved in the mRNA cap process. Structural protein N 
serves to package the viral genome, and the structural pro-
teins on the viral envelope have the following functions: 
protein S is involved in the binding of receptors such as the 
angiotensin-converting enzyme or angiotensin-converting 
enzyme II (ACE2) on host cells and in the fusion of the 
envelope to the cell membrane; proteins M and N promote 
viral assembly, and protein E forms an ion channel with a 
function in pathogenesis and viral assembly. The remaining 
ORFs have an accessory role. Thus, ORF3a forms a homo-
dimer and forms an ion channel in the host cell membrane; 
ORF7a participates in the evasion of host immune e  ectors 
and is involved in in  ammation; ORF7b promotes increased 
virulence of SARS-CoV-2; ORF8 interacts with HLA-A/
CMH I molecules, degrading them; ORF9b is involved in 
suppressing the interferon response, and ORF3b, ORF6, 
ORF9c and ORF10 have unknown functions [11].

SARS CoV-2 multiplication cycle
The multiplication cycle of SARS CoV-2 (Fig. 3) be-

gins with the triggering of mucopolysaccharidase activity 
of the viral spicules on the glycocalyx layer, which covers 
and protects the apical pole of the epithelial cells, exposing 
the cell receptors, to which it becomes bound. SARS CoV-2 
spicular glycoprotein S has 71% amino acid sequence ho-
mology to SARS-CoV glycoprotein S and 97% homology 
to RaTG13 virus isolated from bats, explaining the cross-
species spread of these viruses. After binding of the spicu-
lar protein S on the virion surface to cell receptors and fu-
sion of the envelope to the cytoplasmic membrane, the viral 
nucleocapsid is endocytosed in the cytosol [1]. Under the 
action of proton pumps, the environment in the endocytosis 
vesicle (endosome) becomes acidic, favouring the cleavage 
of spikelets into S1/S2 and S20 sites by furin, present in the 
lungs, liver and small intestine, for which the virus shows 
tropism [12, 13]. 

The viral genome is associated with the replication and 
transcription complex and is transcribed into negative (an-
tigenomic)mRNA in a set of seven subgenomic-length vari-
ants, each with the same 5  leader sequence of 75-78 nucle-
otides derived from the 5  end of the genomic RNA and the 
3  terminal sequence, with the 5  leader sequence remaining 

Spike glycoproteins

ACE2

TMPRSS

Endocytosis

Fusion of the viral envelope 
with the cell membrane

Endocytosis vesicle

Nucleocapsid

Viral
proteins

Golgi 
apparatus

Rough 
endoplasmic 

reticulum

Vesicle
of exocytosis
containing 
new virions

Fusion of the exocytosis vesicle 
with the cell membrane Exocytosis

New virions
release

CELL 
MEMBRANE

EXTRACELLULAR
SPACE

CYTOSOL

Replication
complex

Virion
assembly

Fig. 3. Multiplication cycle of SARS CoV-2.



SARS CoV-2 virus and the COVID-19 pandemic worldwide and in Romania

3733

associated with RNA polymerase and being transcribed into 
all mRNA types. Structural proteins S, M and E are synthe-
sized and inserted into endoplasmic reticulum membranes, 
passing to the Golgi complex, and protein N, synthesized by 
free polyribosomes, becomes associated with genomic RNA 
and forms the nucleocapsid [14].

By budding from the endoplasmic reticulum and cister-
nae of the Golgi apparatus, this assembly is covered with 
envelopes, becoming virions, in which form they are trans-
ported in exocytosis vesicles to the cell surface, where they 
are released [15].

SARS CoV-2 pandemic

Origin of SARS CoV-2
SARS CoV-2 is the ninth coronavirus to infect humans 

and the seventh identi  ed in the last 20 years. Since all previ-
ous human coronaviruses are of zoonotic origin and the pen-
etration of SARS CoV-2 into the human population does not 
appear to di  er from their penetration (SARS-CoV spread 
in November 2002 in Foshan, Guangdong Province, China, 
and in 2003 in Guangzhou, Guangdong Province, China), 
the transmission of SARS CoV-2 to humans is regarded as a 
natural interspeci  c transmission event. The source of SARS 
CoV has been identi  ed as the cages and raccoon dogs sold 
in live animal markets in these cities, whereas the source of 
SARS CoV-2 appears to be bats (based on the 97% homology 
of SARS CoV-2 spicular proteins with those of bat RaTG13) 
sold in the Wuhan market. The hypothesis of zoonotic trans-
mission is also supported by similarities between SARS 
CoV-2 and four endemic human coronaviruses, human cor-
onavirus-OC43 (HCoV-OC43), human coronavirus-HKU1 
(HCoV-HKU1), human coronavirus-229E (HCoV-229E), 
and human coronavirus NL63 (HCoV-NL63), transmitted 
from animals but with no known circumstances of trans-
mission. The hypothesis of SARS CoV-2 escape from the 
laboratory has been considered, but its low pathogenicity 
in commonly used laboratory animals and the absence of 
genomic markers associated with virus adaptation to them 
indicate that this event is unlikely [16]. 

SARS CoV-2 pandemic in the world
On 17 November 2019, China reported the  rst con-

 rmed case of infection from an unknown virus [17, 18], 
with a 95% con  dence interval, dropping to no earlier than 
4 October [18]. Initially, this was named 2019-nCoV, and 
later SARS CoV-2 (Severe Acute Respiratory Syndrome 
Coronavirus-2). The  rst con  rmed case was a woman who, 
according to the epidemiological pathway, contracted it in a 
market in Wuhan city (Hubei province) where live animals 
were sold. On the other hand, a retrospective study reports 

the onset of the  rst known case of 2019-nCoV infection on 
8 December 2019 [7], with the  rst cases positioned in the 
second part of November 2019 and the  rst part of Decem-
ber 2019. By the end of 2019, the virus had already spread to 
some extent in the human population, and in December 2019, 
several health facilities in Wuhan reported the diagnosis of 
pneumonia of unknown etiology in several people, but which, 
similar to patients with SARS-CoV (Severe Acute Respira-
tory Syndrome Coronavirus) and MERS-CoV (Middle East 
Respiratory Syndrome Coronavirus), the coronaviruses that 
had produced small-scale outbreaks in 2002–2003 and 2012, 
had symptoms of viral pneumonia, including fever, coughing
and chest discomfort [19],  and severe cases, dyspnea and 
bilateral pulmonary in  ltration. Although uncon  rmed, 
2019-nCoV has been predicted to represent the causative 
agent of this pneumonia [20]. Genome sequencing of the 
novel viral agent was performed soon after its identi  ca-
tion, and the  rst sequence was published a day after con-
 rmation, on 10 January, by Yong-Zhen Zhang [21–23] 

and researchers at Fudan University in Shanghai, with  ve 
more sequences published on 11 January. The publication 
of the sequences has enabled the beginning of the search 
and identi  cation of the SARS CoV-2 genome worldwide. 
The  rst hospitalized cases of 2019-nCoV infection in 
China were identi  ed in people frequenting the Huanan 
Seafood Wholesale Market in downtown Wuhan, where 
seafood, poultry and several wildlife species were sold. 
As of 17 January 2020, 62 cases had been con  rmed in 
China, two cases in Thailand and one in Japan, but in re-
ality the number of existing cases may have been higher, 
a situation proven by the identi  cation on 19 January of 
a batch of 136 cases in Wuhan, 126 with mild symptoms, 
35 in serious condition and 9 in critical condition, bringing 
the total number of cases in China to 198 [24], following 
the development of diagnostic tests for infection with the 
new coronavirus. Symptomatology was complemented by 
fever, dry cough, shortness of breath and leukopenia, and 
severe cases required extracorporeal membrane oxygen-
ation. At that time, 26 deaths had been recorded, many with 
comorbidities and aged over 50 years. Compared to SARS-
CoV, in which mortality had been 10%, and MERS-CoV, in 
which mortality had been 35%, 2019-nCoV appeared, at the 
start of the pandemic, to be less virulent, a  ecting mainly 
older people and those with pre-existing conditions [20]. 
Soon, several cases unrelated to Huanan Seafood Wholesale 
Market were identi  ed, with some contracting the infection 
in health care facilities, proving human-to-human transmis-
sion [7, 23], especially favored by New Year’s travel, contrib-
uting to the spread of the infection to other areas in China [23].
As new cases were continuously identi  ed, on 30 Janu-
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ary, the World Health Organization declared a global pub-
lic health emergency and the new virus was recognized as 
having epidemic potential [25, 26], on 11 February 2020, 
the name of the virus was changed to SARS CoV-2, and the 
disease caused by it was named COVID-19 [27]. 

The spread of SARS CoV-2 infection has continued 
apace, and in mid-February it reached pandemic levels in 
China, with more than 3,000 cases a day, after the city of Wu-
han was shut down on 23 January. In the following weeks, 
outdoor activities, gatherings and travel were restricted, in 
many localities in China, leading to a reduction in the num-
ber of cases in the country [28, 29]. However, the frequency 
of international travel has allowed the spread and spread 
of SARS CoV-2 infection to many countries around the 
world, prompting the World Health Organization to declare 
a COVID-19 pandemic. The next outbreaks where the rapid 
expansion of the virus occurred were in Europe, particularly 
Italy (as of 11 March 2020, there were 10 149 con  rmed cas-
es and 631 deaths in infected persons), Iran (as of 11 March 
2020, there were 8 042 con  rmed cases and 291 deaths in in-
fected persons) and South Korea (as of 11 March 2020, there 
were 7 755 con  rmed cases and 60 deaths in infected per-
sons), with 696 cases of infection and 7 deaths con  rmed on 
the International conveyance (Diamond Princess). Globally, 
37 364 con  rmed cases of infection and 1 130 deaths were 
reported, of which 4589 cases of infection and 258 deaths 
were reported on 11 March 2020 alone [25].

As of the second half of February 2020, the measures 
taken in China have been successful, with the country 
managing the SARS CoV-2 infection well, and in the fol-
lowing months, other countries have followed suit and 
closed down, limiting contact between residents to a mini-
mum. Although in February-March 2020, Europe was the 
leader in terms of the number of con  rmed cases of SARS 
CoV-2 infection, since April 2020, it has been overtaken 
by North America, with the United States of America as 
the main exponent, where the number of SARS CoV-2 
cases has exploded, and since June 2020, also by Asia. 
Thus, at the end of June 2020, globally, there were a to-
tal of 10 112 754 con  rmed cases of coronavirus infec-
tion (with 159 964 new cases), of which 501 562 deaths 
(3 043 deaths were new). Five months later, on 11 Au-
gust 2020, a total of 20 274 865 COVID-19 cases and 
807 530 deaths were reported globally, with 222 318 cas-
es and 5701 new deaths recorded on 11 August 2020. 
The end of 2020 found humanity in the midst of the SARS 
CoV-2 pandemic, which had already seen three waves of in-
creasing numbers of cases of infection in February–March, 
June–August and October 2020–January 2021. As of 31 De-
cember, a total of 82,626,055 cases of COVID-19 (includ-

ing 681 694 new cases) and 1 804 223 deaths (includ-
ing 15 283 new deaths) were reported worldwide. 

The  rst six months of 2021 were marked by the end of 
the third pandemic wave, towards the end of February, which 
mainly a  ected Europe and the Americas, and the transition 
to the fourth wave, between April and May, with a peak 
of 997 105 cases on 24 April, which mainly a  ected Asia. In 
the second half of 2021, the evolution of the SARS CoV-2 
pandemic crossed the  fth pandemic wave, between July and 
October, predominantly a  ecting Europe and the Americas, 
with a new phase of increase in the number of new con  rmed 
cases in November. On 31 December 2021, the total number 
of con  rmed SARS CoV-2 cases was 286 826 415, of which 
1 889 175 on 31 December alone, and the number of deaths 
was 5 445 957, with 7 058 deaths on 31 December.

The year 2022 began with a sharp increase in the num-
ber of SARS CoV-2 infections in what was to become the 
sixth pandemic wave and the one with the most cases. Be-
tween January and April 2022, more than one million new 
con  rmed cases were reported almost daily worldwide, 
with up to 3 652 595 new cases, including 9 063 deaths on 
22 January. This surge led to an increase in statistics and by 
the end of June 2022, globally, a total of 551 746 601 cas-
es were reported (865 480 cases on 30 June alone), of 
which 6 356 176 deaths, with 1 608 reported on 30 June, 
and after a reduction in the number of reported cases in 
May and June, from July onwards, a new small pandemic 
surge was recorded. Thus, the sixth pandemic wave almost 
doubled the number of con  rmed cases of SARS CoV-2 
infection worldwide, with the European population pre-
dominantly a  ected, followed by the Asian population and 
the Americas. In July and August, the number of SARS 
Cov-2 infections worldwide increased again, but much less 
than in wave 6 and compared to wave 4 from April to May 
2021. This seventh wave mainly a  ected Asia and, less so, 
the Americas and Europe, and was followed by a small in-
crease in the number of cases in October 2022 in Europe. 
After China dropped the zero COVID policy towards the 
end of 2022, a new pandemic wave a  ected mainly East 
Asia and was extended until mid-January 2023. According 
to the World Health Organization, the eighth wave is the 
most active, with more than 6 000 000 daily cases from 21–
25 December globally and peaking at 7 946 896 cases on 
23 December 2022 (Fig. 4–5). On the other hand, the www.
worldometers.info website and Johns Hopkins University 
of Medicine describe it as modest, with magnitude at most 
at the level of the  fth pandemic wave. According to the 
latter, cited by the Romanian Ministry of Health, at the end 
of 2022, there were 664 480 798 con  rmed cases of SARS 
CoV-2 infection worldwide (with 443 500 new cases as of 
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31 December), including 6 696 132 deaths (with 1 399 new 
deaths as of 31 December).

The year 2023 marks a reduction in the number of SARS 
CoV-2 cases to less than 200 000 new con  rmed cases every 
day, with the majority of cases reported in Asia. The most 
recent World Health Organization report on 28 February 
indicates 758 390 564 con  rmed cases of SARS CoV-2 in-
fection and 6 859 093 deaths, and the most recent report 
from Johns Hopkins University of Medicine indicates, as of 
7 March 2023, a total of 676 125 671 con  rmed cases world-
wide, including 638 000 cases in the period 26 February to 5 
March, and 6 877 999 deaths, with 4,750 deaths recorded in 
the period 26 February to 5 March [30–35] (Fig. 4–6).

SARS CoV-2 pandemic in Romania
In Romania, the  rst SARS CoV-2 infection was re-

ported in a 25-year-old man from Gorj county on 26 Febru-
ary 2020, after testing all persons with whom a 71-year-old 
Italian man had come into contact in Romania and who had 
been con  rmed on 25 February 2020. He had recently ar-
rived from Italy, travelling in a coach, and had come into 
contact with the 25-year-old man on 19 February. The second 
case was that of a 38-year-old woman from Timi oara who 
had travelled by plane from Italy and infected a 47-year-old 
man from Timi oara en route. The fourth case involved a 
man from Maramure . The  fth case was that of a man from 
Timi , a direct contact of the 47-year-old man. The sixth 
con  rmed case was a 16-year-old boy from Timi oara, who 
infected a classmate and was registered as the seventh case. 
Travelling in a coach with the 71-year-old Italian man, a 
51-year-old man was infected by him and is the eighth case. 
A 49-year-old man arriving from Italy is the ninth case. He 
has infected a 42-year-old woman and others, both of whom 
have been con  rmed in Bucharest and indicate the start of 
intra-Community transmission of SARS CoV-2 infection. 
On 26 February, a 60-year-old former MAI o   cer arrived 
from Israel and, on 2 March, handed out marzipan at the 
ADP headquarters in Bucharest’s 4th sector, in a build-
ing with 120 people, the next day he showed symptoms, 
was admitted and, on 9 March, was con  rmed with SARS 
CoV-2 infection. This is the 17th case and he has transmit-
ted the virus intra-communitarily to several people. Intra-
community transmission became more pronounced after a 
state of epidemiological emergency was instituted in Ro-
mania on 15 March 2020 at 22:00 Romania time, with the 
population having movement restrictions, except in special 
cases, aimed at exercising, going out with pets, obtaining 
food and medicines and travelling for work purposes, for 
areas with continuous professional activity. As of 0900 on 
16 March 2020, 139 con  rmed cases of SARS CoV2 infec-

tion had been recorded, including 16 in the last 24 hours. 
The  rst psychological threshold of 25 con  rmed cases in 
Romania was recorded on 10 March 2020. The second psy-
chological threshold of 50 cases was exceeded on 12 March 
(64 cases, with 19 new cases) and the third psychological 
threshold of 100 cases was exceeded on 14 March (113 cas-
es, with 24 new cases). On 26 March 2020, the total number 
of 1000 newly con  rmed cases was exceeded (1029, with 
123 in the last 24 hours alone), and on 23 April the num-
ber exceeded 10 000 (10 096, with 386 new cases). After 
two months of restrictions, on 15 May 2020, Romania came 
out of the epidemiological emergency, with 16 437 con-
 rmed cases of SARS CoV-2, surpassing the  rst wave of 

infection (Fig. 4). This peaked at 523 daily infections on 
11 April 2020. On 18 May 2020, Romania entered a state 
of alert, which was extended until 8 March 2022. With the 
onset of the second wave of the pandemic at the beginning 
of June 2020, the number of con  rmed infections started to 
increase again, more sharply in June, leading to a total of 
26 970 cases (with 388 cases recorded in the last 24 hours) 
on 30 June 2020, of which 19 050 people were cured 
(70.634%), and 1 651 deaths (with 17 in the last 24 hours). 
According to o   cial estimates, 6 269 people were still ac-
tive but under observation and quarantine. In July-August 
2020, the number of newly con  rmed daily cases remained 
at a standstill, after which it began to rise more sharply, 
reaching a peak of 10 269 cases on 18 November, with 
more than 10 000 cases being recorded daily on 6, 12, 18 
and 19 November. Towards the end of 2020, the number 
of con  rmed cases per day began to fall to below 5–6 000, 
marking the end of the second wave. As of 31 December 
2020, Romania reported a total of 632,263 con  rmed cases, 
up from 4,322 on 31 December, and 15,767 deaths, includ-
ing 171 in the last 24 hours. Of the total reported cases, 
560 793 people were cured (88.696%), with 6 737 cases 
reported cured in the last 24 hours, 55 703 cases still active 
but quarantined.

The steep rise in the number of newly con  rmed cases of 
SARS CoV-2 infection since the early days of 2022 charac-
terised the onset of the  fth pandemic wave, which had three 
peaks, on 26 January with 34 255 newly con  rmed cases, 
on 1 February with 40 018 cases, and on 8 February with 
36 269 cases. The  fth wave was characterised by the great-
est amplitude in the evolution of the daily number of newly-
con  rmed SARS CoV-2 cases, which dropped sharply in 
the second part of February to 7 191 cases on 26 February. 
The drop in the number of newly con  rmed daily cases and 
public pressure led the Romanian authorities to completely 
lift the restrictions as of 8 March 2022. At that time, Roma-
nia came out of the alert status and the request for a green 
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certi  cate for access to non-food and food shops or some 
public institutions was stopped. The low number of cases 
during the spring of 2022 led the Romanian authorities to 
stop reporting the number of cases on a daily basis, starting 
on 12 June, when 168 cases were recorded. For 12 June, the 
press release (o   cial communiqué) of the Romanian Minis-
try of Health indicated a cumulative total of 2 912 705 cases 
of SARS CoV-2 infections at national level, and on the same 
day a press release (o   cial communiqué) of the Romanian 
Ministry of Health was issued for 6–12 June, which reports a 
cumulative national total of 2 912 878 cases of SARS CoV-2 
infections, resulting in a di  erence of 173 cases, which is 
maintained in subsequent releases, without resulting from 
daily or weekly reporting of the number of cases of SARS 
CoV-2 infection. On 1 October 2022, this di  erence in-
creased to 174 cases and is maintained to date. It may be 
generated by an error in daily reporting or by an error in the 
accumulation of the total number of cases. All o   cial bulle-
tins issued by the Romanian Ministry of Health are available 
at: https://www.ms.ro/buletine-de-presa-covid/.

Towards the end of June and beginning of July, the 
number of SARS CoV-2 cases started to rise again, and 
from 12 July, the authorities reverted to daily reporting. 
As of 3 July 2022, a total of 2 927 014/2 927 187 cases 
of SARS CoV-2 infection had been con  rmed, including 
7 726 in the last 7 days, and 65 755 deaths, with 16 deaths 
in the last 7 days. 

On 12 July, 4 044 new cases were con  rmed, rising to 
over 5 000 cases after 17 July, reaching a peak of 12 353 cas-
es on 26 July, the peak of the sixth wave. Less intense than 
the previous one, it began to decrease in intensity and by au-
tumn 2022 the number of newly con  rmed daily cases had 
fallen to below 500. For this reason, since 22 November, 
the Romanian authorities have resorted to weekly report-
ing of cases of SARS CoV-2 infection. On 1 January 2023, 
Romania totalled 3 311 911/3 312 085 cases of COVID-19, 
with 3 615 in the last 7 days, and 67 408 deaths, including 
34 deaths recorded in the last 7 days. 

The latest report, dated 6 March 2023, which totals 
cases from 27 February to 5 March 2023, shows 5 704 new 
cases and 32 deaths. In total, as of 5 March, Romania 
had 3 345 872/3 346 046 cases of SARS CoV-2 infection 
and 67 736 deaths (Fig. 7, 8).

 In terms of the number of people infected with SARS 
CoV-2 who died (Figure 5), the  rst two deaths were re-
corded on 22 March 2020 and the  rst wave of deaths in 
spring 2020, with three peaks: 34 deaths on 25 April and 
13 May, and 35 deaths on 8 May. After a relative decrease 
in the number of deaths in the second part of May, the sec-
ond wave of deaths began in June and lasted until the end 

of January 2021, with the daily maximum of SARS CoV-2 
deaths recorded on 8 December 2020 (213 people). Febru-
ary and the  rst part of March 2021 saw a reduction in the 
number of deaths, with a low of 41 people recorded on 
14 February, after which the third wave of deaths began, 
extending into early May. During this, the daily peak of 
237 deaths was recorded on 20 April. After a short period of 
decline, the number of cases increased again in June 2021, 
with daily highs of 277 deaths on 8 June, 266 deaths on 26 
June and 294 deaths on 29 June 2021, with the lowest num-
ber of deaths of SARS CoV-2-infected persons recorded on 
3 and 4 July, followed by steep positive and negative varia-
tions, considered the fourth wave or the end of the third 
wave of deaths. On 11 July, there was a low of one death, 
then between 12 July and 18 August, the number of deaths 
was reduced. From the second part of August, the  fth and 
largest wave of deaths associated with SARS CoV-2 infec-
tion began, with two days when more than 550 deaths were 
recorded, on 19 October (574 cases) and 2 November (591 
cases), as many as the population of small towns in Roma-
nia. Towards the end of November, the number of deaths 
went into a steep downward slope, so that at the halfway 
point between 2021 and 2022, there would be a clear gap 
between the  fth and sixth waves, stretching from the end 
of January to the beginning of March 2022. The highest 
number of deaths recorded daily was on 22 February (215). 
Since March, the number of deaths of people infected with 
SARS CoV-2 has been kept low, with zero reported on 16 
and 30 May 2022. On 27 July, the seventh wave of deaths 
associated with SARS CoV-2 infection began, peaking on 
23 August (47). After the Romanian authorities stopped 
daily reporting of the number of cases and deaths, it is dif-
 cult to follow the evolution of these from o   cial data 

[30–33] (Fig. 8). 

SARS CoV-2 variants
Being propagated in a very large number of human in-

dividuals (hosts) in a relatively short and sustained time, 
SARS CoV2 is an RNA virus susceptible to a high muta-
tion rate and the evolution of several variants. The main 
reasons for their occurrence are related to strand switch-
ing, RNA-dependent RNA polymerase activity, an enzyme 
lacking corrective mechanisms, and frequent recombina-
tion events of di  erent strains of SARS CoV-2. Point mu-
tations cause the replacement of one nitrogenous base by 
another and of one amino acid by another, altering cell 
tropism, transmissibility and pathogenicity of viruses [3]. 
Thus, between February and June 2020, the D614G muta-
tion in the C-terminal region of the S1 domain of the spicu-
lar protein predominated in 74% of published sequences. 
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This mutation provides more e   cient virus functionality, 
is associated with higher nasopharyngeal viral load and 
is the only mutation present in all six variants of inter-
est (Epsilon, Eta, Iota, Kappa, Zeta and Lambda) and  ve
variants of concern (Alpha, Beta, Gamma, Delta, and Omi-
cron) circulating worldwide (Table 1) [36, 37]. 

Worldwide, in the  rst wave (February–March 2020) 
and the second wave (June–August 2020) the Wuhan strain 
(Wuhan waves) predominated, in the third wave (October 
2020–January 2021) the Beta strain (Beta wave) predomi-
nated, in the  fth wave (July–October 2021) the Delta vari-
ant (Delta wave) predominated, and in the following waves 
(sixth, between January and April 2022, seventh, between 

July and August 2022, and eighth, between mid-December 
2022 and mid-January 2023), the Omicron variant became 
dominant [36, 38, 39].

In Romania, the Wuhan strain was dominant at the 
end of 2020, but from the second half of February 2021 
it was overtaken by the Alpha variant. In spring 2021, a 
few cases of Beta and Gamma variant infections were iden-
ti  ed, but they never became dominant. From late April, 
the Delta variant emerged and became prevalent from 
July 2021. Towards the end of 2021, the Omicron variant 
emerged and dominated almost all of 2022, towards the 
end of the year sharing cases with variants other than Omi-
cron [40] (Fig. 9).  

Table 1. SARS CoV-2 variants and their characteristic mutations
Pango 
lineage

WHO 
label

Isolated from Mutations in eceptor-
binding domain

Mutations in S-glycoprotein

B.1.1.7 Alpha UK (November, 2020) E484K, S494P, N501Y 69/70del, 144del, A570D, D614G, P681H, 
T716I, S982A, D1118H, K1191N

B.1.351 Beta South Africa (October, 2020) K417N, E484K, N501Y D80A, D215G, 241/243del, D614G, A701V
P.1 Gamma Japan/Brazil (December, 2020) K417T, E484K, N501Y L18F, T20N, P26S, D138Y, R190S, D614G, 

H655Y, T1027I
B.1.614.2 Delta India (December, 2020) L452R, T478K T19R, G142D, D614G, P681R, R158G, 

156/157del, D950N
B.1.427 Epsilon USA (July, 2020) L452R D614G
B.1.429 Epsilon USA (July, 2020) L452R S13I, W152C, D614G

P.2 Zeta Brazil (April, 2020) E484K F565L, D614G, V1176F
B1.525 Eta USA (December, 2020) E484K A67V, 69/70del, 144del, D614G, Q677H, F888L

P.3 Theta Japan/Philippines (February, 2021) E484K, N50 141/143del, D614G, P681H, E1092K, H1101Y, 
V1176F

B.1.617.1 Kappa India (December, 2020) E484Q, L452R T95I, D614G, E154K, P681R, G142D, Q1071H
C.37 Lambda Peru (November 2020) L452Q, F490S G75V, T76I, D614G, T859

B.1.1.529 Omicron South Africa/Botswana (May, 
2020)

? A67V, 69–70del, 142–144del, T95I, Z145D, 
211del, L212I, 214epe, G339D, R346K, S371L, 
S373P, S375F, K417N, N440K, G446S, L452X, 
S477N, T478K, E484A, F486V, Q493R, G496S, 
Q498R, N501Y, Y505H, T547K, D614G, H655Y, 

K679K, P681H, N764K, D796Y, N856K, 
Q954H, N969K, L981F
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Anti-SARS CoV-2 vaccines
During the pandemic, 9 vaccines targeted against SARS 

CoV-2 were developed (Table 2). Two of these, BNT162b/2, 
produced by P  zer-BioNTech of the US, and mRNA-1273, 
produced by Moderna of the US, are based on mRNA plat-
forms, AZD1222 Covishield vaccines, produced by Astra-
Zeneca-Oxford, a UK-US collaboration, Sputnik V rAd26 
rAd5, produced by Gamaleya Research Institute of Russia, 
and Ad26.CoV. S JNJ-78436735, produced by the Ameri-
cans from Johnson & Johnson and the Dutch from Janssen 
vaccines, are based on recombinant adenoviral vectors, CO-
VAXIN BBVI52 vaccines, produced by Bharat Biotech of 
India, and BBIBP-CoV vaccine, produced by the Chinese 
from Sinopharm, use inactivated SARSCoV-2 vaccine pro-
duced in Vero cell, Corona Vac vaccine, produced by the 
Chinese of Sinovac, is an inactivated vaccine, in Vero cell 
and formalin with alum, and NVX-CoV2373 Covavax, pro-
duced by the Americans of NovaVax, uses Recombinant 
NP profusion spike protein. These are capable of inducing 
the synthesis of speci  c anti-SARS CoV-2 antibodies with 
variable e   ciency. Thus, BNT162b/2 and mRNA-1273 
vaccines are more than 90% e  ective against Alpha variant 
infections, but less e  ective against Gamma variant. Most 
CoV-2 SARS vaccines are less e  ective against the Beta 
variant [Thakur, 2022].

Globally, by the end of February 2023, 13228728467 
doses of SARS CoV-2 vaccine had been administered, im-
munising 5 512 995 309 people who had received at least 
one dose of vaccine, of which 5 073 870 238 people were 
fully immunised against SARS CoV-2 [32]. In Romania, the 
administration of SARS CoV-2 vaccines began on 27 De-
cember 2020, and by 5 March 2023, 16 919 549 doses of 
vaccine had been administered, immunising 8 141 569 peo-

ple with the  rst dose, of whom 8 130 345 people received 
the full vaccination schedule and 2 666 628 people with the 
last booster dose [40]. 
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Table 2. Anti-SARS CoV-2 vaccines and their main characteristics
Vaccine name Vaccine type Producer Origin country Administration E   ciency (%)

BNT162b/2 Nucleoside-modi  ed mRNA-based 
vaccine

P  zer-BioNTech USA 2 doses 3 weeks 
apart

91.3

mRNA-1273 mRNA-based vaccine encapsulated 
in lipid nanoparticle

Moderna USA 2 Doses 4 weeks 
apart 94.5

AZD1222 
Covishield

Recombinant ChAdOx1 adenovirus 
vector encoding spike protein Ag of 

the SARS-CoV-2

AstraZeneca-Oxford UK, USA 2 doses between 
4 and 12 weeks 

apart

90.0

Sputnik V rAd26 
rAd5

Recombinant adenovirus 
vector-based COVID-19 vaccine

Gamaleya Research 
Institute

Russia 2 di  erent doses 3 
weeks apart

92.0

Ad26.CoV.S 
JNJ-78436735

Recombinant, non-replicating 
adenovirus type 26 vectored vaccine 
encoding SARSCoV-2 spike protein

Johnson & Johnson, 
Janssen vaccines

Netherland, USA Single dose 72.0

COVAXIN 
BBVI52

The whole SARSCoV-2 virus 
inactivated (Vero cell)

Bharat Biotech India 2 doses 4 weeks 
apart

81.0

Corona Vac Inactivated vaccine (Vero cell, 
formalin with alum)

Sinovac China 2 doses 50.0–84.0

NVX-CoV2373 
Covavax

Recombinant NP profusion spike 
protein formulated with matrix-M 

adjuvant

NovaVax USA 2 doses 89.3

BBIBP-CoV 
vaccine

Inactivated SARSCoV-2 vaccine 
produced in Vero cell

Sinopharm China 2 doses 78.0
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