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RICARDO MAARMAN “«-.ik_f_ﬁiﬁf{ %f APPLICANT
AND o
THE PRESIDENT OF THE REPUBLIC
OF SOUTH AFRICA FIRST RESPONDENT
AND
THE MINISTER OF CO-OPERATIVE
GOVERNANCE AND TRADITIONAL
AFFAIRS SECOND RESPONDENT
AND
PROFESSOR SALIM ABDOOL KARIM on behalf of the
GOVERNMENTAL COVID 19 ADVISORY COMMITTEE THRID RESPONDENT

NOTICE OF MOTION
(Interim urgent interdict)

TAKE NOTICE THAT;

The Respondent are hereby called upon to show cause, if any, to this
Honourable Court, sitting at Cape Town on the day of 20 April 2021, at
T0H00, or so soon thereafter as the matter may be heard, why an order

should not be issued in the following terms:

1. That this Application is heard as a matter of urgency and that the Applicant’'s
failure to comply with the time limits imposed by the Rules of this Honourable

Court be condoned in terms of Rule 6 (12).



2. That the respondents produce the isolated and purified physical SARS-CoV-
2-virus (not a culture isolate or any mixture within in which the supposed virus
is, nor a photograph or the RNA-sequence only), to the applicant at the place

and in terms of their security measures of choice, within 7 days.

3. Further or alternative relief.

4, Cost of the application if opposed.

TAKE NOTICE FURTHER THAT, the affidavit of, RICARDO MAARMAN, the
Applicant herein, annexed hereto, will be used in the support of this

Application.

TAKE NOTICE FURTHER THAT if you intend opposing this application you
are required; to notify the applicant in writing on or before 13 April 2021 of

your intention to oppose.

To file your answering affidavit, if any on or before 13 April 2021

And further that you are required to appoint in such notification an address
referred to in rule 6(5)(d)(i) of the rules of this Honourable Court at which you
will accept notice and service of all documents in these proceedings, such an
address (not being a post office box) to be one within 15 (Fifteen) kilometres

of the office of the registrar.



The applicant consents to exchange taking place via email to

carlo@victorlegal.co.za

TAKE NOTICE FURTHER: that the Applicant has appointed VICTOR AND
ASSOCIATES, 24 Viola Road, Bloubergstrand, Cape Town, C/O

ROB GREEN Attorneys, Room 305 Benzal House, 3 Barrack Street, Cape
Town as its attorney of record and his service address as the address at

which the Applicant will accept service of all process in these proceedings.

KINDLY PLACE THE MATTER ON THE ROLL

ACCORDINGLY.

DATED AT CAPE TOWN ON THIS THE 18" DAY OF MARCH 2021.

Dt

T VICTOR AND ASSOCIATES

24 Viola Road

Bloubergstrand

Cape Town

TEL 074 707 8168

FAX 086 294 5204

EMAIL victorlegalinfo@gmail.com
CiO

ROB GREEN Attorneys,

Room 305 Benzal House, 3 Barrack Street, Cape Town)



TO:

AND TO;

AND TO;

AND TO:.

THE REGISTRAR CAPE TOWN HIGH COURT

THE FIRST RESPONDENT
Tuynhuys, Plein St,

Cape Town.

THE SECOND RESPONDENT

The Minister of Cooperative Governance and Traditional Affairs
Good Hope Building, 1st Floor, Room 1,

Plein Street, Cape Town.

THE THIRD RESPONDENT
Professor SALIM ABDOOL KARIM on behalf of the

Governmental Covid 19 Advisory Committee

ALL RESPONDENTS SERVED AT THE OFFICE OF THE STATE
ADVOCATE CAPE TOWN



IN THE HIGH COURT OF SOUTH AFRICA
(WESTERN CAPE DIVISION)

CASE NO:

In the Matter between:

RICARDO MAARMAN APPLICANT
AND

THE PRESIDENT OF THE REPUBLIC
OF SOUTH AFRICA FIRST RESPONDENT

AND
THE MINISTER OF CO-OPERATIVE

GOVERNANCE AND TRADITIONAL
AFFAIRS SECOND RESPONDENT

AND

PROFESSOR SALIM ABDOOL KARIM on behalf of the
GOVERNMENTAL COVID 19 ADVISORY COMMITTEE THRID RESPONDENT

FOUNDING AFFIDAVIT

, the undersigned

RICARDO MAARMAN
820531 5257 086

Hereby state under oath:

1 The facts set out within this affidavit are within my personal knowledge and
expertise with reference. To the best of my knowledge, all the facts are

correct. In certain aspects, | have relied on documentary evidence, of which
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relevant portions are attached as annexures, whilst others are easily

obtainable from our very own government websites.

THE PARTIES.

2. The Applicant is an adult male, Ricardo Maarman, who holds an MA
international Politics obtained at the University of Leicester in the UK. he
specialized in the Post-Cold War World Order, International Security,
Intelligence and Security and US Foreign Policy, his service address for the
purposes of this application is Rob Green Attorneys, Room 305 Benzal
House, 3 Barrack Street, Cape Town, as the address at which the Applicant

will accept service of all process in these proceedings.

3. The first respondent is the President of the Republic of South Africa who is
cited herein in his official capacity and whose Cape Town office is situated
at Tuynhuys, Plein St, Cape Town and whose full and further details are

unknown to me.

4. The second respondent is the Minister of Cooperative Governance and
Traditional Affairs who is cited herein in her official capacity as the Minister
mandated in terms of the provisions of the Disaster Management Act, 57 of
2002 ("the DMA") and whose Cape Town office is situated at the State
Attorney 4th Floor, 22 Long Street, Cape Town, and whose full and further

details are unknown to me.



5. The third respondent is Professor Salim Abdool Karim who is cited herein
in his official capacity as the head of the Governmental Covid 19 Advisory
Committee and whose Cape Town office is situated at the State Attorney
4th Floor, 22 Long Street, Cape Town, and whose full and further details

are unknown to me.

NATURE OF THE APPLICATION.

This is an application for an order as follows.

6. That this Application is heard as a matter of urgency and that the Applicant’s failure
to comply with the time limits imposed by the Rules of this Honourable Court be

condoned in terms of Rule 6 (12).

7. That the respondents produce the isolated and purified physical SARS-CoV-2-
virus (not a culture isolate or any mixture within in which the supposed virus is, nor
a photograph or the RNA-sequence only), to the applicant at the place of their

choice and under the security measures as preferred by the respondents, within 7

days.

8. Further or alternative relief.

9. Cost of the application if opposed.



URGENCY.
10.1 respectfully submit that this matter cannot wait to be deait with in the ordinary
course, as such | ask the Court to dispense with the forms and service provided

for in the Rules and to indulge in my non-adherence with the normal rules of

procedure as set out in Rule 6.

11.This matter is of such urgency that it simply cannot wait for the normal procedures

fo be complied with.

12.1 respectfully submit that this Application should be heard other than in the normal

course, otherwise the relief which we seek will be rendered ineffective.

DETAIL OF THE CIRCUMSTANCES WHICH MAKE THE MATTER URGENT.

13. Currently the Entire State is under Lockdown level one, whichis a serious violation
of the citizens Fundamental rights. To date, the Minister of Health has uttered and
there are circulating discussions that the Lockdown measures will be tightened,
which begs for these measures to be scrutinised. Accordingly, this has been stated

in the following sources:

https //www.timeslive.co.za/news/south-africa/2021-0 3-25-level-2-on-the-cards-

for-easter-here-are-some-major-changes-that-could-be-in-place-before-the-

holiday/; https:llwww.iol.co.zalnews/politics/mkhize—savs-move-to-Ievel-Z-durinq-

easter-will-prevent-super-spreader-events-a5{88b6b-63a1-4b1 c-95d8-

a841099bd4 15 (see annexed hereto marked as annexure RM 1)

i M



14. There is a massive nationwide roll out of a vaccine claimed by the respondent that

must be used in the prevention of being infected by the alleged virus.

15 This vaccine-roll-out has begun in other countries and it has resulted in deaths and

vaccine injuries, RM2.

16 The national disaster has been declared and is in ongoing for almost a year

affecting the entire nation with dire consequences.
17 There is no end in sight in the foreseeable future to this pandemic.
18. It is an urgent matter of national concern.

19.The outcome of the order could very well mean a quick recovery to normal

circumstances for the entire nation.

20.1n South Africa, there is vast unemployment and poverty as such, the questioning
of the very cause that threatens to drastically increase the already desperate

circumstances must at least be thoroughly investigated and with utmost haste.

21.0n 6 May 2020 Africa's Medical Media Digest reported that Pandemic Data and
Analytics (Panda), a multidisciplinary initiative co-ordinated by actuary Nick
Hudson reported that if South Africa’s present economically restrictive lockdown

measures are not discontinued immediately, they may cause 29 times more deaths
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than the measures aim to prevent the spread. And each week of continuing

lockdown will, in the long run, cause more loss of life than the virus itself. RM3

REASONS WHY RELIEF CAN NOT BE OBTAINED IN THE ORDINARY COURSE.
22 If this matter is heard in the normal course, the relief sought would be of no use,

since it is critical for the entire nation.

23 Attached hereto and marked RM4 is a medico legal report stating that the virus

has not yet been proven to exist.

HIGH DEGREE
24.| respectfully submit that this application carries a High Degree of urgency in that
we are faced with the imminent impoverishment, deterioration of the wellbeing of

the entire nation and their constitutional fundamental right infringements.

TIMETABLE FOR THE FILING OF DOCUMENTS.
25. | propose the following timetable for the processes in this matter which will allow
this matter to return to Court in the shortest possibie time and which will also allow

the respondents reasonably enough time to respond.

26. The matter to be heard on 20 April 2021.

27.Filing of respondents Heads on 16 April 2021.
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28. Filing of applicants Heads on 15 April 2021.

29. Applicants replying affidavit on 14 April 2021.

30. Respondents' Notice of opposition and answering affidavit on 13 April 2021.
31. Service on respondent on 9 April 2021.

THE APPLICANT'S LOCUS STANDI
32. The applicant brings this application by virtue of section 38(a) of the Constitution
by acting in his own interest and in accordance with its own objectives directed at

the protection of his Constitutional Rights and financial sustainability.

33. The Applicant also brings the application in the public interest of all South Africans
as a whole and in terms of section 38(d) of the Constitution, with the objective of

the protection of their Constitutional Rights and financial sustainability.

THE LEGAL AND CONSTITUTIONAL PRINCIPLES INVOLVED

34. The Constitution provides that the Republic of South Africa is a sovereign,
democratic state founded, inter alia, on the following values: Life, Human dignity,
the achievement of equality and the advancement of human rights and freedoms

and the Rule of Law.

35. The Constitution, provides that "All spheres of government and all organs of state

within each sphere must be loyal to the Constitution, the Republic and its people;
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respect the constitutional status and not assume any power or function except

those conferred on them in terms of the Constitution.”

36.The Bill of Rights applies to all law, and binds the legislature, the executive, the

judiciary and all organs of state.

37.Everyone has inherent dignity and the right to have their dignity respected and
protected.

38.Everyone has the right to life, bodily and psychological integ rity; To make decisions
concerning the security and control over their body; Freedom to practice their
trade, Freedom of movement, occupation and profession; Not to be treated in a
cruel, inhuman or degrading way; Their right to have access to health care

services; Just administrative action.

39.Every citizen has the right to administrative action that is lawful, reasonable, and

procedurally fair.

40. These abovementioned rights may be limited only in terms of law of general
application to the extent that the limitation is reasonable and justifiable in an open
and democratic society based on human dignity, equality, and freedom, taking into
account all relevant factors, including the nature of the right; the importance of the
purpose of the limitation; the nature and extent of the limitation; the relation

between the limitation and its purpose; and less restrictive means to achieve the

purpose.

. o
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41 No law including the DMA, may limit any right entrenched in the Bill of Rights.

42 It is therefore submitted that, in so far as the Regulations or any Direction
Purportedly issued pursuant thereto, that will violate the above-mentioned
fundamenta! rights will be inconsistent with the Constitution, and therefore illegal

and void if the SARS-CoV-2-virus is not proven o exist.

43. Furthermore, the rights in the Bill of Rights cannot be infringed upon or limited in

any way save in terms of the provisions of section 36 or 37.

44 The national state of disaster, announced in terms of the DMA, has been called on
the mere allegation of the existence of the SARS-CoV-2-virus, and the applicant
stands on his Fundamental right to test whether the violation of his and the entire

nation's Constitutional rights have been based on the existence of the SARS-CoV-

2-virus

THE STATE MAY NOT INTERFERE WITH THOSE FREEDOMS, EXCEPT UNDER

SECTION 36 OF THE CONSTITUTION.

45.My respectful submission is that until the Respondent has produced the SARS-
CoV-2-virus to be tested by independent experis in the appropriate circumstances
that the Limitation of the rights of the Applicant and the Nation’s rights to freedom

of movement is not justified in terms of Section 36. (1) of the Constitution.

46. According to Section 36. (1) The rights in the Bill of Rights may be limited only in

terms of law of general application to the extent that the limitation is reasonable

13 m/\/l
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and justifiable in an open and democratic society based on human dignity, equality

and freedom, taking into account all relevant factors.

47 We are not asking this honourable Court to do the Section 36 test in this matter, or
to decide on the existence of the SARS-CoV-2-virus we are simply asking that the
respondent produces the isolated and purified physical SARS-CoV-2-virus (not a
culture isolate or any mixture within in which the supposed virus is, nor a
photograph or the RNA-sequence only), to the applicant at the place of his choice
and under the security measures as preferred by the respondent, within 7 days, in
order for us to test whether these extremely harsh disaster enforced on the nation

is in fact based on the existence of the SARS-CoV-2-virus.

48. The nature of the rights here being limited are fundamental rights in terms of
chapter two; the right to bodily and psychological integrity; The right to make
decisions concerning the security and control over their own bodies; Freedom to
practice their trade, freedom of movement, occupation, and profession; Not to be
treated in a cruel, inhuman or degrading way; Their right to have access to health

care services: the right to just administrative action.

49 These are fundamental rights that cannot be limited if there are no evidence of the

existence of the SARS-CoV-2-virus.

RULE 16 A

50.A Rule 16 A notice will be issued together with the issuing of this application (See

Attached copy of the notice marked RMS).
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BACKGROUND.

51.During January 2020, the world became aware of the so-called Corona Virus.

52. At the writing of this affidavit the reported South African statistical information of
the so-called Virus are as follows; 1 404 839 cases have been reported. Attached

hereto and marked RM8, see the latest coronavirus world report.
53.0f the 1 404 839 reported South African cases 1 217 492 have recovered.

54. Currently 150 800 people in South Africa have the so-called Virus of which namely

546 are in a serious or critical condition thus 0.31% of infected people are in a

serious condition.

55 40 574 out of 1 404 839 who contracted the so-called Virus in South Africa to date

has died, namely 1.38%.

56.0n 15 March 2020, Dr Mmaphaka Tau, the Head of the National Disaster
Management Centre in the Department of Cooperative Governance gave notice

that the Covid-19 pandemic was declared as a National Disaster.

57.Also, on 15 March 2020, the respondent issued a declaration of a National State
of Disaster and published the declaration in the Government Gazette of that date
and on subsequently monthly declarations continued with the declaration and
publications of the regulations relating to the National disaster. Attach hereto as

Annexure RM7 a copy of the notice to that effect in the Government Gazette.

: L
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RATIONALITY
58.To pass the rational basis test, the statute or ordinance must have a legitimate

state interest, and there must be a rational connection between the regulations

means and goals.

59 The national lockdown severely restricts the movement and choices of people.

The result is a severe disruption of business and wellbeing and freedom of

movement.

80. This is done under the over broad provision in s 27(2)(n) of the DMA the question

that arises is whether this disruption meets the rationality and constitutionality test

in terms of South African law.

61. Some disruption of life may be necessary to save lives if we are assured beyond

doubt of the existence of the SARS-CoV-2-virus on which the Restrictions are

based.

62. This applicant has a reasonable suspicion about the existence of SARS-CoV-
2-virus.

63. It is respectfully submitted that this Honourable Court must at least agree that
the South African nation is at least entitled to know beyond any doubt that all
the damages and restrictions and violations of their rights is based on a virus

that is proven to exist.
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17

To date it has simply been assumed that the SARS-CoV-2-virus does exist,

without question.

The respondent has alleged that the SARS-CoV-2-virus does exist as such,

she needs to prove it.

This can easily be done by the respondent since it should already be in

possession of the SARS-CoV-2 virus.

The supposed existence of SARS-CoV-2 virus has not been established, an
RNA-sequence obtained through an RNA-sequencing device RT-PCR test, a
DNA or RNA-sequence, does not prove anything without a standard to measure

it against, that standard can only be the physical virus.

If the virus has not been proven to exist then it follows that no link can be
established between the supposed non-existent virus and a disease, no
experiments have been presented in which the virus is isolated without any
cultures or other substances, and then injected into healthy organisms
producing a particular disease, and repeated, without this there can be no link

between a virus and a disease.

If the virus does not exist, thus no link to a disease can be proven and then no

reasonable and justifiable remedy or countermeasures can be devised.

There is no evidence existence of the SARS-CoV-2 virus.

17 ‘UM
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70. There is no evidence of the existence of the SARS-Cov-2 virus, its link to

Coviid-19 disease.
71. The PCR test are unreliability.

SECTION 39 OF THE CONSTITUTION AND ITS RELEVANCE TO THE FACTS

PRESENTED
72. With regards to the nature of the matter, Section 39 (1)(a) and (b) respectively,
have to be cited, as it is part and parcel of the fabric of our society, that this

section be included here, which states that:
(1) When interpreting the Bill of Rights, a count, tribunal or forum-
(a) must promote the values that underlie an open and democratic society Based on human
dignity , equality and freedom;
(b), must consider internationaf taw; and

(c), must consider a foreign law

73. Its relevance, that the court should in accordance with the above be open the
facts presented below, which in turn sheds light on the Portuguese Judgment

(please find attached hereto marked RM8), The Court here conciudes that:

“Any diagnostic test must be interpreted in the context of the actual possibility of the
disease, which existed before its realization. For Covid-19, this decision to petrform the
test depends on the previous assessment of the existence of symptoms, previous
medical history of Covid 19 or presence of antibodies, any potential exposure to this
disease and no likelihood of another possible diagnosis.” “One of the potential reasons
for presenting positive results may lie in the prolonged shedding of viral RNA, which is
known to extend for weeks after recovery, in those who were previously exposed to
SARS-CoV-2. However, and more relevantly, there is no scientific data to suggest that

low levels of viral RNA by RT-PCR equate to infection, unless the presence of
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infectious viral particles have been confirmed by a laboratory. In summary, Covid-19
tests that show false positives are increasingly likely, in the current epidemiological

climate panorama in the United Kingdom, with substantial personal, health and social

system consequences.”

74.To prove the existence of something especially when itis mixed or incorporated
with other things is to first separate or isolate it, then to measure it, to determine
its parameters and to determine its qualities. An RNA or DNA sequence is not
proof of existence, e.g., having the DNA sequence of a person does not mean
that the person exist, to prove the person exists the DNA sequence must be

matched to a DNA sequence obtained verifiably directly from the physical

person.

75. Here follows explanations regarding the supposed isolation of SARS-CoV-2: as
described in an article entitled The Genetic Sequence, Origin, Diagnosis of

SARS-CoV-2, written by Huihui Wang et al. RM$

« “Confirmed cases with SARS-CoV-2 were identified as a positive result of a
high-throughput sequencing or an RT-PCR assay for respiratory specimens

including nasal and pharyngeal swab”

o “Airway epithelial cells from infected patients were used to isolate a novel
coronavirus, temporarily named 2019-nCoV, but later, the Coronavirus
Research Group of the International Committee for the Classification of viruses
found that the new coronavirus is related to the SARS-virus" The International

Committee for the Classification of viruses is affiliated to the international
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Council of Sciences, which in turn has a formal relationship with UNESCO since

1947, which in turn is a specialised agency of the UN.

« “In addition, the World Health Organisation has named the disease caused by

SARS-CoV-2 as coronavirus disease 2019 (Covid-19)".

« “After the SARS-CoV-2 was isolated from the lower respiratory tract specimen,

a diagnostic RT-PCR test was developed. RT-PCR tests based on the RNA-
dependent RNA polymerase (RdRp) gene of the ORF1ab sequence, E gene,

N gene and S gene of the SARS-CoV-2 genome”

« “The genome of coronaviruses, ranging from 26 to 32 kilobases in length,

includes a variable number”

¢ “The SARS-CoV-2 genome was reported to possess 14 ORF’s encoding 27

proteins”

6. From scientific article: SARS-CoV-2 isolation and propagation from Turkish
Covid-19 patients, as published in the Turkish journal of Biology 44 (3) 192,
2020:

+ “Samples were collected from the nasopharyngeal and oropharyngeal cavity of
Covid-19 positive diagnosed patients according to their real-time PRC analysis’

¢ “Next, SARS-CoV-2 specific RT-PCR was performed”
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77.From: CDC website in the US, Sever Acute Respiratory Syndrome
Coronavirus 2 from Patient with Coronavirus Diseqse, United States of
America (viewed on the 16 February 2021):RM?/~{%‘ ‘

o “We isolated virus from nasopharyngeal and oropharyngea! specimens from

this patient and characterised the viral sequence, replication properties, and

cell culture tropism”

o “Confirmed PCR-positive specimens were aliquoted and frozen until virus

isolation was initiated”

« ‘“we performed confirmatory testing by using real-time reverse transcription

PCR (CDC) and full-genome sequencing”

« “We extracted nucleic acid from the isolates and amplified by using the 37

individual nested PCRs”

« “A nearly full-length viral contig obtained in each sample had 100% identity to
the 2019-nCoV/USA-WA1/2020 strain (GeneBank  accession  no.

MN985325.1)"

78. From the Australian claim of isolation of the virus, Isolation and rapid sharing
of the 2019 novel coronavirus (SARS-CoV-2) from the first patient

diagnosed with COVID-19 in Australia we get the following telling

statement: RMIN_ 3
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e “In consultation with the World Health Organization, the viral isolate was shared
with domestic and international reference laboratories within 24 hours, and
lodgement with major North American and European culture collections for

further distribution is underway”.

79. These claims of isolation at best are based on the matching of one sequence
of RNA with another sequence, without producing the actua! virus. The NCID
of SA on its website has a picture of what it calls the virus, “culture isolate” this
is highly deceptive wording, a culture is a soup or a mixture of biological
material, they admit it is green monkey cells, within which the virus supposedly
is mixed, yet they claim a photo of the virus “culture isolate”. It is the
responsibility of those who make the claim to produce the proof, the
government claims the existence of the SARS-CoV-2 virus, there is reasonable

suspicion of this claim, therefore it is reasonable that they be ordered to provide

adequate proof.

A REASONABLE SUSPICION THAT THE VIRUS CANNOT BE LINKED TO THE

DISEASE

80.To link the virus to the disease, the virus must first be shown to exist, then it
must be purified from other elements and then introduced to a healthy organism
and it must be shown to cause a disease or illness. This experiment must be
conducted several times over a period of time. Lastly, these experiments must
be independently reviewed, only then can it be said that a link has been

established between a virus and a disease.
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81.This is the timeline of events, source, article SARS-CoV-2: an Emerging
coronavirus that causes a global threat, by Zeng, published on 2020/03/15,

in the International Journal of Biological Sciences:RM1&

a. 290t December 2019 the first cases linked to the Huanan Seafood
marketplace emerge.

b. 30t December 2019 China CDC was reported to about the pneumonia
of unknown ethology.

c. 31% December 2019 WHO CDC was informed of the pneumonia of
unknown ethology by China CDC.

d. 6t January 2020 Chinese CDC activated Level 2 emergency response.

e. 7' January 2020, SARS-CoV-2 was isolated by China.

£ 10t January 2020, first genome sequence of SARS-CoV-2 was
released.

g. 237 January 2020 Wuhan City was locked down.

h. 30t January 2020, WHO declared a “public health emergency of

internationatl concern”.

82.The entire processes of isolating the virus, linking the virus to a disease and
then imposing countermeasures occurred within one month and the World
Health Organisation was instrumental and co-ordinating matters from the very
beginning of the process, even before the Chinese supposedly isolated the

virus. The processes of linking the virus to the disease has not been
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demonstrated by the Chinese and by WHO, in fact the Chinese say it is WHO

that linked the SARS-CoV-2 with the Covid-19 disease.

83.1t is generally known that the symptoms of Covid-19 are virtually

indistinguishable from cold and or flu symptoms, which is another cause for

concern.

84.1t can be argued that reasonable suspicion persists whether the SARS-CoV-2
virus can be linked to the Covid-19 disease, those who make the claim must
produce the proof. The Court should therefore grant the order, that would

compel the government to provide such proof to the satisfaction of the Court.

THE SUSPICIOUS AND FLAWED EPIDEMIOLOGICAL-MATHEMATICAL

MODELS, INFECTION RATES AND DEATHS ATTRIBUTED TO COVID-19

85. The epidemiological models have been challenged and proven to be inaccurate
and had to be revised, modeliing in itself cannot form the cornerstone of any
reasonable decision to impose such harsh and devastating measures such as
the lockdown, especially not in the case of a nove! virus and new disease, for

which there would not exist much data to do adequate modelling.

24
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86. The infection rates were determined purely by a NON-VALIDATED RT-PCR

test which selects a particular RNA-sequence amongst many that appear.

87.Higher test frequency would inevitably also lead to higher positive tests thus

increase in cases.

88.The policy that all people testing positive and subsequently dying, should be
classified as death as a resuit of Covid-19, without conducting autopsies is also
wrong and completely unreliable, in addition the media reports these deaths,
as “deaths due to Covid related complications” which is meaningless. This even
in cases where there exist co-morbidities. This would not have been possible if
public heaith officials, the Executive and the Legislature did not allow and put

through such changes in protocol.

89 The PCR tests is at the heart of the reasoning and justification of the Lockdown
and there is ample clear proof that these tests are unreliable. Modelling has
been a great part of the reasoning and justifications to impose the Lockdown
measures as well, even though not much previous data exists, the models have
been refuted and modelling is inherently flawed and cannot be the sole arbiter

of reasonable justification.
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SARS-COV-2 IS SUPPOSEDLY A NOVEL VIRUS AND COVID-19 A NOVEL

DISEASE

90. In the face of a novel virus and a novel disease sufficient time should have been
allowed to isolate the virus, link itto a disease, to conduct experimentations to
determine effective treatments and cures. There is no proof that this has been
done.

91 Without the abovementioned having been done over a reasonable time pericd
and with independent reviews, any treatment is nothing other than a medical
experiment, the difference is that these experiments are being conducted on

the entire human-race.

92. This request should be easily accomplished considering that there are over a

million reported Covid-19 cases and a new variant in South Africa.

93 Lockdowns have never been done in the history of South Africa and by

extension never in the entire globe, it is unprecedented, hence a bio-medical

experiment.

g4It amounts to an unconscionable experiment with human life, if the virus has
never been isolated and linked to a disease, and therefore no treatment related

to the disease can be claimed, except as a mass scientific fraud.
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95.This arguably presents clear evidence of the conduct of a bio-medical

experiment upon the entire population of South Africa.
THE LOCKDOWN MEASURES ARE UNREASONABLE, HARMFUL AND DEADLY

96.1f there is no virus and no link to a disease, then these measures are
unreasonable, unjustifiable, and extremely dangerous.

97.Declaring the pandemic itself is traumatizing and greatly imposes on the rights
and freedoms of people.

98.The restrictions on trade and movement, is devastating to the economy, to
social life, education et cetera.

99.In the absence of a physically verifiable virus, there is no way to determine the
effectiveness of the mandatory masks policies, there is a vast body of science
that proves that masks are not effective and that they are potentially deadly.

100. The policy of not treating “non-urgent” matters in public heaith facilities
and prioritising Covid-19, is potentially fatal.

101. The policy of prescribing diagnostic techniques to medical professionals
and then a subsequent treatment protocol from which they cannot veer, is

potentially deadly, as misdiagnosis and wrong treatments could be fatal.

100.The Lockdown measures whether reasonable and justified or not, pose an

existential threat and harm to the entire nation of South Africa.
THE WEARING OF CLOTH FACE-MASKS ARE PARTICULARLY HARMFUL

101. The following is extracted from a book written by Dr Vernon Coleman

MB ChB DSc FRSA (Title: Proof That Face Masks Do More Harm Than

Good) RM13
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102. Wearing a mask for hours at a time could cause pulmonary fibrosis.

103. People who cough and sneeze into their mask increase the risk of a
build-up of fungi and bacteria — which can lead to dangerous chest infections.

104. Moisture retention, reuse of cloth masks and poor filtration may resutt in
increased risk of infection as a precautionary measure, cloth masks should not
be recommended for health care workers, particularly in high-risk situation.
British Medical Journal published a paper entitled, A Cluster Randomised Trial
of Cloth Masks Compared with Medical Masks in Healthcare Workers, 20156

105. Pregnant women should not wear a mask, this is risky both to not themselves
and to their unborn child. There is a real risk that the baby will be stillborn or in
some way damaged or poorly developed at birth.

106. According to a dentist, Marc Sclafani, (told the New York Post) ‘gum
disease, or periodontal disease, will eventually lead to strokes and an
increased risk of heart attacks.’” The fact that face coverings increase mouth
dryness and contribute to a build-up of bad bacteria as people tend to breathe
through their mouth instead of nose when wearing a mask.

107. A man suffered a collapsed lung after running 2.5 miles while wearing a
face mask due to high pressure in his lungs.

108. Wearing masks reduce oxygen levels and increase levels of carbon
dioxide. The side effects of excess carbon dioxide (hypercapnia) are
headaches, dizziness, drowsiness, nausea, vomiting and a tight feeling in the
chest.

109. According to Dr Margarite Griesz-Brisson MD PhD is a leading European
neurologist and neurophysiologist, masks causes brain damage due to lower

oxygen levels. When the oxygen deprivation becomes chronic, the symptoms
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disappear because the body gets used to them. However, efficiency remains
impaired and the damage to the brain continues.

110. In March 2020, Dr Jenny Harries, Deputy Chief Medical Officer in the
UK, warned that it is possible to trap the virus in a mask and start breathing it
in. She said that wearing a mask was not a good idea.

111. Face mask use was found not to be protective against the common cold.
Use of surgical face masks to reduce the incidence of the common cold among
health workers in Japan: a randomized clinical trial was published in the

American Journal of Infection Control in June 2009.

112. Neither surgical nor cotton masks effectively fitered SARS-CoV-2 during
coughs by infected patients’. Annals Internal Medicine 2020. The title of their
paper was, Effectiveness of surgical and cotton masks in blocking SARS CoV
2: A controlled comparison in 4 patients.

113. It is likely that anyone who wears a face mask for long periods will have
a damaged immune system —and be more susceptible to infection.

114. There is increase in dry eye symptoms among mask wearers.
Ophthalmology and Therapy (published in September 2020), written by Majid
Moshirfar, William B. West Jr and Douglas P. Marx .

115, The World Health Organisation recommends that disposable masks
should be discarded after one use. However few people can afford this, so
masks are frequently worn more than once. This massively increases the risk

of a chest infection developing.
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116. Reports are suggesting that the bacterial pneumonias are on the rise
due to face masks. Dr James Meehan.

117. if mask wearing were a science, the rules would be constant — but they
are not. It is clear, therefore, that there is no science behind mask wearing.

118. Small children are more likely to develop a weakened immune system if
they wear a mask. | would strongly advise parents not to use any form of face
covering for their baby,' said Dr Rebecca Fletcher, chair of Bury, Rochdale
and Oldham Child Death Overview Panel.

119. Masks have no significant preventative impact against any known
pathogenic microbes, specifically, regarding covid-19, we have shown...that
mask use is not correlated with lower death rates nor with lower positive PCR
tests. Masks have also been demonstrated historically to contribute to
increased infections within the respiratory tract' ...'the use of face masks will
contribute to far more morbidity and mortality than has occurred due to covid-
19." Masks, false safety and real dangers, Part 2: Microbial challenges from
masks. Boris Borovoy, Colleen Huber and Maris Crisler.

120. The wearing of cloth-masks over the mouth and nose, is extremely

harmful and even deadly.
THE SUPPOSED COVID-19 VACCINES

121 If the virus has not been isolated nor a link established to a disease, then
there can’t be any remedy, much less a vaccine.

122. Not only has multiple vaccines been developed in the absence of proving
the above-mentioned but these vaccines have been developed in

unprecedented short period of time, even skipping animal trials.
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123. These vaccines possess so-called new vaccine technology that have
never been tried on humans before and some of them contain foetal tissue
and chimpanzee cells, which many people would find objectionable.

124. Not only are these vaccines unprecedented but the idea of vaccinating
the entire human-race has also never been done.

125. The early rollouts of vaccines in other countries have not only seen
fatalities and injuries, but the process has not been stopped at all.

126. The CDC website cites a number of vaccine recipients who have
reported some adverse reactions within 0 to 7 days of having been RM14

vaccinated. Reactions and Adverse Events of the Pfizer-BioNTech COVID-

19 Vaccine | CDC and https:!lwww.cdc.govlvaccineslcovid-1Qlinfo-by-

product/pfizer/reactogenicity. htmi

127. In the United Kingdom, various Covid 19 Vaccine Adverse Reactions per
type of vaccine (e.g. Pfizer, Astrazeneca etc) are recorded in the weekly report
Coronavirus vaccine - weekly summary of Yellow Card reporting . They
include Blindness, Lymphadenopathy, Death, Diarrhoea, Pyrexia, Hepatic,

Myalgia Bell's palsy etc. Vaccine Analysis Profile - Pfizer/BioNTech Vaccine

Analysis Profile - Oxford University/AstraZeneca Vaccine Analytics Profile -

brand unspecified

128. The vaccines have never been developed at such a fast pace, some of
these technologies are new untested, never before have we vaccinated the
greater part of our entire population with such a new technology, the vaccines
contain objectionable ingredients and many injuries and deaths have already

been reported linked to these new vaccines. Arguably this constitutes, bio-
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medical experimentation on an entire population, using a harmful bio-chemical

compound with known risks to health and life.

PRIMA FACIE RIGHT.
129. The applicant, and the public have the following undisputable prima facie
rights.

a. To Human dignity.

b. Life.

C. Bodily and psychological integrity.

d. To make decisions concerning the security and control over their body.
e. Freedom to practice their trade, occupation and profession.

f. Not to be treated in a cruel, inhuman or degrading way.

g. The right to have access to health care services.

h. Freedom of movement.

i Just administrative action.

130. Not to have limitations imposed on their rights entrenched in the Bill of
Rights and if so that it must be restrictively interpreted, so as to impose a

minimum limitation on those rights, in accordance with section 36 of the

Constitution.
131. That the Bili of Rights be applied to all law including the DMA.
132. The Applicant has a right to access to information in terms of Section

32 of our Constitution, and that is what he is essentially requesting here.
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133. From the above it is clear that a strong case has been made by the

applicant and those it is acting on behalf of, have at least one prima facie

right.

REASONABLE APPREHENSION OF IRREPARABLE AND IMMINENT HARM.

134. | submit that harm is apparent in this instance, as set out throughout

this founding affidavit.
135. Without the relief sought to prevent further harm the applicant and the

rest of South Africa will continue to suffer irreparable financial, material,

physical and psychological harm.

136. The public further stands to be severely prejudiced with the arbitrary

infringements of their fundamental rights should the respondents continue {0

ignore their rights.

137. At the current rate the South African Government will run out of money
to pay the salaries of state employees, it is submitted that If South Africa’s
present economically restrictive lockdown measures are not discontinued
immediately, the respondents may cause 29 times more deaths with the

measures aim to prevent the spread than the virus itself.

138. From the above it is clear that a strong case has been made by the

applicant and those it is acting on behalf of the existence of the reasonable

apprehension of irreparable and imminent harm.
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BALANCE OF CONVENIENCE.

139. The balance of convenience favours the granting of the interdict.

140. | submit that on weighing up the consequences of the prejudice that
each party would suffer if this Interdict is not granted, it would be
immeasurably more detrimental towards the applicant than it would be for the

respondent if it is not granted.

RESPONDENTS PREJUDICE.

141. None, | am simply asking and praying to this Honourable Court that the
respondents produce to me on its terms and merits, a mere sample or
prototypical exampile that it has in its possession in terms of my rights, for me

to verify its existence.

THE RISKS INVOLVED

142. The respondents are welcome to provide the purified physical SARS-
CoV-2-virus to me for verification under whatever security measures they
prefer, and | am willing to indemnify them from any damages or risk during

the period of verification.

NO OTHER REMEDY.

143. We have written to the respondent in this regard which has simply

been ignored. (See Annexure RM13).
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Mdf# At this stage in time the public has no other adequate remedy

available, to prevent imminent and irreparable harm befalling them.

IN THESE PREMISES, | respectfully pray for an Order in terms of the Notice

of Motio éﬁxed hereto.

DEPONENT

RICARDO MAARMAN

820531 5257 086

| CERTIFY that the deponent has acknowledged that he knows and
understands the contents of this affidavit which was signed and sworn to
before me at Cape Town on this the __ 2.\ day of March 2021.
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NEWS / POLITICS

National Minister of Health Zwelini Mkhize Photograph :Phando Jikelo/african News Agency (ANA}

Mkhize says move to level 2 during Easter will prevent
super spreader events

By Se-Anne Rall () Mar 25, 2021

DURBAN - Health Minister Dr Zweli Mkhize has warned that strict precautionary measures will be
undertaken during the Easter weekend to prevent potential super spreader events.

Mkhize's warning comes in the wake of experts' advice for the government to upgrade the country
to level 2 in anticipation of the third wave which is set to hit South Africa next month.

https:/.fwww.iol.co.zalnewslpoliticslmkhize—says-move—to-ievel-z'during-easter-wi|i-prevent—super-spreader»events-35f88b6b-63a1-4b1<;—95d8-384... 1/8



4/8/2021 Mkhize says move to level 2 during Easter will prevent super spreader events /e_ m {
“This is a sensitive period of the Easter period where there is the vulnerability and the chance of the
risk that we could have a super spreading event, with all the festivities and activities that go with 3C
the Easter long weekend. So the advisory was for a temporary increase in restrictions over this
period of time," he said.

Harder lockdown looms for Easter weekend

With the Easter weekend coming up, and the temperatures dipping, A COVID-19 infection surge seems
inevitable. But will we slip into another lockdown for that weekend? Courtesy #DStv403

Speaking to the SABC, Mkhize said discussions on the implementation of stricter lockdown
regulations were still in progress.

“There have been recommendations given about imposing a stricter lockdown but others are
calling for some regulations to be relaxed so there is still consultation around the matter. The
consultation process takes into account the advice given the ministerial advisory committee as
well as the concerns of the various sectors of the economy including social, churches and business
sectors," he said.

Mkhize said the decision is also guided by scientific research.

"We have to balance the MAC's advice and look at hunger, unemployment and economic activities
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As per the latest from the Health Ministry, SA has a cumulative count of 1540 009 Covid cases. The
total death count is at 52 372,

Related Video:

'No indication of COVID-19 third wave'

The former co-chair of the Ministerial Advisory Committee on COVID-19 says he'll still work on the virus.
But his priority is HIV research and other commitments. Professor Salim Abdool Karim is stepping down a
year after serving on the committee. He says there are no indications yet that we're heading for a third...

ioL

COVID-19 3RD WAVE LOCKDOWN
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The Vaccine Adverse Event Reporting System (VAERS) Results
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Other Data Access  Heip for Results  Prinding Tip Fisdp wilh Txports w Save J H Export : i Reset

Quick Options °

Messages

" Mare Dptions | T op [ stes Citation Query Griter]

» VAERS data in CDC WONDER are updated every Friday. Hence, results for the same query can change from week to week.

» These results are for 645 total events.
» When grouped by VAERS 1D, results initially don't show Events Reported, Percent, or totals. Use Quick or More Options to restore them, if

you wish.

¢ Click on a VAERS ID to see a report containing detailed infermation for the event.

Same measures are hidden, use Quick or More Options above to restorg them.

Serious § ¥:;:me ;‘:ERS Adverse Event Description $3
: COviD19 on 12/24/2020 the resident was sieepy and stayed in bed most of the shift, He stated he was deing okay but
Yes VACCINE | 0909435%-1 | requested pain medication for his legs at 250PM. At 255AM on 12/25/2020 the resident was observed in bed lying
; {COVID19) | still, pale, eyes half open and foam coming from mouth and unresponsive, He was not breathing and with no pulse
covib19 : Patient had mild hypotension, decreased oral intake, somnolence starting 3 days after vaccination and death 5 days
Yes VACCINE | 0910363-1 | after administration. He did have advanced dementia and was hospice eligible based on history of aspiration
(COVID19) pneumonia,
COVID19 M dmother died a few h ft iving the mod id vaccine booster 1. White 1 don?t t that th
Yos VACCINE | 02137334 y grandmother died a few hours after receiving the moderna covid vaccine booster 1. ite I don?t expect that the
(COVID19) events are related, the treating hospital did nat acknowledge this and [ wanted to be sure a report was made.
o cOViDio Resident in our long term caremfhaciiity who received first dose of Moderna COVID-1% Vaccine on 12/25}5555?%!\1
Y VACCINE | 0814621-1 documented side effect was mild fatigue after receiving, She passed away on 12/27/2020 of natural causes per
s (CoVID1g) st report. Has previcusly been in & out of hospice care, resided in nursing home for 9+ years, elderly with dementia.
Cue to proximity of vaccination we felt we should report the death, even though it is not beiieved to be reiated.
coviDi1g
Yes {VACCINE | 089158801 | Patient died within 12 hours of receiving the vaccine.
H{COVID1g) | ]
i After vaccination, patient tested positive for COVID-19. Patient was very ill and had numerous chronic health issues
¥ \?E(\:’c';!‘:d?i 99171174 prior to vaccination. Facility had a number of patients who had already tested positive for COVID-19, Vaccination
es (CDVID‘!Q): i continued in an effort to prevent this patient from contracting the virus or to mitigate his risk. This was unsuccessful
: and patient died.
At the time of vaccination, there was an outbreak of residents who had aiready tested positive for COVID 19 at the
| Y 35;3:195 C 091775041 nursing home where patient was a resident, About a week later, patient tested positive for COVID 19, She had a
[ Tes (COVID19): T number of chronic, underlying health conditions. The vaccine did not have enough time to prevent COVID 19, There
i is no evidence that the vaccination caused patient’s death, It simply didn't have time to save her life,
COVID19 Prior to the administration of the COVID 19 vaccine, the nursing home had an outbreak of COVID-19. Patient was
' Yes VACCINE | 09177931 | vaccinated and about a week iater she tested positive for COVID-19, She had underlying thyroid and diabetes
i [COVID19) disease. She died as a result of COVID-19 and her underlying heaith conditions and not as a result of the vaccine.
COVID19
Yes VACCINE | 0918865-1 | 1/1/2020: Residents was found unresponsive. Pronounced deceased at 6:02pm
{CovIiD1g) 1
COVID1S
Yes VACCINE | 0818487-1 | Two days post vaccine patient went into cardiac arrest and passed away.
{COVID18} N B
covib1g
iYes VACCINE : 08185181 { syncopal episode - arrested - CPR - death
{COVID19)
- covits Resid hibited no ad ts during 30 minut itoring followi ine administration. Resident found
Yes VACCINE | 0918537-1 esi ent exhibited no adverse events during minute monitoring following vaccine administration. Resident foun
H (COVID19) ; withcout pulse at 1900,
| ; .
: coviD19  Red d h with edema to right side of neck and under chin. Resident Hospi i d expired
Yes VACCINE | ou203z6q | Redness an warmth with edema to right side of neck and under chin. Resident was on Hospice services and expire
: {COVID19) on 1.1.21 -
12/30/2020 07:02 AM Resident noted to have some redness in face and respiration were fast. Resident vital signs
were abnormal except blood pressure. Temp at the time was 102.0 F taken temporal. Resident respirations were 22
labored at times. Pulse is 105 and pulse ox 94% on roormn air. Resident is made comfertable in bed. Notified triage of
change in condition also made triage aware of resident receiving Covid vaccination yesterday morning. Resident
appetite and fluid consumption has been poor for few days. 12/30/2020 07:32 AM Received order from agency to
o administer Acetaminophen 650mg suppos rectally due to resident not wanting to swallow anything including fluids,
Y sgg::m: pazoaes.y | medications and food. This writer administered medication as NP ordered. Will monitor for effectiveness and adverse
es (COVID1S) = | effects if any. 12/30/2020 08:41 AM Received new orders to obtain Flu swab, obtain CBC and BMP, and Chest Xray all
to be obtained today. Notified family of resident having temperature and vital signs excluding b/p that was abnormai.
Family was thankfu! for cali and inierated to nurse that family does not want resident sent to hospital. Did educate
farnily on benefits of Hospice services, but family persistant on continued daily care provided by nursing staff.
Requests visits if decline continues. Family assured if resident continues to decline, facility will accomandate resident
family to be able to be at bedside when time comes to do so. NP ordered IVF and IV Levaguin on 12/31/20. family
] chose at that time to sign for Hospice services and not have resident provided with TVF or IV Antibiotics
CoviD1g |
‘Yes VACCINE @ 9370815-1 | Found deceased in her home, unknown cause, 6 days after vaccine.
: {COVID18) : o 3
: COVID19 |
‘Yes VACCINE | 0921547:1 | DEATH ON 1/4/2021. RESIDENT RECIEVED VACCINE ON 1/2/20
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i history and concomitant medication is not provided. The patient experienced Death. The event occurred /Z‘e
approximately one day after receiving their first of two planned doses of mRNA-1273 {Lot unknown). Very iimied
information regarding this event has been provided at this time. Based on temporal association hetween the use of
the product and the onset of the event, a causal relationship cannot be excluded and the event is considered pessibly
related to the vaccine.; Reported Cause(s) of Death: Unknown Cause of Death
: COVID19 PATIENT WAS IN CLINIC FOR 18T CLINIC. WAS DISCHARGED BEFORE QUR 2ND CLINIC, HE CAME BACK TC OBTAIIG;
Yes VACCINE | i HIS 2ND SHOT. WE WENT OUT TO THE CAR GAVE SHOT, THE NEXT DAY TO MY KNOWLEDGE, HE STARTED CODIN
: {COVID19) - ~" . AT HOME, AMBULANCE WAS CALLED AND HE CONTINUED TO CODE, THE AMBULANCE CREW TRIED CPR FOR 30
MINS WITH NO LUCK. PATIENT PASSED 2-3-21,
: coviDig
i Yes VACCINE . 18022281 ; spontaneous death, found unresponsive in celi after normal morning activities
: (COVID19} -
: COVvID19 Patient was seen at 0710 he was sleeping but at normal cognitive behavior Patient was again assessed at 0720 where
‘Yes VACCINE | 1002813-1 | he was noted to be unresponsive, BP 180/100s, HR 230s, he was a DNR therefore not CPR was administered, EMS
: {COVID19) arrived at facility patient was noted to be in full cardiac and respiratory arrest, Time of death 0735
: CoVID19 Client lives alone and had dinner at his hlome with family members after the 4:40 appointment. Client stated that in
' Yes VAGCINE | 1002840-1 generat he did not feel well but did not give any specific symptc_-m. FaAmAin states they asked the client to go to the £R
i icovio1g, and the client refused. Family states they helped the client to his chair in the fiving room and then ieft to go home.
Family states that the client was found in his bedroom the next morning at 7:54 a.m, deceased,
CARDIAC ARREST, DEATH Narrative: The patient presents to the emergency department in cardiopuimonary arrest.
COVID1D CPR was continued upon arrival. The Combi tube was removed and an endotracheal tube was placed without
 Yes VACCINE ; 1602831-1 complications. ROSC was obtained multiple times but the patient continued to go inte PEA. The patient was seen in
(COVID19); | the emergency department by both critical care and Cardiology. EKG shows ST elevations, but the patient was
unstable to go to catheterization. The patient had 1 episode of asystole. Despite best effarts and multiple attempts
we were unable to resuscitate the patient. Time of death 1253 on 1/24/21.
On 2/1/2021, the patients daughter, who claims is a nurse, reported this incident to me. She stated that the evening
after the patient received the vaccine, she felt some mild injection site pain. The morning after, the patient reported
coviDie i severe abdominal pain, diarrhea and vomiting. The patients daughter then called her physician to report these
Yes VACCINE | 1003390:1 & symptoms and attributed them as an adverse reaction to the vaccine at that time. These symptoms were intermittent
{COVID19) far one week and no other adverse reactions were noted. In the early marning hours of 1/27/2021, the patient was
toiteting and had expired while doing so. An ambulance was called and cause of death was not found, An autopsy was
not performed.
"Death; A spontaneous report was received from a nurse concerning a 91-year-ald, female patient who received
Moderna's COVID-18 Vaccine (mRNA-1273) and died two days {ater. The patient’s medical history included dementia.
Concornitant medications reported included paracetamcl. On 21 Jan 2021, approximately two days prior to her death,
the patient received the first of two planned doses of mRNA-1273, intramuscularly for prophylaxis of COVID-19
infection. Gn 23 Jan 2021, the patient died. The nurse repaorting the event stated that the patiept's death was
considered as due to ""natural causes"" and that she was not aware of any new-onset symptoms of illness prior to
the patient's death. The patient was described as ""fragile" and was under hospice care at the time of her death. An
COVID1% autopsy was not perfarmed. Action taken with the drug in response to the event is not applicable. The patient died on
i Yes VACCINE | 1004266-1 ; 23 Jan 2021, The cause of death was natural cause of death related to dementia. Autopsy was not performed.;
: (COVID19) Reporter's Comments: This case concerns a 91-years-old female patient, with medical history of dementia, who
: experienced & serious unexpected event of death. This event occurred 2 days after first dose of mRNA-1273, lot #
unknown:. At the time of death, the subject was very fragile and was in hospice care, Concomitant medication
included Tylenel. Treatment details were not provided. The doctor considerad that the death was due to natural
causes. However, autopsy was not performed. Very fimited information regarding this event has been provided at this
time. Based on the kmited information available, it is difficult to assess a cause and effect reiationship. The benefit-
risk relationship of Moderna's COVID-19 vaccine is not affected by this report.; Reported Cause(s) of Death: Natural
cause of death refated to dementia"”

: Cn 1/23/21 the patient had a single-car accident, sfid off icy road into snowbank. She was seen in our ER, diagnosed
covID19 | w/ trauma and L4 compression fracture. She was transported to Hospital for further travma workup. We believe she
Yes VACCINE | 1604811-1 | was treated and released. On 1/31/21 the patient had a headache but did not seek medical attention. In the maorning
: {COVID19} of 2/1 she became unresponsive and was pronounced dead on the scene when EMS arrived. Autopsy showed a left

tempora! subdural hematoma.
CovID19
Yes VACCINE | 1004356-1 | Wife reported patient expired on 2/3/2021
{COVIDtg)
: CoviD19
i Yes VACCINE | 1005130:1 | Report of patient expired on 2/3/2021
H {COVID19)
covViD19 . o " . . . )
Yes VACCINE | 1005217-1 Nursing _home called 911 for decline in condition. Patient transported to ER where she was admitted to inpatient care
(COVID1g) and expired 1/30 at 16:13
COVID19 chills 1 day after vaccing administration; found dead by family 1/18/2021 Narrative: Per patient famify repost, patient
Yes VACCINE | 1005276-1 said the next day after vaccination: that he didn't feei welt because of chills. Patient was found dead at home by his
: {COVID18) I family on January 18th. He was a 74yo man with castrate resistant prostate cancer and liver and hore metastases

with rising PSA, status post intravenous chemotherapy 1/7/21
: coviD19
Yes VACCINE | 1005377-1 | "Significant other reported patient expired ""a week before 2nd vaccine was due""."

; (covib19}
i COVIDt9 . . E
| Yes VACCINE | 1005455-1 We don't know what happened. 25 hours after- the shf)t, he started gagging and stopped breathing. He was
(COVID19) pronounced at QSF at 8:07prm after we took him off life support.
covID19
iYes VACCINE | 1005568:1 | Pt. deceased.
H {COVID19)
Notes of the checks/events with resident: 18:36 2/2/21 Resident had no complaint of pain, swelling, redness or
: COVID19 warmth to vaccine site. No signs and symptoms of fever, chills, tiredness or headache, T 97.2 02:50 2/3/2021
‘Yes VACCINE | 1006216-1 ! Resicent received 2nd COVID vaccine. No complaint of pain, swelling, redness or warmth to vaccine site. No signs
: {COVID19} and symptoms of fever, chills, tiredness or headache. T 98.1 07:15 2/3/2021 Resident was observed not breathing.
911 was contacted along with the doctor. Resident was confirmed having passed away.
2/2/21-1000-patient presented to the ifocal emergency room with complains of fever, shortness of breath and
cOVID19 decreased oxygen sats, temp 101.7, puise 102, respirations 36, BP 141/92, oxygen 94%. Lung sounds crackles
%Yes VACCINE | 1006228-1 bilaterally with rhonchi on the left, patient workgd up for sepsis, CXR shows mild atelectasis. bicod pressure dropped,
! {COVID19) “ | and continued to drep through treatment requiring levophed drop to be initiated. Patient POA determinad that this
; would not be her sister's wishes and made the decision to make patient comfort care status. 2/3/21- patient lethargic
throughout night. 6640-patient demise.
coviD19 :
Yes VACCINE | 1006289-1 : death- 2/1/2021
(COWD‘}B)_ ;
i COVID19
i Yes VACCINE | 1006303-1 | death- 2/1/2021
: {COVID19)
: COvID19
Yoo VACCINE 1ANRY1A-H Aazsth. 2/2/3001




| {COVID19) |

{(COVID19)

COVID1g {k .
{Yes VACCINE : 1048613-1 | patient passed away within 60 days of receiving a COVID vaccine Z'
: {COVID19)
: COVID19 O‘
Yes VACCINE | 10458698:1 | patient passed away within 60 days of receiving a2 COVID vaccine lf'
{coviD13) .
Per ED note: Brought in ED by EMS at 1945 for acute shortness of breath and hypotension. Patient was placed on
; CoviD19 : supplemental oxygen and covid test completed. Patient was placed an BiPAP to maintain oxygen greater than 90%.
{Yes VACCINE | 1046795-1 { Found to be in metabolic acidosis. Patient became unresponsive and pulse could not be palpated, Chest compressions
{COVID19) were initiated. ACLS medications given and pulses regained. Patient jost puise 30 mins later and never regained
pulse. Per ED noted; likely developed a PE, Passed away at 2127
COvID19
Yes VACCINE : 104E845-% | Deceased 02/18/2021 with an unknown cause of death
{COVID19)
COoviD19
Yes VACCINE | 1046881-1 ' Code blue called at 11:00pm. Patient had code status of Do Not Resuscitate.
{COVID13)
COVID19
i Yes VACCINE & 1047183:1 | Pt had expired before second dose was delivered.
: {COVID19)
: COViD19
i Yes VACCINE | 10471871 | death
: (COVID19)
H cOvID19 Patient felt fine on Friday afternocn and evening after shot. Felt fine on Saturday until the afterncon when she started
 Yes VACCINE : 1047282.1 | feeling fatipued and chilled. Decided to take a warm bath at about 6pm. Was found dead in bathtub at approximately
; {COVID1Y) 7pm with blisters on arms, legs, and face.
‘ COVID19 According to patient's caregiver, patient presented with symptoms of fever (101.6 F} and purple blotches ali over the
EYes VACCINE | 104732641 body within an hour, Since patient was in hospice , caregiver called Hospice and a pharmacy and was told to give
: {COVID19) TS| patient Benadryl and Tylenol. Patient was given both medications and the fever subsided in a few days but the purpie
blotches never went away. Patient passed away at the facility a week later.
"Was given vaccine around 1:30Pm on 2-11-2021. He and his wife waited in the building for 15 minutes and then
| covID1g | {eft. he denied comptaint. (He was waiting tc have both Covid shots befare he went to cardiclogist Re: CAD.) He had
' Yes VACCINE | 1048786-1 | an alarm going off in his house, was going to basement ta check it out. Police officer heard atarm, came into house, &
: H{COVID19) heard a thud when Doc fell. He was in PEA (Pulseless Eiectrical Activity) when brought inte ER, Given 5 ""rounds of
Epinephrine with no response.”
COVIDTS Vaccine was administered 2/1/2021 at approximately 9am. Due to seif reporting of allergic reaction (hives) to
éYes VACCINE | 10488821 Augmentin, patient was monitored on site for 30 minutes. After the monitoring period, she was cleared to go with no
! {COVED19)A ****** Issues reparted at the time, We were later informed that the patient passed away from a pulmonary embolism on
3 2/12/2021.
COVID1S Patient experienced an episode of emesis and 10ss of consciousness several hours after vaccine on 2/16/21. He was
taken by EMS to the hospital end was noted to be hypoxic and hypeotensive. He was admitted to the hospital and
i Yes VACCINE | 10489471 ¢ p i i
| {COVID19) subsequently intubated. He Was also found to have a small bowel ol?strucrlon and a nascgastric tube was placed to
i decompress the bowei. He required pressor support as weli. He expired on 2/17/21,
i COVID19 Patient was given vaccine on friday, one week later she passed away. The family calied the pharmacy to inform us on
‘Yes VACCINE | 10490121 | Saturday, Feb 20, 2021. After the phone call was over, we saw in her pharmacy profile that she had received the
(COVID19} vaccine one week prior
Patient passed away Saturday at 14:04pm. Patient's wife reports his death was sudden, he passed away sitting in his
chair his heart just stopped she said. They tried to perform CPR, 911 was called and paramedics arrived at the scene
COVID18 and he was given rr]edigation but never had any return of vital signs and so his death was calied at the scene, Wife
Yes VACCINE | 1048359-1 reports he was not ill, did not have any symptoms prior to the event. They are not going to be doing a autopsy. She
i (COVID19) 7 1 wanted us to know based on timing that there may be some possible correlation with his COVID19 vaccine. He
obtained the vaccine on 02/09/2021 - wife reports he had no symptoms, not even arm soreness after the vaccine.
Hag no fever, shortness of breath, Did not complain of chest pain. We can update chart to reflect the patient is
deceased and lets make a card for the family.
: COVID19 Fatient rcvd 1st covid 19 vaccine on 1/26/2021. Patient had house guests on 1/30/21. These house guests tested
‘Yes VACCINE | 1049406-1 : positive for covid on 2/1/2021. Patient started getting symptoms cn 02/2/2021, Patient tested postivie on 2/4/2021,
: {CoVID19}): Patient was hospitalized 2/7/2021. Patient passed away on 2/21/21.
Y covipns [ was notified on 2/22/21 that this patient passed away over the weekend. [ do not know the detaits, nor can [
{Yes VACCINE | 10496451 : ; :
i {COVID19) confirm anything beyond what 1 was teld. I believe the death occurred on 2/20/21 due to a massive stroke.
: COVID19 . R . . . N . .
' Yes VACCINE | 1049853-1 When ca]hng to get billing information we were notified that patient had passed away. Patler.nt s d@ughter said patient
; (COVID19) was having cvd a/s on 2.1.2021 got vaccine 2.2,2021 and passed away 2.5.2021. Cardiologist said not related
COVID19 Found lying face down without respiration or pulse, believed to be within 5 minutes of event. ACLS procedures
‘ Yes VACCINE ; 1049963-1 { ynsuccessful. Unable to get autopsy. Believed to be heart attack secondary to COVID infection, but unconfirmed.
; (COVID18} : Relative contribution of recent vaccination unknown.
Vaccine was administered at Nursing Facility. Patient is an 89-year-old female with prior medical history of CVA with
! COvID19 dysphagia, history of possible dermentia, GERD, hyperlipidemia, and a pacemaker, She is a resident from town. She
Yes VACCINE | 106458571 | was sent for hypotension with a biood pressure of 20/52, tachypnea respirations of 54, possible aspiration
| [COVID19) pneumonia, Status post Covid vaccine earlier today, History is limited as patient is nonverbal on my exam. Ceath
within 24 hours of vaccination
Pt received second Moderna Vaccination on 2/21/21 at 1:00 pm at Pharmacy. Pt present on 2/22/21 to ER via
ambulance at 1940. Upon presentation C/C hypotension Post COVID vaccine. Nurse notes states that Home Heailth
COVID19 nurse sent patient to ER secondary to hypotension and hypergiycemia. Pt states back ached and was holding his
Yes VACCINE | 1050%37-1 | head. Nurse noted pt had random petechiae over body and bruising te abdomen fellowing injections received during
{COVID18) recent hospitalization. (unknown haspitalization). Patient was treated with IVF bolus in addition to initiating
Dopamine for hypotension, patient became agenal and daughter at bedside presented Adv. Directive, pt was DNR. Pt
pronounced time of death was 2110pm. (Pt only reported a sore shoulder secondary to vaccine}.
i coviD19 Individual deveioped severe body aches, severe shoulder discomfort, high fevers (documented max temp. 103.7 F).
iYes VACCINE | 105 Daughter reported that she became non-responsive with high fevers, and when the fevers decreased she was more
i (COVID19} futid, Her condition rapidly progressed to nausea vomiting, diarrhea and patlent died on 2/8/2021.
COVIMS
Yes VACCINE | 10502011 | Died 7 days after receiving 2nd dose of Moderna vaccine. Had underlying hx Lung CA w/mets.
; (COVID19} :
covin19 p . . ’ . . ) .
Yes VACCINE | 1D5028%-1 er family, patlgnt has been feeling sick since he was vaccinated, patient went to ER on 02/15/2021, and after few
hours at ER patient passed away.
{CDVID19)
Since I was not with my husband 1 can only tell you what was told to me. He walked out of the store toward our car
Someone watched him, concerned, because he was walking very slowly (normally has a slow gait because of leg
: COovID19 braces and toe amputations so [ don't know if it was unusually slow), The woman saw him fall and she ran to help-
i Yes VACCINE : 1050431-1 | administered CPR immediately-and told me he died instantly. Medics tried to resuscitate and failed to bring a pulse.
: {My husband left our home around 11 15 to érop a package off at store. The store is one mile fram our home, A%
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COVIDg V/
: Yes {VACCINE | 1078246-1 | Death. Ruptured myocardial infarct. L
; (CovID19) i o )
covIDig Developed fatigue, body aches, headache 1 day after vaccination on 3/3. The morning of 3/5 complained of chest
i Yes VACCINE @ 1078352-1 | pain. Took Tylenoi at 8:30 am. At 10:30 am his family found him unresponsive. EMS was called and he was f
{COVID19) ¢ pronounced dead in the home.
. COVID19 :
‘Yes VACCINE | 1079251:1 | Patient died the day after she received her vaccine
: (COVID19) ; )
: coviD19 |
- Yes VACCINE | 1079904.1 | SUBJECT WAS FOUND DECEASED ON 22 FEB 2021 AT ARQUND 11:30 PM
{COVID19)
COVID19 . . . .
 Yes VACCINE | 1079358-1 Pt found down and pulseless in home by husband. EMS called, Pt found to be in PEA arrest, Pt achieved ROSC with
: (COVID13) o ~ 1 CPR and Epinephrin. Pt Passed away on 09/07/2021 at 1330. Pt was in muitisystem organ failure.
o H 12/23/20 (Moderna £1) - Malaise, cough on 12/24, went to walk-in on 12}25 c/o cough, malaise, rx'd Augmentin
xidd, Rapid covid negative (and PCR resulted negative). 12/27 slept all day, 12/28 back to work, 1/12/21 metallic
: covID1s taste in mouth, severe GI sx, malaise, aches, headache. 1/14 seen at waik-in and covid swabbed Negative. 1/23/21
: Yes VACCINE | 10739976-1 : exposed to parents who found out they were covid + on 1/22/21. 1/25/21 (Moderna #2) - Continued with persistent
(COVID19) cough and Gl sx. Then also developed urinary frequency and urgency, Seen at urgent care 2/1 ¢/o cough, dx URI,
rx'd augmenting. Woke up morning of 2/2/21 abruptly, stood up, said something was wrong, and collapsed. CPR
atternpted immediately, EMS brought him to ER where he was pronounced dead.,
Narrative: Patient with h/o ESRD on HD MWF, HTN presented to ER on 2/20/21 with worsening dyspnea and GI
symptoms; tested positive for COVID-19. Patient had received first COVID vaccination approx. 9 days prior. Patient
: COVID1S admitted to ICU for treatment of COVID+ FNA. During admission, patient often could not tolerate removal of fluid
‘Yes VACCINE | 1080425-1 | during HD d/t tachycardia. He received dexamethasone, convalescent plasma for COVID. Patient underwent TTE
: {COVID19) which was notabie for septal wali motion abnormalities and grossly reduced EF. Admission also ¢/b acute liver injury,
possible cholecystitis, thrombocytopenia, SVT, encephalopathy. Patient then developed progressive shock and
hermodynamic instability on 3/2 and passed away on 3/2/21,
: ECOV b DEATH Narrative: no documentation regarding any immediate reaction after vaccine administration. 83 y.0. male with
v VACll‘.:l:i; 10804291 pmih severe pulmonary hypertension, s/p TAVR last year, severe asbestos related lung disease on chronic exygen,
: es {COVID13) T recently started on palliative care, Was found by daugher deceased on the morning of 2/11/2021. Autepsy declined
by family.
; covib1g o . o o
; Death Narrative: Death was not determined to be related to COVID vaccination, COVID vaccination (dose 1) occurred
:Yes VACCINE | 1050430-1 h !
i {COVID19) on 1/27/2% with no noted side effects. Death occurred on 2/314/21,
i Narrative: 67 year-cld mzle received his 1st COVID vaccine dose at a clinic on 2/25/21 at_-vﬂi'i-;;‘é_awéf_i\ﬂlrcwavl;;o;ii'}iwﬁ
i prior COVID infection. Mo history of vaccine allergles or allergies to any component of the COVID vaccine. Does have
history of allergic reactions inciuding hives, angioedema or anaphylaxis to some medications (neomycin, Neosporin,
bacitracin} and environmental allergens (yeliow jackets, fir trees). Patient reported previously daily use of
: diphenhydramine (2 caps every morning) and kept an epi-pen on hand, The afternoon of 2/26/21, patient presented
; to his neighbor's house requesting assistance with an epi-pen. Neighbor reported significant swelling around tongue
4 and lips, and ability to faintly speak. Neighbor administered epi-pen, but unsure if it worked, sc administered a 2nd
¥ \Cfgglccl,ngE 10804311 epi-pen. Within a minute or two after the 2nd dose, patient slumped over and became non-responsive. EMS was
es {COVIDIY) P called and neighbor began CPR, EMS reported that patient was non-responsive upon arrival, A King airway was
placed and a Lucas device used for chest compressions. Three rounds of epinephrine were administered during
transport to the local emergency room. Patient remained unresponsive with evidence of PEA during transport. Arrival
at the ER occurred ~ 4:25pm. On arrival patient noted fo be unresponsive with CPR in progress, Dose of epinephrine
administered ~ 3 minutes after arrival in ER. No fermoral pulse palpabie, cardiac monitor did show some electrical
activity. Evaluation of orat cavity showed significant sweiling of tongue. Additional dose of epinephrine given. Patient
remained with no palpable central pulse and showed continued evidence of PEA. Patient was estimated to have been
down > 45 minutes. Patient pronounced deceased at 4:5%pm,
: covibig
i Yes VACCINE | 1080433-1 | unknown cardiovascular event
: (CovID19)
; CovID1s Death Narrative: Patient passed away on 3-2-21, patient received the vaccine on 2-24-21. Patient was obese and had
: Yes VACCINE | 1080434:1 " e ! :
; (COVID19) several co-morbid conditions.
: COVID19 Patient received vaccine 1/26/2021, complained of fever and chills post vaccine. Daughter reparted worsening
‘Yes VACCINE | 10806711 | symptoms to confusion, decreased appetite, N/V and chest pain. Dry cough and SOB. Patient admitted to facility for
: {COVID19) Chest pain, AMS on 2/2/2021, Expired 2/2/2021.
:Yes Sggg:é 4DE1009-1 there were no signs of adverse reaction: at the tirne of injections and she waited 15 minutes at the site to watch for
(COVID19) T ~ | side effects. and none were evident or reported. We were notified that she passed away on Saturday, March 6.
: COVID19 Patient expired 2 days after receiving the vaccination. Patient had other signs of deterioration over the course of the
‘Yes VACCINE | 10810331 | previous month with worsening edema and difficulty breathing. Unlikely to be related according to our assessments,
{COVID19) but wanted to err on the side of caution.
coviD1s
‘Yes VACCINE | 10811551 | Pt died on 3/6/2021. Received Vaccine on 2/12/2021, Unknown cause of death,
: (COVID19)
; COVID19
Yes VACCINE | 1081304:1 | patient passed away within 60 days of receiving a COVID vaccine
: {COVID19)
‘ coviID1a N . !
: P Sudden death approximately 24 hours after receiving 2nd COVID vaccing - symptoms unknown - autepsy revealed
Yes VACCINE & 4DR7i305-1 ] -
: (COVID19) cardiac disease as the cause of death
NO IMMEDIATE ADVERSE EVENTS PRESENT FOLLOWING IMMUNIZATEON, RESIDENT WAS ALERY, RESPONSIVE,
: COoviD19 TALKATIVE, WITHOUT COMPLAINTS, AND ENGAGING IN NORMAL ACTIVITIES AFTER IMMUNIZATION, AS WELL AS
‘Yes VACCINE | 30B1547-1 | THE FOLLOWING DAY, HE WAS FOUND IN BED THE SECOND MORNING AFTER VACCINATION (AT 6:25AM) WITHCOUT
: (COVID19) VITAL SIGNS AND HAD EXPIRED PEACEFULLY IN HIS SLEEP. HE WAS A DNR, NO LIFE SUSTAINING MEASURES WERE
PERFORMED.
: cOVID19
Yes VACCINE | 1082487-1 | Pt passed away on 3/6/21.
‘ {CoviD19)
i coviD19
:Yes VACCINE | 10827D7-1 | death
‘ {covibiy)
COovID19 } L . . . . !
'Yes VACCINE | 18827471 Patient dropped dead 24 hours after receiving the vaccine. The vaccine killed her. She received the vaccine
; (COVID19) SRR 2/16/2021 and died 2/17/2021
. covID1g o
‘Yes VACCINE | 4082759-1 | Death
: {CoVID19)
COVID1S
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COVID-19 vaccine brand unspecified analysis print

Report Run Date: 16-Mar-2021
Data Lock Date: 07-Mar-2021 19:00:03

All UK spontaneous reports received up to and including 07/03/21 for
COVID-19 vaccines where the brand has not been specified.
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Case Series Drug Analysis Print
Name: COVID-19 vaccine brand unspecified analysis print

Report Run Date: 16-Mar-2021

Data Lock Date: 07-Mar-2021 19:00:03

MedDRA Version: MedDRA 23.1
Total _Fatal |

Earliest Reaction Date: 06-Feb-2020

Reaction Name

U UCTS

Lymphatic system disorders NEC

Lymphadenopathy
ii o
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Case Series Drug Analysis Print
Name: COVID-19 vaccine brand unspecified analysis print

Report Run Date: 16-Mar-2021
Earliest Reaction Date: 06-Feb-2020

Data Lock Date: 07-Mar-2021 19:00:03

[Reaction Name

MedDRA Version: MedDRA 23.1
Total ___Fatal

Cardiac disord

Cardiac signs and symptoms NEC
Palpitations

Ischaemic coronary artery disorders
Myocardial infarction

Supraventricular arrhythmias
Adrial fibrillation

Cardiac disorders SOC TOTAL
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Case Series Drug Analysis Print Zx‘ 5

Name: COVID-19 vaccine brand unspecified analysis print
Report Run Date: 16-Mar-2021 Data Lock Date: 07-Mar-202% 19:00:03
Earliest Reaction Date: 06-Feb-2020 MedDRA Version: MedDRA 23.1

e Total _Fatal |

Ear disorders NEC
Ear discomfort
Ear pain 2

Inher ear signs and symptoms
Tinnitus
Vertigo

|Ear disorders SOC TOTAL
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Case Series Drug Analysis Print
Name: COVID-19 vaccine brand unspecified analysis print

Report Run Date: 16-Mar-2021 Data Lock Date: 07-Mar-2021 19:00:03
Earliest Reaction Date: 06-Feb-2020 MedDRA Version: MedDRA 23.1
[Reaction Name Total __Fatal |
Eve disorders
Lacrimation disorders
Lacrimation increased 1 0
Lid, lash and lacrimal infections, irritations and inflammations
Swelling of eyelid B S 1 0
Ocular disorders NEC
Eye pain 2 O
Eye swelling 1 0
Qcular infections, inflammations and associated manifestations
Eye pruritus 1 0
Retinal bleeding and vascular disorders {excl retinopathy)
Retinal haemorrhage 1 0
Retinal struclural change, deposit and degeneration
Retinal toxicity 1 0
Visual disorders NEC
Diplopia 2 0
Vision blurred 4 0
Visual Impalrment and blindness (excl colour blindness)
Blindness transient 0
Visual impairment 1 0
Eve disorders SOC TOTAL 13| 0
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Case Series Drug Analysis Print [f 1
Name: COVID-19 vaccine brand unspecified analysis print
Report Run Date: 16-Mar-2021 Data Lock Date: 07-Mar-2021 19:00:03
Earliest Reaction Date; 06-Feb-2020 MedDRA Version: MedDRA 23.1
Reaction Name Total _Fatal
Gastrointestinal disord
Anal and rectal pains
Proctalgia 1 0
Dental pain and sensation disorders
Toothache 1 0
Diarrhoea (excl infective)
Diarrhoea 9 0
Dyspeptic signs and symptoms
Dyspepsia 1 0
Faecal abnormalities NEC
Abnormal faeces 1 G
Faeces discoloured 1 0
Gastritis (excl infective)
Gastritis 1 y;
Gastrointestinal and abdominal pains (excl oral and throat)
Abdominal pain upper _ 6 0
Gastrointestinal signs and sympitoms NEC
Abdominal discomfort 4 0
Nausea and vorniting symptoms
Nausea 35 0
Vomiting 20 0
Vomiting projectile 1 0
Oral dryness and saliva altered
Dry mouth 1 0
Oral soft lissue signs and sympfoms
Hypoaesthesia oral 1 0
Lip pain 1 0
Oral pain 1 0
Oral soft tissue swelling and oedema '
Lip sweliing 2 0
Stomatitis and ulceration
Mouth ulceration 2 G
Gastrointestinal disorders SOC TOTAL 89 0
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Case Series Drug Analysis Print (rgr

Name: COVID-19 vaccine brand unspecified analysis print

Repaort Run Date: 16-Mar-2021 Data Lock Date: 07-Mar-202% 12:00:03
Eariiest Reaction Date: 06-Feb-2020 MedDRA Version: MedDRA 23.1

[Reaction Name Total Fatal |
General disorders

Application and instillation site reactions
Application site burn - 1 0
Asthenic conditions _
Asthenia ' : o ' 10
Fatigue 55
Malaise ' L . 21
Death and sudden death _ _
Death ' ' S 4
Febrile disorders . _
Pyrexia . o 54
Feelings and sensations NEC
Chills A T 43
Feeling abnormal _ 3
Feeling cold LT : 12
Feeling hot o _ _
Feeling of body temperature change R P T 4
Thirst _ _ o _ 1
Gait disturbances S e T T
Gait disturbance _ _ 4
Gait inability S PR 1
General signs and symptoms NEC
Condition aggravated '
Hlness
Influenza like illness
Peripheral swelling
Swelling
Swelling face
Injection site reactions
Injection site inflammation
Injection site mass
injection site pain
Pain and discomfort NEC
Auxillary pain
Chest discomfort
Chest pain
Discomfort
Facial pain
Pain
Therapeutic and nontherapsulic responses
Adverse drug reaction
Vaccination site reactions
Vaccination site bruising
Vaccination site erythema
Vaccination site induration
Vaccination site inflammation
Vaccination site mass
Vaccination site pain
Vaccination site papule
Vaccination site pruritus
Vaccination site rash
Vaccination site swelling
Vaccination site vesicles
Vaccination site warmth
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Case Series Drug Analysis Print 17‘ 7
Name: COVID-19 vaccine brand unspecified analysis print
Report Run Date: 16-Mar-2021 Data Lock Date: 07-Mar-2021 19:00:03
Earliest Reaction Date: 06-Feb-2020 MedDRA Version: MedDRA 23.1
React] Total _Fatal
General disorders cont'd
324/ 4
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Case Series Drug Analysis Print SL G
Name: COVID-19 vaccine brand unspecified analysis print
Report Run Date: 16-Mar-2021 Data Lock Date: 07-Mar-2021 19:00:03
Earliest Reaction Date: 06-Feb-2020 MedDRA Version. MedDRA 23.1
i e Total __Fatal |
Bile duct infections and inflammations
Biliary colic 1 0
ic di SOC TOTAL 1 0
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Case Series Drug Analysis Print
Name: COVID-18 vaccine brand unspecified analysis print

Report Run Date: 16-Mar-2021
Earliest Reaction Date: 06-Feb-2020

Data Lock Date: 07-Mar-2021 19:00:03
MedDRA Version: MedDRA 23.1

Reaction Name Total Fatal
Allergic con
Hypersensitivity 1 D
Alfergies to foods, food additives, drugs and other chemicals
Drug hypersensitivity 1 0
ne em disorders SOC TOTAL 2 0
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Report Run Date: 16-Mar-2021
Earliest Reaction Date: 06-Feb-2020

Ry

Case Series Drug Analysis Print
Name: COVID-19 vaccine brand unspecified analysis print

Data Lock Date: 07-Mar-2021 19:00:03
MedDRA Version: MedDRA 23.1

mmame Total Fatal |
Coronavirus infections
COVvID-19 1 0
Herpes viral infections
Herpes zoster 1 0
Oral herpes 1 0
Influenza viral infections
Influenza 4 0
Lower respiratory tract and lung infections
Pneumonia 2 1
Sepsis, bacteraemia, viraemia and fungaemia NEC
Sepsis 1 G
Urinary tract infections
Cystitis 1 G
Viral infections NEC
Gastroenteritis viral 1 0
Sweating fever 1 0
infections SQC TOTAL 13 1
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Case Series Drug Analysis Print S D,
Name: COVID-19 vaccine brand unspecified analysis print
Report Run Date: 16-Mar-2021 Data Lock Date: 07-Mar-2021 19:00:03
Earliest Reaction Date: 06-Feb-2020 MedDRA Version: MedDRA 23.1
Eﬁginnﬂamg Total _Fatal |
Exposures associated with pregnancy, delivery and lactation
Exposure via breast milk 1 0
Medication errors, product use errors and issues NEC
Wrong technigue in product usage process 1 0
Non-site specific injuries NEC
Fali 2 0
Non-site specific procedural complications
Incision site pain K 1 0
Injection related reaction i 0
Skin injuries NEC
Contusion 1 0
Injuries SOC TOTAL 7 Q
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Case Series Drug Analysis Print 5‘(/
Name: COVID-19 vaccine brand unspecified analysis print
Report Run Date: 16-Mar-2021 Data Lock Date: 07-Mar-2021 19:00:03
Earliest Reaction Date: 06-Feb-2020 MedDRA Version: MedDRA 23.1
i Total Fatal |
Coagulation and bleeding analyses
Fibrin D dimer increased ' 1 G
international normalised ratic increased 1 G
Heart rate and pulse investigations
Heart rate increased 4 0
Physical examination procedures and organ system status
Body temperature abnormal 1 G
Body temperature decreased 2 0
Body temperature increased 1 0
Therapeutic drug monitoring analyses :
Anticoagulation drug level below therapeutic 1 0
Vascular tests NEC ({incl blood pressure)
Blood pressure increased 4 0
iinvestigations SQC TOTAL 12 0
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Case Series Drug Analysis Print P
Name: COVID-19 vaccine brand unspecified analysis print
Report Run Date: 16-Mar-2021 Data Lock Date: (¢7-Mar-2021 19:00:03
Earliest Reaction Date: 06-Feb-2020 MedDRA Version: MedDRA 23.1
ion Name Total _Fatal
Appetlite disorders
Decreased appetite S 27 0
Hypophagia _ 2 0
Hyperglycaemic conditions NEC
Hyperglycaemia 1 0
ic di SOC TOTAL, 30 0
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Case Series Drug Analysis Print < (
Name: COVID-19 vaccine brand unspecified analysis print
Report Run Dale: 16-Mar-2021 Data Lock Date: 07-Mar-2021 19:00:03
Earliest Reaction Date: 06-Feb-2620 MedDRA Version: MedDRA 23.1
Reaction Name Total Fatal
Muscle & i lisord
Bone related signs and symptoms _ _ _
Bone pain : 1 0
Cartilage disorders
Costochondritis ' 1 0
Joint related signs and symptoms . _
Arthralgia ' o R R 18 0
Joint stiffness _ _ _ 1 0
Joint swelling e o a . 1 0
Muscle pains
Myalgia ' g 23 0
Muscle related signs and sympfoms NEC _
Muscle fatigue 1 0
Muscle spasms 2 0
Muscle tightness 2 it
Muscle twitching 1 0
Muscle weakness conditions
Muscular weakness _ 3 0
Musculoskeletal and connective tissue conditions NEC A
Mobility decreased 1 o
Musculoskeletal stiffness ' 4 0
Musculoskeletal and connective trssue pam and d.-soomfort _ o
Back pain . Jel ' 3 0
Neck pain _ 1 0
Pain in extremity 24 0
(Muscle & tissue disorders SOC TOTAL 87 0
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Case Series Drug Analysis Print
Name: COVID-19 vaccine brand unspecified analysis print

Report Run Date: 16-Mar-2021 Data Lock Date: 07-Mar-2021 19:00:03
Earliest Reaction Date: 06-Feb-2020 MedDRA Version: MedDRA 23.1
Reaction Name Total Fatal |
Nervous system disorders
Acufe polyneuropathies
Guillain-Barre syndrome 2 0
Coordination and balance disturbances
Balance disorder 3 0
Dysstasia 2 0
Disturbances in consciousness NEC
Lethargy 9 0
Somnolence 7 0
Syncope 1 0
Dyskinesias and movement disorders NEC
Bradykinesia 1 0
Hypokinesia 2 0
Eye movement disorders
Vlth nerve paralysis 1 0
Facial cranial nerve d:sorders
Facial paresis 1 0
Headaches NEC
Headache 87 0
Memory loss (excl dementia)
Amnesia ' 2 0
Mental impairment (excl demenﬂa and memo:;y Ioss)
Disturbance in attention 2 0
Migraine headaches
Migraine o 8 0
Retinal migraine 1 0
Neurological signs and symptoms NEC '
Pizziness _ 26 0
Dizziness postural 3 0
Neurological symptom 1 0
Paraesthesias and dysaesthesias
Burning sensation 2 0
Hypoaesthesia 1 0
Paraesthesia 8 0
Paralysis and paresis (excl cranial nerve)
Paralysis 1 0
Seizures and seizure disorders NEC
Convulsions local 1 0
Seizure 1 0
Sensory abnormalities NEC
Dysgeusia 2 0
Sensory disturbance 1 G
Sleep disturbances NEC
Poor quality sleep 1 0
Transient cerebrovascular events
Transient ischaemic attack 1 ¢
Tremor (excl congenital)
Tremor 21 0
INervous system disorders SOC TOTAL 199| 0

Report Run Date: 16-Mar-2021, Page 16



Case Series Drug Analysis Print S &
Name: COVID-19 vaccine brand unspecified analysis print

Report Run Date: 16-Mar-2021
Earliest Reaction Date: 06-Feb-2020

Data Lock Date: ¢7-Mar-2021 19:00:03
MedDRA Version: MedDRA 23.1

Total _Fatal
Abnormal behaviour NEC
Abnormal behaviour 1 0
Anxiely symptoms
Anxiety 1 0
Nervousness 1 0
Stress 1 0
Confusion and disorientation
Confusional state 7 0
Disorientation 4 0
Disturbances in initiating and maintaining sleep
Insomnia 1 0
Emotional and mood disturbances NEC
frritabitity 1 0
Hallucinations (excl sleep-related)
Hallucination 1 o
Mood alterations with depressive symploms
Depressed mood 1 0
Panic attacks and disorders
Panic attack 1 0
Perception disturbances NEC
Autoscopy 1 0
Sleep disorders NEC
Sleep disorder 2 0
Thinking disturbances
Bradyphrenia 1 0
{Psychiatric disorders SOC TOTAL 24 Q

Report Run Date: 16-Mar-2021, Page 17
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Case Series Drug Analysis Print
Name: COVID-19 vaccine brand unspecified analysis print

Report Run Date; 16-Mar-2021
Earliest Reaction Date; 06-Feb-2020

Data Lock Date: 07-Mar-2021 19:00:C3
MedDRA Version: MedDRA 23.1

Reaction Name Total _Fatal |
Bladder and urethral symptoms
Dysuria 1 0
Urinary incontinence 2 0
Renal lithiasls
Nephrolithiasis 1 0
Urinary abnormalities
Haematuria 1 0
Urine odour abnormal 1 0
Urinary tract signs and symptoms NEC
Renal pain 2 0
Renal & urinary disorders SOC TOTAL 8 0

Report Run Date: 16-Mar-2021, Page 18
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Case Series Drug Analysis Print 6
Name: COVID-19 vaccine brand unspecified analysis print

Report Run Date: 16-Mar-2021

Data Lock Date: 07-Mar-2021 19:00:03
MedDRA Version: MedDRA 231

Earliest Reaction Date: 06-Febh-2020
Reaction Name Total Fatal |
Menstruation with increased bleeding
Polymenorrhoea 1 0
Reproductive & bregst disorders SOC TOTAL 1 0

Report Run Date: 16-Mar-2021, Page 19
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Case Series Drug Analysis Print G/
Name: COVID-19 vaccine brand unspecified analysis print
Report Run Date: 16-Mar-2021 Data Lock Date: 07-Mar-202% 19:00:03
Earliest Reaction Date. 06-Feb-2020 MedDRA Version: MedDRA 23.1
i Total Fatal
Breathing abnormalities _ _
Dyspnoea 9 1
Bronchospasm and obstruction
Asthma . . : 1 0
Chronic obstructive pulmonary disease _ _ 1 0
Coughing and associated sympfoms ' : ' :
Cough _ 5 0
Haemoptysis : o . 1 0
Nasal congestion and infiammations
Nasal congestion ' o T B 1 0
Nasal disorders NEC _
Epistaxis - 2 0
Pulmonary thrombotic and embolic conditions _ . _
Puimonary embolism ' : 1 1
Respiratory tract disorders NEC o .
Lung disorder S 1 0
Upper respiratory tract signs and symptoms
Oropharyngeal pain 2 0
Rhinorrhoea 2 0
[Respiratory disorders SOC TOTAL 26 2

Report Run Date: 16-Mar-2021, Page 20
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Case Series Drug Analysis Print L
Name: COVID-19 vaccine brand unspecified analysis print
Repert Run Date: 16-Mar-2021 Data Lock Date: 07-Mar-2021 19:00:03
Earliest Reaction Date: 06-Feb-2020 MedDRA Version: MedDRA 23.1
[Reaction Name Total _Fatal |
Skin disord
Apocrine and eccrine gland disorders
Cold sweat ' 2 0
Hyperhidrosis 9 0
Night sweats 2 0
Dermal and epidermal conditions NEC
Dry skin ' 1 0
Skin burning sensation 1 0
Skin discolouration 2 0
Skin swelling 1 0
Erythemas
Erythema 8 0
Exfoliative conditions
Skin exfoliation 1 0
Photosensitivily and phofodermatosis conditions
Photosensitivity reaction 1 0
Pruritus NEC '
Pruritus 11 0
Rashes, eruptions and exanthems NEC
Rash 9 0
Rash erythematous 2 0
Rash pruritic 4 0
Urticarias
Urticaria 3 0
Skin disorders SOC TOTAL 57 0

Report Run Date: 16-Mar-2021, Page 21



Case Series Drug Analysis Print —
Name: COVID-19 vaccine brand unspecified analysis print G}

Report Run Date: 16-Mar-2021

Data Lock Date: 07-Mar-2021 12:00:03
MedDRA Version: MedDRA 23,1

Eariest Reaction Date: 06-Feb-2020
Reaction Name Total _Fatal
Sogial i :
Disability issues
Bedridden 1 ;
Social circumstances SOC TOTAL 1 0
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Case Series Drug Analysis Print C
Name: COVID-19 vaccine brand unspecified analysis print [7
Report Run Date: 16-Mar-2021 Data Lock Date: 07-Mar-2021 19:00:03
Earliest Reaction Date: 06-Feb-2020 MedDRA Version: MedDRA 23.1
Reaction Name Total Fatal
\Vascular disorders
Haemorrhages NEC _
Haematoma : 1 0
Non-site specific vascular disorders NEC _
Vascular rupture o 1 0
Peripheral vascular disordets NEC
Flushing 1 0
Peripheral vasoconstriction, necrosis and vascular insufficienc,
Peripheral coldness S 1 0
Vascular hypertensive disorders NEC :
Hypertension ' 3 0
Vascular disorders SOC TOTAL 7 0
TOTAL REACTIONS FOR DRUG : o ' 917 8
TOTAL REPORTS 281
TOTAL FATAL OUTCOME REPORTS 8

Report Run Date: 16-Mar-2021, Page 23



Deaths may top 88,000 but lockdown disaster dwarfs COVID-19, say SA actuaries - Medica! Brief 202?/03120.\&1
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Deaths may top 88,000 but lockdown disaster dwarfs CO!
SA actuaries

() MAY6TH, 2020 BB SOUTH AFRICA

if South Africa’s present economically restrictive lockdown measures are not discontinued immediately, they
more deaths than the measures aim to prevent. And each week of continuing lockdown will, in the fong run, ¢

than the virus itself,

Daily Maverick reports that is the stark message in a report delivered to President Cyril Ramaphosa by Pande
(Panda), a multidisciplinary initiative co-ordinated by actuary Nick Hudson, CEO of private equity firm, SANA
itself as a concerned group of professionals and comprises actuaries, an economist, lawyers, a medical doct:

a statistics {ecturer,

The frequently voiced government mantra that lives are being prioritised and that the issue is “lives versus the
described in the Panda report as a false dichotomy. The report notes: “Viruses kill. But the economy sustains

]

too.

Daily Maverick reports it points out that the admitted intention of the lockdown is to “flatten the curve”, to spr
deaths over time, so as not to overburden hospital systems. This “saves lives to the extent that avoidable dea

merely shifts the timing of the rest by some weeks”.

In a letter to Ramaphosa, delivered with the report, Panda requests “an urgent engagement with the governme
that shows that the admitted economic impact of the pandemic will shorten the life expectancy of perhaps
Africans. It points out that, six weeks ago, with little data available about the pandemic, “a rapid lockdown wa

But government should now take cognisance of “new and developing data available today”.

https:/fwww.medicalbrief.co.zajarchives/deaths-may-top-8B000-but-fockdown-disaster-dwarfs-covid-19-say-sa-actuaries/ Page 10f 3
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() MAY6TH, 2020 BB SOUTH AFRICA

if South Africa's present economically restrictive lockdown measures are not discontinued immediately, they

more deaths than the measures aim to prevent. And each week of continuing lockdown will, in the long run, ¢:

than the virus itself.

Daily Maverick reports that is the stark message in a report delivered to President Cyrit Ramaphosa by Pande
(Panda), a multidisciplinary initiative co-ordinated by actuary Nick Hudson, CEQ of private equity firm, SANAF
itself as a concerned group of professionals and comprises actuaries, an economist, lawyers, a medical doct:

a statistics lecturer.

The frequently voiced government mantra that lives are being prioritised and that the issue is “lives versus the
described in the Panda report as a false dichotomy. The report notes: “Viruses kill. But the economy sustains

]

too.

Daily Maverick reports it points out that the admitted intention of the lockdown is to “flatten the curve”, to spr
deaths over time, so as not to overburden hospital systems. This “saves lives to the extent that avoidable dea

merely shifts the timing of the rest by some weeks”.

in a letter to Ramaphosa, delivered with the report, Panda requests “an urgent engagement with the governme
that shows that the admitted economic impact of the pandemic will shorten the life expectancy of perhaps ir
Africans. It points out that, six weeks ago, with little data available about the pandemic, “a rapid lockdown wa

But government should now take cognisance of “new and developing data available today”.

https://www.medicalorief.co.za/archives/deaths-may-top-88000-but-lockdown-disaster-dwarfs-covid-19-say-sa-actuaries/ Page 1 0of 3



(RGRS

Deaths may top 88,000 but lockdown disaster dwarfs COVID-19, say SA actuaries - Medical Brief 2021/03/20,10:24
67

Actuarial analysis could help provide “improved, data-led” decision-making. This would go beyond guantifyinc

the virus, and {ook at the impact of a longer-term humanitarian disaster: this would require the “next best acti

The death toll from South Africa’s coronavirus outbreak this year could range between 46,000 and 88,000, acco
model from the Actuarial Society of SA (Assa). Business Day reports that the outputs vary depending on the

about the percentage of people who are asymptomatic, how infectious people are, and how effective the lock

The Assa model’s output is broadly in line with government projections, and has been provided to Assa’s men
actuaries in their work advising clients in the insurance industry. Life assurance companies in particular, need

projections to assess their mortality expectations and stress test capital requirements, said Assa president L

The report says the model itself is still a work in progress and will only be provided to actuaries at a later stag
local data at present, because South Africa’s epidemic was still in its early stages, and new information was ¢
about SARS-CoV-2, the coronavirus that causes COVID-19.

Assa has provided the industry with a range of scenarios that predict the number of symptomatic patients wi
and September, at between 588,000 and 2.3m people. The demand for hospital beds when the outbreak is at
between 69,400 and 125,000, while intensive care unit bed demand ranges between 10,700 and 19,200, accol

Full Daily Maverick report
Letter

Full Business Day report
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Statement on Virus Isolation (SOVI)

Isolation: “The action of isolating; the fact or condition of being isolated
or standing alone; separation from other things or persons, solitariness.”
—From the Oxford English Dictionary

The controversy over whether the SARS-CoV-2 virus has ever been
isolated or purified continues. However, using the above definition,
common sense, the laws of logic and the dictates of science, any unbiased
person must come to the conclusion that the SARS-CoV-2 virus has never
been isolated or purified. As a result, no confirmation of the virus’
existence can be found. The logical, common sense, and scientific
consequences of this fact are:

- the structure and composition of something not shown to exist can’t
be known, including the presence, structure, and function of any
hypothetical spike or other proteins;

- the genetic sequence of something that has never been found can’t be
known;

- “variants” of something that hasn’t been shown to exist can’t be
known;

- it’s impossible to demonstrate that SARS-CoV-2 causes a disease
called Covid-19.

In as concise terms as possible, here’s the proper way to isolate,
characterize and demonstrate a new virus. First, one takes samples (blood,
sputum, secretions) from many people (e.g. 500) with symptoms which are
unique and specific enough to characterize an illness. Without mixing these
samples with ANY tissue or products that also contain genetic material, the
virologist macerates, filters and ultracentrifuges i.e. purifies the specimen.
This common virology technique, done for decades to isolate

@/714‘.
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bacteriophages' and so-called giant viruses in every virology lab, then
allows the virologist to demonstrate with electron microscopy thousands of
identically sized and shaped particles. These particles are the isolated and
purified virus.

These identical particles are then checked for uniformity by physical and/or
microscopic techniques. Once the purity is determined, the particles may
be further characterized. This would include examining the structure,
morphology, and chemical composition of the particles. Next, their genetic
makeup is characterized by extracting the genetic material directly from the
purified particles and using genetic-sequencing techniques, such as Sanger
sequencing, that have also been around for decades. Then one does an
analysis to confirm that these uniform particles are exogenous (outside) in
origin as a virus is conceptualized to be, and not the normal breakdown
products of dead and dying tissues.” (As of May 2020, we know that
virologists have no way to determine whether the particles they’re seeing
are viruses or just normal break-down products of dead and dying tissues.)?

If we have come this far then we have fully isolated, characterized, and
genetically sequenced an exogenous virus particle. However, we stiil have
to show it is causally related to a disease. This is carried out by exposing a
group of healthy subjects (animals are usually used) to this isolated,
purified virus in the manner in which the disease is thought to be
transmitted. If the animals get sick with the same disease, as confirmed by
clinical and autopsy findings, one has now shown that the virus actually
causes a discasc. This demonstrates infectivity and transmisston of an
infectious agent.

None of these steps has even been attempted with the SARS-CoV-2 virus,
nor have all these steps been successfully performed for any so-called

! Isolation, characterization and analysis of bacteriophages from the haloalkaline lake Eimenteita, KenyaJuliah Khayeli
Akhwale et al, PL.OS One, Published: April 25, 2019.

https://journals.plos.org/plosone/article?id=10. 371 /journal.pone. 0215734 -- accessed 2/15/21

? “Bxtracellular Vesicles Derived From Apoeptotic Cells; An Essential Link Between Death and Regeneration,”
Maaojiao Lil et al, Frontiers in Cel and Developmental Biology, 2020 October 2.

hitps:www frontiersin.orgfarticles/10.3389/ fceil. 2020.57351 1 /full -- accessed 2/15/21

} “The Role of Extraelluiar Vesicles as Allies of HIV, HCV and SARS Viruses,” Flavia Giannessi, et al, Viruses, 2020
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pathogenic virus. Our research indicates that a single study showing these
steps does not exist in the medical literature.

Instead, since 1954, virologists have taken unpurified samples from a
relatively few people, often less than ten, with a similar disease. They then
minimally process this sample and inoculate this unpurified sample onto
tissue culture containing usually four to six other types of material — all of
which contain identical genetic material as to what is called a “virus.”
The tissue culture is starved and poisoned and naturally disintegrates into
many types of particles, some of which contain genetic material. Against
all common sense, logic, use of the English language and scientific
integrity, this process is called “virus isolation.” This brew containing
fragments of genetic material from many sources is then subjected to
genetic analysis, which then creates in a computer-simulation process the
alleged sequence of the alleged virus, a so called in silico genome. At no
time is an actual virus confirmed by electron microscopy. Atno timeisa
genome extracted and sequenced from an actual virus. This is scientific

fraud.

The observation that the unpurified specimen — inoculated onto tissue
culture along with toxic antibiotics, bovine fetal tissue, amniotic fluid and
other tissues — destroys the kidney tissue onto which it is moculated is
given as evidence of the virus’ existence and pathogenicity. This is
scientific fraud.

From now on, when anyone gives you a paper that suggests the SARS-
CoV-2 virus has been isolated, please check the methods sections. [If the
researchers used Vero cells or any other culture method, you know that
their process was not isolation. You will hear the following excuses for
why actual isolation isn’t done:

1. There were not enough virus particles found in samples from patients
to analyze.

2. Viruses are intracellular parasites; they can’t be found outside the cell
in this manner.

7
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If No. 1 is correct, and we can’t find the virus in the sputum of sick people,
then on what evidence do we think the virus i1s dangerous or even lethal? If
No. 2 is correct, then how is the virus spread from person to person? We
are told it emerges from the cell to infect others. Then why isn’t it possible
to find it?

Finally, questioning these virology techniques and conclusions is not some
distraction or divisive issue. Shining the light on this truth 1s essential to
stop this terrible fraud that humanity is confronting. For, as we now know,
if the virus has never been isolated, sequenced or shown to cause illness, if
the virus is imaginary, then why are we wearing masks, social distancing
and putting the whole world into prison?

Finally, if pathogenic viruses don’t exist, then what is going into those
injectable devices erroneously called “vaccines,” and what is their purpose?
This scientific question is the most urgent and relevant one of our time.

We are correct. The SARS-CoV2 virus does not exist.

<o e
Sally ?ﬁ/ z/m%

Morell, MA

Thomas CGowaw, MD
Dr. Thomas Cowa_q, MD

./. ‘( ’/_J,-- /
/ A e

e /:
-Dr Andrew Kaufman MD

Please show your support by sharing this document with as many people as you can, and then visit
https:/www andrewkaufmanmd.com sovi to add your name to the list of supporters world wide.
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Severe Acute Respiratory
Syndrome Coronavirus 2 from
Patient with Coronavirus
Disease, United States

Jennifer Harcourt,! Azaibi Tamin," Xiaoyan Lu, Shifag Kamili, Senthil K. Sakthivet, Janna Murray,
Krista Queen, Ying Tao, Clinton R. Paden, Jing Zhang, Yan Li, Anna Uehara, Haibin Wang,
Cynthia Goldsmith, Hannah A. Bullock, Lijuan Wang, Brett Whitaker, Brian Lynch, Rashi Gautam,
Craig Schindewolf, Kumari G. Lokugamage, Dionna Scharton, Jessica A. Plante, Divya Mirchandani,
Steven G. Widen, Krishna Narayanan, Shinji Makino, Thomas G. Ksiazek, Kenneth S. Plante,
Scott C. Weaver, Stephen Lindstrom, Suxiang Tong, Vineet D. Menachery.? Natalie J. Thornburg®

The etiologic agent of an outbreak of pneumonia in Wu-
han, China, was identified as severe acute respiratory
syndrome coronavirus 2 in January 2020. A patient in
the United States was given a diagnosis of infection
with this virus by the state of Washington and the US
Centers for Disease Control and Prevention on January
20, 2020. We isolated virus from nasopharyngeal and
oropharyngeal specimens from this patient and charac-
terized the viral sequence, replication properties, and
cell culture tropism. We found that the virus replicates
to high titer in Vero-CCL81 cells and Vero E6 cells in
the absence of trypsin. We also deposited the virus into
2 virus repositories, making it broadly available to the
public health and research communities. We hope that
open access o this reagent will expedite devetopment of
medical countermeasures.

Author affiliations: Centers for Disease Control and Prevention,
Atlanta, Georgia, USA (J. Harcourt, A. Tamin, X. Lu, K. Queen,
Y. Tao, C.R. Paden, Y. Li, C. Goldsmith. B. Whitaker, R. Gautarn,
S. Lindstrom, S. Tong, N.J. Thornburg); Eagle Medical Services,
Atlanta (5. Kamili, S.K. Sakthivei, J. Murray, B. Lynch); IHRC,
Atlanta (4. Zhang, H. Wang); Oak Ridge institute for Science and
Education, Oak Ridge, Tennassee. USA {A. Uehara), Synergy
America, Inc., Aflanta (H.A. Bullock, L. Wang); University of Texas
Medical Branch, Gatveston, Texas, USA (C. Schindewolf,

K.G. Lokugamage, D. Mirchandani, S. Widen, K. Narayanan,

S. Makino, T.G. Ksiazek, S.C. Weaver, V.D. Menachery), World
Reference Center for Emerging Viruses and Arboviruses,
Galveston (D. Scharton, J.A. Plante, T.G. Ksiazek, K.S. Plante,
S.C. Weaver, V.D. Menachery)

DOl hitps:/fdoi.org/10.3201/eid2606.200516
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Anovel coronavirus, severe acute respiratory syn-
drome coronavirus 2 {SARS-CoV-2}, has been
identified as the source of a pneumonia outbreak
in Wuhan, China, in late 2019 (1,2). The virus was
found to be a member of the P coronavirus family,
in the same species as SARS-CoV and SARS-related
bat CoVs (3,4). Patterns of spread indicate that SARS-
CoV-2 can be transmitted person-to-person, and may
be more transmissible than SARS-CoV (5-7). The
spike protein of coronaviruses mediates virus bind-
ing and cell entry. Initial characterization of SARS-
CoV-2 spike indicates that it binds the same receptor
as SARS-CoV angiotensin-converting enzyme, which
is expressed in both upper and lower human respira-
tory tracts (&}.

The unprecedented rapidity of spread of this
outbreak represents a critical need for reference re-
agents. The public health community requires viral
lysates to serve as diagnostic references, and the re-
search community needs virus isolates to test antivi-
ral compounds, develop new vaccines, and perform
basic research. In this article, we describe isolation of
SARS-CoV-2 from a patient who had coronavirus dis-
ease (COVID-19) in the United States and described
its genomic sequence and replication characteristics.
We have made the virus isolate available to the pub-
lic health community by depositing it into 2 virus re-
agent repositories.

‘These authors contributed equally to this article.

These senior authors contributed equally to this anticle.

Emerging Infectious Diseases » www.cdc.govieid «Vol. 26, No. 6. June 2020



@mq 7S

Methods

Specimen Collection

Virus isolation from patient samples was deemed not
to be human subjects research by the National Center
for Immunizations and Respiratory Discases, Centers
for Discase Contrel and Prevention (CDC) (research
determination no. 0900f3cb&lab4béce). Clinical speci-
mens from a case-patient who had acquired COV-
[D-19 during travel to China and who was identified
in Washington, USA, were collected as described (I).
Nasopharyngeal (NP) and oropharyngeal (OP) swab
specimens were collected on day 3 postsymptom on-
set, placed in 2-3 mL of viral transport medium, used
for molecular diagnosis, and frozen. Confirmed PCR-
positive specimens were aliquoted and refrozen until
virus isolation was initiated.

Cell Culture, Limiting Dilution, and Virus Isolation
We used Vero CCL-81 cells for isolation and initial
passage. We cultured Vero E6, Vero CCL-81, HUH
7.0, 2937, A549, and EFKB3 cells in Dulbecco minimal
essential medium (DMEM) supplemented with heat-
inactivated fetal bovine serum (5% or 10%) and anti-
biotics/ antimycotics {GIBCO, https:/ /www.thermo-
fisher.com). We used both NI? and OP swab specimens
for virus isolation. For isolation, limiting dilution, and
passage 1 of the virus, we pipetted 50 uL of serum-free
DMEM into columns 2-12 of a 96-well fissue culture
plate, then pipetted 100 pL of clinical specimens into
column 1 and serially diluted 2-fold across the plate.
We then trypsinized and resuspended Vero celis in
DMEM containing 10% fetal bovine serum, 2x peni-
cillin/streptomycin, 2% antibiotics/antimycotics, and
2x amphotericin B at a concentration of 2.5 x 10° cells/
mlL. We added 100 pL of cell suspension directly to the
clinical specimen dilutions and mixed gently by pipet-
ting. We then grew the inoculated cultures in a humid-
ified 37°C incubator in an atmosphere of 5% CO, and
observed for cytopathic effects (CPEs) daily. We used
standard plaque assays for SARS-CoV-2, which were
based on SARS-CoV and Middle East respiratory syn-
drome coronavirus (MERS-CoV) protocols (9,10,
When CPEs were observed, we scraped cell
monolayers with the back of a pipette tip. We used 30
uL of viral lysate for total nucleic acid extraction for
confirmatory testing and sequencing. We also used 50
pL of virus Iysate to inoculate a well of a 90% conflu-
ent 24-well plate.

Inclusivity/Exclusivity Testing
From the wells In which CPEs were observed, we
performed confirmatory testing by using real-time

Emerging infecticus Diseases » www.cdc.gov/eid » Vol. 26, No. 6, June 2020

SARS-CoV-2 from Patient with COVID-19, USA

reverse transcription PCR (CDC) and full-genome
sequencing (1). The CDC molecular diagnostic as-
say targets 3 portions ef the nucleccapsid gene,
and results for all 3 portions must be positive for a
sample to be considered positive (https://www.
cdc.gov/coronavirus/2019-ncov/lab/rt-per-
detection-instructions. htm! and https:/ /www.cde.
gov/coronavirus/2019-ncov /lab/ rt-per-panel-prim-
er-probes.htmb). To confirm that no other respira-
tory viruses were present, we performed Fast Track
Respiratory Pathogens 33 Testing (FTE> Diagnostics,
hitp:/ /www fast-trackdiagnostics.com).

Whole-Genome Sequencing

We designed 37 pairs of nested PCRs spanning the
genome on the basis of the coronavirus reference se-
guence (GenBank accession no. NC045512), We ex-
tracted nucleic acid from isolates and amplified by us-
ing the 37 individual nested PCRs. We used positive
PCR amplicons individually for subsequent Sanger
sequencing and also pooled them for library prepara-
tion by using a ligation sequencing kit (Oxford Nano-
pore Technelogies, hitps:/ /nanoperetech.com), sub-
sequently for Oxford Nanopore MinlON sequencing.
We generated consensus nanopore sequences by us-
ing Minimap version 2.17 (https:/ / github.com) and
Samtools version 1.9 (http://www htslib.org). We
generated consensus sequences by Sanger sequenc-
ing from both directions by using Sequencher version
546 (https://www.genecodes.com), and further
confirmed them by using consensus sequences gener-
ated from nanopore sequencing.

To sequence passage 4 stock, we prepared libraries
for sequencing by using the Next Ultra H RNA Prep
Kit (New England Biolabs, https://www.neb.com)
according to the manufacturer’s protocol. In brief, we
fragmented =70-100 ng of RNA for 15 min, followed
by ¢cDNA synthesis, end repair, and adaptor ligation.
After 6 rounds of PCR, we analyzed libraries by using
an Agilent Bicanalyzer (https://www agilent.com)
and quantified themn by using a quantitative PCR. We
pooled samples and sequenced samples by using a
paired-end 73-base protocol on an llumina (Ilumina,
Inc., https:/ / www illumina.com) MiniSeq instrument
and using the High-Output Kit and then processed
reads by using Trimmomatic version (.36 (11} to re-
move low-quality base calls and any adaptor sequenc-
es. We used the de novoe assembly program ABySS (12)
to assernble the reads into contigs by using several dif-
ferent sets of reads and kmer values ranging from 20
to 40. We compared contigs >4(0 bases against the Na-
tional Center for Biotechnology Information (Bethes-
da, MD, USA) nucleotide collection using BLAST
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(https:/ /blast ncbinlm.nilvgov). A nearly full-length
viral contig obtained in each sample had 100% identity
to the 2019-nCoV/USA-WA1/2020 strain (GenBank
accession no. MN985325.1). All the remaining contigs
mapped to either host cell rRNA or mitochondria. We
mapped the trimmed reads to the reference sequence
by using BWA version (1.7.17 {13} and visualized these
reads by using the Integrated Genomics Viewer (14) to
confirm the identity with the USA-WA1 /2020 strain.

Electron Microscopy

We scraped infected Vero cells from the flask, pelleted
by low-speed centrifugation, rinsed with 0.1 mol/L
phosphate buffer, pelleted again, and fixed for 2 h
in 2.5% buffered glutaraldehvde. We then postfixed
specimens with 1% osmium tetroxide, en bioc stained
with 4% uaranyl acetate, dehydrated, and embedded
in ¢poxy resin, We cut ultrathin sections, stained
them with 4% uranyl acetate and lead citrate, and ex-
amined them by using a Thermo Fisher/FEl Tecnai
Spirit electron microscope thttps:/ /www fei.com).

Protein Analysis and Western Blotting

We harvested cell lysates by using Laemmli sodium
dodecyl sulfate-polvacrylamide gel electrophoresis
sample buffer (Bio-Rad, https://www .bio-rad.com)
containing 2% SDS and 5% p-mercaptoethanol. We
removed the cell lysates from a Biosafety Level 3 Lab-
oratory, boiled them, and loaded them onto a poly-
acrylamide gel. We subjected the lvsates to sodium
dodecyl sulfate-polyacrylamide gel electrophoresis,
followed by transfer to a polyvinylidene difluoride
pelyvinylidene fluoride membrane. We then blocked
the membrane in 5% nonfat dry milk dissoived in
Tris-buffered saline containing (1.1% Tween-20 (TBS-
T for T h, followed by a short wash with TBS-T. We
incubated the membrane overnight with primary
antibody, either rabbit polyclonal serum against the
SARS-CoV spike protein (#40150-T52; Sino Biologi-
cal, https://www sinobiological.com), p-actin an-
tibody (#4970; Cell Signaling Technology, https://
www.cellsignal.com), or a custom rabbit polyclonal
serum against SARS-CoV nucleocapsid. We then
washed the membrane with 3 times with TBS-T and
applied horseradish peroxidase-conjugated second-
ary antibody for 1 h. Subsequently, we washed the
membrane 3 times with TBS-T, incubated with Clar-
ity Western ECL Substrate (#17050605; Bio-Rad), and
imaged with a multipurpose imaging system.

Generation of SARS-CoV Nucleocapsid Antibodies

We used the plasmid pBM302 (15) to express SARS-
CoV nucleccapsid protein, with a C-terminal Hisé
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tag, to high levels within the inclusion bodies of Esch-
erichia coli and the recombinant protein was purified
from the inclusion bodies by using nickel-affinity
column chromatography under denaturing condi-
tions. We used stepwise dialysis against Tris/phos-
phate buffer to refold the recombinant SARS-CoV
nucleocapsid protein with decreasing concentrations
of urea to renature the protein. We then immunized
rabbits with the renatured, full-length, SARS-CoV
nucleocapsid protein to generate an affinity-purified
rabbit anti-SARS-CoV nucleocapsid protein poly-
clonal antibody.

Results

A patient was identified with confirmed COVID-19
in Washington State on January 22, 2020. CPE was
not observed in mock infected cells (Figure 1, panel
A). Cycle threshold (C) values were 18-20 for NP
specimens and 21-22 for OP specimens (1). The posi-
tive clinical specimens were aliquoted and refrozen
inoculated into cell culture on January 22, 2020, We
observed CPE 2 days postinoculation and harvested
viral lysate on day 3 postinoculation (Figure 1, pan-
els B, C). We used 50 uL of passage 1 viral lysates
for nucleic acid extraction to confirm the presence
of SARS-CoV-2 by using the CDC molecular diag-
nostic assav (1). The C values of 3 nucleic acid ex-
tractions were 16.0-17.1 for nucleocapsid portion 1,
15.9-17.1 for nucleocapsid portion 2, and 16.2-17.3
for nucleocapsid portion 3, which confirmed isola-
tion of SARS-CoV-2 (C <40 is considered a positive
resuit). We also tested extracts for 33 additional dif-
ferent respiratory pathogens by using the Fast Track
35 Assay. No other pathegens were detected. Iden-
tity was additionally supported by thin-section elec-
tron microscopy (Figure 1, panel D). We observed
a morphology and morphogenesis characteristic
of corenaviruses.

We used isolates from the first passage of an OP
and an NP specimen for whole-genome sequencing.
The genomes from the NP specimen (GenBank acces-
sion MT020880) and OP specimen {GenBank acces-
sion no. MT020881) showed 100% identity with each
other. The isolates also showed 100% identity with
the corresponding clinical specimen (GenBank acces-
sion no. MN985325).

After the second passage, we did not culture OP
and NP specimens separately. We passaged virus
isolate 2 more times in Vero CCL-81 cells and titrat-
ed by determining the 50% tissue culture infectious
dose {(TCID, ;. Titers were 8.65 x 10" TCID, /mL for
the third passage and 7.65 x 10° TCID, /mL for the
fourth passage.

Emerging Infectious Diseases « www.cdc.gov/eid » Vol. 26, No. 6, June 2020



SARS-CoV-2 from Patient with COVID-19, USA

. Figure 1. Cytopathic effect
caused by severe acuie
respiratory syndrome
coronavirus 2 from patient with
coronavirus disease, United
States, 202¢. A-C) Phase-
contrast microscopy of Vero
cell monolayers at 3 days
postinoculation: A} Mock, B)
nasopharyngeal specimen,
C) oropharyngeal specimen.
Original megrnifications =x10).
D} Electron microscopy of virus
isolate showing extracellutar
spherical particles with
cross-sections through the
nucleocapsids (black dots).
Arrow indicales a coronavirus
. virion budding from a cell. Scale
- barindicates 200 nm.

We passaged this virus in the absence of trypsin.
The spike protein sequence of SARS-CoV-2 has an
RRAR insertion at the 51-52 interface that might be
cleaved by furin (I6). Highly pathogenic avian influ-
enza viruses have highly basic furin cleavage sites at
the hemagglutinin protein HA1-ITA2 interface that
permit intracellular maturation of virions and more
efficient viral replication (17). The RRAR insertion in
SARS-CoV-2 might serve a similar function.

We subsequently generated a fourth passage stock
of SARS-CoV-2 on VeroEs cells, another fetal rhesus
monkey kidney cell line. We sequenced viral RNA
from SARS-CoV-2 passage 4 stock and confirmed it
to have no nucleotide mutations compared with the
original reference sequence (GenBank accession no.
MN985325). SARS-CoV has been found to grow well
on VeroEé cells and MERS-CoV on Vero CCL81 cells
(18,19). To establish a plaque assav and determine the
preferred Vero cell type for quantification, we titered
our passage 4 stock on VeroE6 and VeroCCLST cells,
After infection with a dilution series, SARS-CoV-2
replicated in both Vero cell types; however, the viral

Emerging Infectious Diseases « www.cdc.gov/eid « Vol. 26, No. 6, June 2020

titers were slightty higher in VeroE6 cells than in Vero
CCL81 cells (Figure 2, panel A). In addition, plaques
were more distinct and visible on Vero E6 cells (Figure
2, panel B). As early as 2 days pestinoculation, VeroFs
cells produced distinct plaques visible by staining with
neutral red. In contrast, Vero CCL81 cells produced less
clear plaques and was most easily quantitated by stain-
ing with neutral red 3 days postinoculation. On the in-
dividual plaque monolayers, SARS-CoV-2 infection of
Vero E6 cells produced CPE with areas of cell clearance
(Figure 2, panel C). In contrast, Vero CCL81 cells had
arcas of dead cells that had fused to form plaques, but
the cells did not clear. Together, these results suggest
that VeroL6 cells might be the best choice for amplifica-
tion and quantification, but both Vero cell types sup-
port amplification and replication of SARS-CoV-2,
Because research has been initiated to study and
respond to SARS-CoV.2, information about cell lines
and types susceptible to infection is needed. There-
fore, we examined the capacity of SARS-CoV-2 to
infect and replicate in several common primate and
human ccll lines, including human adenocarcinoma
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Figure 2, Viral propagation
and quantitation of severe
acule respiratory syndrome
coronavirus 2 from patient with
coronavirus disease, United
States, 2020. A) Twe virus
passage 4 stocks (black ang
gray circles) were quantified

by using plague assay at day 2
{solid circles} and day 3 {open
circles) postinfection of Vero
E6 and Vero CCL81 cells. B}
Plaque marphology for virus on
Vero £6 and Vero CCL81 at day
2 and day 3 postinoculation.

C) Cell monolayers 2 days
postinfection of Verc E6 (top)
and Vero CCL81 {bottom)

at 3 dilutions. Qriginal
magnifications x40.

Dilution 104

94 CJBA

L8120 CI8A

cells (A549), human liver cells (HUH7.0), and hu-
man embryonic kidney cells (HEK-293T), in addition
to Vero E6 and Vero CCLST cells. We also examined
an available big brown bat kidney cell line (EFK3B)
for SARS-CoV-2 replication capacity. Each cell line
was inoculated at high multiplicity of infection and
examined 24 h postinfection (Figure 3, panel A). No
CPE was observed in any of the ceil lines except in
Vera cells, which grew to »10" PFU at 24 h postinfec-
tion. In contrast, HUH7.0 and 2937 cells showed only
modest viral replication, and A549 cells were incom-
patible with SARS-CoV-2 infection. These results are
consistent with previous susceptibility findings for
SARS-CoV and suggest other commen culiure sys-
tems, including MDCK, HeLa, HEP-2, MRC-5 cells,
and embryonated eggs, are unlikely to support SARS-
CoV-2 replication (20-22). In addition, SARS-CoV-2
did not replicate in bat EFK3B cells, which are suscep-
tible to MERS-CoV. Together, the results indicate that
SARS-CoV-2 maintains a similar profile to SARS-CoV
in terms of susceptible cell lines,

Having established robust infection with SARS-
CoV-2 in several cell tvpes, we next evaluated the
cross-reactivity of SARS-CoV antibodies against the
SARS-CoV-2. Cell lysates from infected celt lines were
probed for protein analysis; we found that polyclonal
serum against the SARS-CoV spike protein and nu-
cleocapsid proteins recognize SARS-CoV-2 (Figure 3,
panels B, C). The nucleocapsid protein, which is high-
Iy conserved across the group 2B family, retains >90%
amino acid identity between SARS-CoV and SARS-
CoV-2. Consistent with the replication results (Fig-
ure 3, panel A}, SARS-CoV-2 showed robust nucleo-
capsid protein in both Vero cell types, less protein in
HUH?.0 and 293T cells, and minimal protein in A549
and EFK3B cells (Figure 3, panel B). The SARS-CoV
spike protein antibody also recognized SARS-CoV-2
spike protein, indicating cross-reactivity (Figure 3,
panel C). Consistent with SARS CoV, several cleaved
and uncleaved forms of the SARS-CoV-2 spike pro-
tein were observed. The cleavage pattern of the SARS
spike positive control from Calu3 cells, a respiratory
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cell line, varies slightly and could indicate differences
between proteolytic cleavage of the spike proteins be-
tween the 2 viruses because of a predicted insertion
of a furin cleavage sitc in SARS-CoV-2 (16). However,
differences in cell type and conditions complicate this
interpretation and indicate the need for further study
in equivalent systems. Overall, the protein expression
data from SARS-CoV nucleocapsid and spike pro-
tein antibedies recapitulate replication findings and
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+
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Figure 3. Cell lines from patient with coronavirus disease,
United States, 2020, susceptible to SARS ceronavirus 2
(SARS-CoV-2). Cell lines were infected with a high multiplicity
of infection (»5), washed after adsorption, and subsequently
harvested 24 h postinfection for viral titer and protein lysates.

A) Viral titer for SARS-CoV-2 guantitated by plaque assay

on Vero E6 cells 2 days postinoculation. Infected cell protein
lysates were probed by using Western biotting with B) rabbit
polyclonal anti-SARS N antibady or C) anti-SARS-CoV § protein
antibody. Full-iength spike protein (S, ) and spike protein 81 (S}
are indicated. N, nucleccapsid; S, spike protein; SARS, severe
acuie respiratory syndrome.
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indicate that SARS-CoV reagents can be used to char-
acterize SARS-CaV-2 infection,

Finally, we cvaluated the replication kinetics of
SARS-CeV-2 in a multistep growth curve. In brief,
we infected Vero CCL-81 and HUH7.0 cells with
SARS-CoV-2 at a low muitiplicity of infection (0.1)
and evaluated viral replication every 6 h for 72 h
postinoculation, with separate harvests in the cell-
associated and supernatant compartments (Figure 4).
Similar to SARS-CoV, SARS-CoV-2 replicated rapidly
in Vere cells after an initial eclipse phase, achieving
10° TCID, /mL by 24 h postinfection and peaking at
>10° TCID, /ml. We observed similar titers in cell-
associated and supernatant compartments, which in-
dicated efficient egress. Despite peak viral titers by 48
h postinoculation, major CPE was not observed until
60 h postinoculation and peaked at 72 h postinocu-
lation, indicating that infected monolayers should be
harvested before peak CPE is observed. Replication
in HUH7Z.0 cells also increased quickly after an initial
eclipse phase but plateaued by 24 h postinoculation
in the intracellular compartment at 2 x 10° TCID, /
mL and decreased after 66 h postinoculation. Virus
was not detected in the supernatant of infected HUH7Z
cells until 36 h postinoculation and exhibited lower ti-
ters at all timepoints {Figure 4). Major CPE was never
observed in HUH7.0 cells. These results are consis-
tent with previous reports for SARS-CoV and MERS-
CoV, which suggested similar replication dynamics
between the zoonotic CoV strains (23,24).

= Verg CCL8Tcell == Verg CCLB1 supematant
— HUH?.0 cell === HUH7_0 supemnatant

7 -

T T ;
0 12 24 36 48 60 72
Hours postinfection

Figure 4. Multistep growth curve for severe acule respiratory
syndrome coronavirus 2 from patient with coronavirus disease,
United States, 2020. Vero CCL81 {black) and HUH7.0 ceils
(green) were infected at a muitiplicity of infection of 0.1, and cells
(solid line) and supernatants (dashed line) were harvested and
assayed for viral replication by using TCID,, Circles, Vero CCL81
cells; squares, Vero CCL81 supematants; triangles, HUH7.0 cells;
mverted triangles, HUH7.0 supernatants. Error bars indicate SEM.
TCID, . 50% tissue cuiture infectious dose.
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Discussion

We have deposited information on the SARS-CoV-2
USA-WAT1/2020 viral strain described here into the
Biodefense and Emerging Infections Research Re-
sources Repository  (https://www . beiresources.
org) reagent resources {American Type Culture
Collection, hitps://www.atcc.org) and the World
Reference Center for Emerging Viruses and Ar-
boviruses, University of Texas Medical Branch
(https:/ /www.utmb.edu/wrceva), to serve as the
SARS-CoV-2 reference strain for the United States.
The 5ARS-CoV-2 fourth passage virus has been se-
quenced and maintains a nucleotide sequence iden-
tical to that of the original clinical strain from the
United States. These deposits make this virus strain
available to the domestic and international public
health, academic, and pharmaceutical sectors for
basic research, diagnostic development, antiviral
testing, and vaccine development. We hope broad
access will expedite countermeasure development
and testing and enable a better understanding of
the transmissibility and pathogenesis of this novel
emerging virus.
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Abstract

Coronavirus disease 2019 (COVID-19). caused by severe acute respiratory syhdrome coronavirus 2 {SARS-CoV-2), is a new
infectious disease that first emerged in Hubei provinee. China. in December 2619, which was found to be associated with a large
seafoed and animal market in Wuhan. Airway epithelial eclls from infected patients were used to isolate a novel corenavirus,
named the SARS-CoV-2. on January 12, 2020, which is the seventh member of the coronavirus family 10 infect humans.
Phylogenetic analysis of full-length geneme sequences oblained frony infected patients showed that SARS-CoV-2 is similar to
severe acule respatory syndrome coronavirus (SARS-CoV) and uses the same cell entry receplor, angietensin-converting
enzyme 2 (ACE2). as SARS-CoV. The possible person-to-person disease rapidly spread e many provinces in China as well
as other countries. Without a therapeutic vaccine or specific antiviral drugs. carly detection and 1solation become essential against
novel Coronavirus, In this review, we introduced current diagnostic methods and cnlena tor the SARS-CoV-2 in China and
discuss the advantages and limitations of the current diagnostic metheds. including chest fmaging and laboratory detection.

Keyweords SARS-CoV-2 - COVID-19 - Origin - Diagnosis

Introduction

Coronaviruses are unsegmented single-stranded RNA viruses
ranging from 26 1o 32 kilobases in lengih. belonging to the
subfamily Coronavirinae of the family Coronaviridae of the
order Nidovireles {1]. According to the serotype and genomic
characteristics, the Coronaviringe subtamily is divided into
four major genera: Aiphacoronavirus, Belacoronavirus,
Gammacoronaviris, and Delfacoronavivus {2]. The former
mwo genera primarily infect marmmals, whereas the latter two
predominantly infect birds {3}, Coronavituses mainly cause

respiratory and gastreintestinal tract infections: six kinds of

human CoVs have been previousty identified. including the
HCoV-NL63 and the HCoV-229L, which beleng to the
Alphacoronavirus genus, and the HCoV-0C43, the
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HCoVHEKUI. the severe acute respiratory syndrome corona-
virus (SARS-CoV). and the Middle East respiratory syndrome
coronavirus {MERS-CoV). which belong to the
Betacoronavirus genus [4] (riven the high prevalence and
wide distribution of coronaviruses in animals, the large genet-
1c diversity and frequent recombination of their genomes, and
increasing human-animal mterface activities and frequent
cross-species infections. novel coronaviruses are likely Lo
emerge periodically in humans [5].

In December 2019. a group of pneumonia cases was re-
ported at a wholesale seatood market in Wuhan, Hubei prov-
ince. which was found 1o be caused by previously unknown
Coronaviruses [6] On December 29, 2019, the local hospitals
using a surveillance mechanism for “pneumonia of an un-
known ctiology,” which was cstablished m the wake of the
2003 severe acute respiratory syndrome {SARS) outbreak,
identified the first 4 cases which were all associated with the
Huanan {Southern Chinay Seafood Wholesale Market. On
December 31, 2019, the Chinese Center for Discase Controd
and Prevention (China CDC) dispaiched a rapid response
leam 1o acconipany Hubei provincial and Wuhan city health
authorities and to conduct an epidemiologic and etiologic in-
vestigation. Similar cases were subsequently reported in
Wuhan. and many of these patients did not have contacts with
the Huanan Secafood Wholesale Markels or animals.
Epidemiological mvestigation showed that about only 1% of
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the patients had direct contact with the live-animal market

trade. while more than three quarters were local residents of

Wuhan or had made contaet with people from Wuhan, sug-
gesting a person-to-person transmission of this novel corona-
virus was possible [7]. Airway cpithelial cells from infected
patients were used o isolate a novel coronavirus, temiporarily
named 2019-nCoV [8]. but later, the Coronavirus Rescarch
Group {CS5G} of the International Commirttee for the ¢lassifi-
cation of viruses found that the new coronavirus is related to
the SARS virus (SARS-CoV) that sswept China in 2003, Both
belong 1o a “species™ category called severe acule respiralory
syndrome-reiated coronavirus. Therefore. on February 11,
2020, the Intermational Committee for the classification of
viruses designated the name of this coronavirus as the severe
acute respiratory syndrome coronavires 2 (SARS-CoV-2) [9].
In addition, the World Health Orgamzation has named the
disease caused by the SARS-CoV-2 as coronavirus discase
2019 (COVID-19). The possible person-to-person transmis-
sion rapdly spreads 1o many provinces in China as well as
other countries. By February 27. 2020, 78.824 cases were
laboratory-confirmed. and 2788 died in China [10}. The cur-
rent public health emergency is partially similar to the SARS
outbreak in southern China in 2002, The twe cases share sim-
ilarities. Both occurred during the winter with initial cases
related to an exposure to five animals sold at animal markets,
and the amino acid sequence identity between the SARS-
CoV-2 and the SARS-CoV S-proteins is 76.47% [113. The
current knowledge of the physical and chemical properties
of Coronaviruses 15 mainly derived from (he study of the
SARS-CoV and the MERS-CoV. The Coronaviruses are sen-
sitive to exposure to heat (56 °C' for 30 min). as well as sol-
vents including ether, 75% ethanol. chlorine-containing disin-
fectant. peroxyacetic acid, and chloroform. Other lipid sol-
vents can also effectively inactivate the virus except for chlor-
hexidine [12] According to Zhong's latest piiot experiment. 4
out of the 62 stool specimens tested positive to the SARS-
CoV-2, suggesting oral-fecal route might have played a role
in the rapid transmission of SARS-CoV-2 [7]. However, no
cases of transnussion via the fecal-oral route have yvet been
reported for SARS-CoV-2. Comtamination of fomite is more
likely to be caused by atrway/hands. At present, respiratory
transmission and direct contact transmission are the main
routes for SARS-CoV-2,

Genetic sequence and origin
of the SARS-CoV-2

The genome of Coronaviruses, ranging from 26 to 32 kilo-
bases in length, includes a vanable number of open reading
frames (ORFs) [13]. The SARS-CoV-2 genome was reported
to possess 14 ORFs encoding 27 proteins [14]. The spike
surface glycoprowein plays an essential role in binding 10
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receplors on the host cell and is crucial for determining host
ropism and transmission capacity, mediating receptor binding

and membrane fusion [15]. Generally. the spike protein of

Corenaviruses is [unciionally divided into the S1 domain,
responsible for receptor binding, and the 82 domain. respon-
sible for cell membrance fusion {16} The eight accessory pro-
teins (3a. 3b, p6, 7a. 7b, 8k, 9b. and 01f14) and four major
structural proteins. including the spike surface glycoprotein
(5), small envelope protein {E). matrix protein (M). and nu-
cleocapsid protein (N), are located in the 3'-terminus of the
SARS-CoV-2 genome [14]. When researchers compare the
SARS-CoV-2 with the SARS-CoV at the amino acid level.
they found the SARS-CoV-2 was guite similar 10 the SARS-
CoV. but there were some notable differences in the 8a. 8b,
and 3b protein {14]. When researchers compared the SARS-
CoV-2 with the MERS-CoV, they found that the SARS-CoV-2
was distant from and less related 1o the MERS-CoVs. From
the phylegenetic tree based on whole genomes. the SARS-
CoV-2 is parallel 10 the SARS-like bat CoV's, white the
SARS-CoV has descended [rom the SARS-like bar CoV hin-
eage, indicating that SARS-CoV-2 1s cioser to the SARS-like
bat CoVs than the SARS-CoVs based on of the whole-
genome sequence [14]. Analysis of the genome from nine
patients” sampies also confinned that the SARS-CoV-2 was
more sinmlar to two SARS-like bat CoVs from Zhoushan i
eastern China. bat-SL-CoVZC45 and bat-SL-CoVZXC21,
than to the SARS-CoV and the MERS-CoV [17]. AL the
whole-genome level, the SARS-CoV-2 shares an 87.99% se-
guence identity with the bat-SL-CoVZC45 and 87.23% se-
quence identity with the bat-SL-CoVZXC(C2, less genetically
similar to the SARS-CoV (about 79%) and MERS-CoV
tabout 50%.) [173. At the protein level. the lengths of mest of
the proteins encoded by the SARS-CoV-2, the bal-Sl.-
CoVZCA5. and the bat-SL-CoVZXC21 were similar, with
onty a few minor insertions or deletions [17]. Although the
SARS-CoV-2 was closer 1o the bat-SL-CoVZ(45 and the bat-
SL-CoVZX(C21 at the whole-genome level, the receptor-
binding domain of the SARS-CoV-2 located in lineage B
was closer to that of the SARS-CoV {17]. Given the close
relationship between the SARS-CoV-2 and the SARS-CoVs
or the SARS-like bat CoVs. further studies of the amino acid
substilutions in different proteins could explain how the
SARS-CoV-2 differs structurally and functionally from the
SARS-CoVs and how these differences atfect the funclional-
ity and pathogenesis of the SARS-CoV-2,

It was reported that 27 of the first 41 infected patents had
been exposced to the Huanan Seafood Marker [181 Thus, it
was believed that the new coronavirus originated from the
Huanan Seafood Market in Wuhan and spread from animal
hosts to hunians in the process o wildlife trade. transportation,
slaughter, and trade. Bats have the most variety of
coronaviruses in their bodies and are the hosis of many Kinds
of coronaviruscs. such as the SARS-CoVand the MERS-CoV
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[19]. The SARS-CoV and the MERS-CoV are considered
highly pathogenic. and it s very likely that the SARS-CoV
was transmitted from bats o palm civets and the MERS-CoV
was transmitted from bats 10 dromedary camels and finaliy o
humans [20, 217, Given the kigh sequence similarity berween
the SARS-CoV-2 and the SARS-like ba: CoVs from
Hipposideros bats in China, the narural host of the SARS-
CoV-2 may be the /fipposideros bat. The discovery that pan-
golin coronavirus genomes have 85.5% to 92.4% sequence
similarity 10 SARS-CeV-2 suggests pangolins should be con-
sidered as possible hosts in the emergence of SARS-CoV-2
[23].

Diagnosis

According to the seventh editien of Pneumonia Diagnosis and
Treatment prograrn for novel coronavirus infection reported
by the National Health Commission of the People™s Republic
ol China, suspecied cases were defined as patients having
fever or respiratory symptoms. a typical ground-glass opacity
chest imaging as well as a history of exposure 1o wildhfe in (he
Wuhan scafood market. and a travel history or contact with
people from Wuhan within 2 weeks of diagnosis [12].
Confinmed cases with the SARS-CoV-2 were identificd as a
positive result of a high-throughput sequencing or an RT-PCR
agsay for respiratory specimens inciuding nasal and pharyn-
geal swab specimens, bronchoalveolar tavage flwd, sputum.
or bronchial aspirates or a positive result of anti-SARS-CoV-2
IeMAgG or the titer of anti-SARS-CoV-2 12G antibody in the
recovery perind was four times or more higher than in the
acute pertod |12}, At present, the diagnhosis of the COVID-
19 is mainly based on clinical characteristics. epidemiological
history, chest imaging, and laboratory detection.

Clinical characteristics and epidemiological history

The most common symptoms of confirmed patients were fe-
ver, cough. and myalga or fatigne, whereas sputum produc-
tion, headache, diamhea. and vomiting were rare [23-26].
Mild cases only have a low fever and mild fatugue, without
preumonia. Severe and moderate cases had clinical manifes-
tations of dyspnea. Ivmphopenia, and hypoalbuminemia,
which mainly occurred in elderly pavents [23]. It is worth
noting that patients with severe or critical 1liness may have a
moderate or ow fever, or even no significant fever [12]. The
elderly and those with chronic diseases. including diabetes.
hypertension, and cardiovascular disease. have poor progno-
ses [12]. Most severe patient died of severe pneumoniy, severe
respiratory failure, and multiple organ failure [26].
Epidemiological mvestigations indicate that most patients
were local residents of Wuhan or had direct exposure 1o the
Huanan Seatood Market, a ravel history to Wuhan. or contact

with confimmed cases [7]. In addition, outbreaks within family
clusters have been reported from several provinees in China
[27]. An increasing number of cluster cases including fanuly
cluster cases are vecurring [24, 25).

Chest imaging

The most common patterns seen on chest CT were bilateral.
peripheral, and ground-glass opacity [28. 29]. Less common
CT findings were nodules. cystic changes, bronchioleciasis,
pleural effusion. and lymphadenopathy [28. 29). Chest CT
images of an early-stage COVID-19 patients showed multiple
small plaques and interstitial changes. The findings of a pro-
gressive stage chest CT images included a bilateral muluple
ground-glass opacity and an infiltrating opacity with consoli-
dation, interstitial thickening or fibrous swipes [29-31]. The
diffuse lesions in bilateral lungs could be seen in the most
seriously affected patients, whose CT showed as “white
tungs™ {31}

Laboratory detection
Specific {aboratory detection

Bsolation of the causal agent and determination of i3 partial
genome sequence provided the basis {or next-generation se-
quencing or real-time reverse transcriptase-polymerase cham
reaction (RT-PCR) methods for the SARS-CoV-2 {14, 17].
Afier the SARS-CoV-2 was 1solaied from a lower respiratory
tract specimen. a diagnostic RT-PCR test was developed. RT-
PCR tests were based on the RNA-dependent RNA polymer-
ase {RARp} gene of the ORFlab scquence. E gene. N gene,
and S gene of the SARS-CoV-2 genome [32-35]. Among
these assays. RT-PCR assays targeting the RdRp assay had
the highest analytical sensitivity [32}. The SARS-CoV-2
nucleic acid can be detected in nasal and pharyngeal swab
spearmens, bronchoalveolar lavage fluld. sputwm, bronchial
aspirates, blood. anal swab. and other samples by an RT-
PCR {36. 37]. In a case with severe peptic ulcers after the
onset of symptoms, the SARS-CoV-2 was direcily detected
in the esophageal erosion and at the bleeding site {7]. Some
patients infected with the SARS-CoV-2 also displayed gasiro-
intestinal symptoms such as diarrhea [23. 387 because some
viruses may ctiter the digestive tract through the throat, infect-
ing the sntestinal epithelial celis and activating the intestinal
immune response. Thus, the SARS-CoV-2 nucleic acid can
also be detected in the s100] samples of some patients [7. 36.
37} High-throughput sequencing or an RT-PCR assay has
become a standard und formative assessment for the driagnosis
of the COVID-19 [12}. However, nucleic acid amplification
kits sometimes produced false-negative results among patienis
whose clinical features, chest imaging, and laboratory detec-
tion accorded with the COVID-19 [30. 39]. There are several
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possible reasons for the false-negative results from the nucleic
acid kit. Firstly, although older age was correlated with higher
viral foad [40], it is not clear whether the viral load in body
tluids has a positive Linear correlation with the severity of
symptoms after infection. 1 the virus in the suspected paticnts
remains to be rapidly replicated and released in the lungs. the
nasal and pharyngeal swabs sampling may not cellect enough
virus for diagnosis. Secondiy. the current commen sampling
method is to collect nasal and pharyngeal swabs. spuium, ar
the alveolar lavage {lnid [36. 40, 417 Few patients with the
SARS-CoV-2 infection had prominent signs and symptoms of
the respiratory tract. indicating that the target celis may be
located in the lower airway [ 1 8]. The viral nucleic acid 1s most
casily detected in the alveolar lavage fluid. followed by spu-
tum, nasal, and pharyngeal swabs [41-43]. A study of 4880
cases showed that the alveolar lavage 1luid exhibited the most
highest positive rate of 100% for SARS-CoV-2 ORFlab gene:
the sputm exhibited a 49.12% positive rate. and the nasal and
pharyngeal swabs samples showed a poor positive rate of
3825% [41]. Alveolar lavage fluid collection 1s generally
suitable for patients with a severe or critical illness, not mild
cases. Sputum specimens are also more difficult 1o obtain
because few patients with the SARS-Co V-2 mfection had spu-
um production {7, 18]. Due 10 the limitations associated with
operations and patient acceptance, the most common sani-
pling method in clinical practice is nasal and pharyngeal swab
collection. However. respiratory samples collected from 80
individuals at different stages of infection showed a median
of 799~ 10% in nasal and pharyngeal swab samples and 7-
325 107 in spum samples [36). Sputem samples generally
showed higher viral loads than throat swab samples [36, 43].
The low viral load in nasal and pharyngeal swab makes the
diagnosis of the SARS-CoV-2 more difficult. On the other
hand, RT-PCR test results of pharyngeal swab specimens were
variable and potentially unstable {44]. Tt was reported that
patients with initial non-positive results were eventually con-
finned with COVID-19 by 3~5 repeated swab PCR tests [44].
The phenomenon of SARS-CoV-2 positive in the swol sam-
ples but negalive nucieic acid 1 throat swab specimens mdi-
cated that selecung fecal samples for a nucleic acid test may be
an alternative strategy [45]. Considering that the SARS-CoV-
2 nucleic acid can be detected m nasal and pharyngeal swab
specimens, bronchoalveolar lavage fluid, sputum. bronchial
aspirates, blood. and anal swab [36. 37]. it is suggested 10
collecet samples from muluple site of the same patient ar dif-
ferent stages and combine them for detection to improve the
positive rate. Thardly, the SARS-CoV-2 is an RNA virus with
low stability. which is casily degraded by RNA enzymes re-
leased after exogenous or cellular desiruction, affecting the
final detection etficiency. Improper sampling location, insuf-
ficient sampling strength. and irregular sample delivery pro-
cess account for the false-negative results of the nucleic acid

kit test [39]. Besides, in order o improve the sensitvity of
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detection. most manufacturers choose two or more regions
ef viral nuclewe acid sequence for detection, meluding the
ORFlab sequence. E gene, N gene, and S gene of the
SARS-CaV-2 genome [32-35]. In actual tests. there is a cer-
tain proportion of positive results of a single target gene locus
indicating that the sensitivity of the reagent to different gene
regions is indeed differemt f41]. which may also be caused by
the competition berween the loci of two ar three target genes.
Furthermore, reagent reaction conditions, reaction system,
and nucleic acid addition amount may affect the sensitiviry
of detection and analysis {46]. It is an effective measure for
the chinical Jaberatory (o carry out quality control for cach
baich of reagents by using the coafirmed negative and positive

samples before routine work.

Based on the above reasons. detection of the viral RNA
using RT-PCR can only achicve a sensitivity of 30-607%
[41. 47, 48], depending on the course and condition of the
patient. the type and number of clinical specimens collected,
and the protocol used. The older had higher postive rate than
the young [41] which may be explained by the finding that the
older was correlated with higher viral load [40]. Supplemem
serum [gM/AgG antibody detection against the SARS-CoV.2
internal nucleoprotern (NPj and surface spike protein
receptor-binding domain (RBDj can make up for the shon-
comings of RT-PCR in some cases [40. 49]. The antibody is
the product of a humoral immune response after infection with
the virus. Generally, IgM antibodies rise within a few days
alter a viral infection and can be detected as soon as a week
of incubation. and lgG antibodies appear in the middle and
late stages of the infection. There is a process of & continuous
increase n the anubody titer, and it remains in the blood cir-
cufation for a long time. At the moment, the most widely used
methods for serodiagnosis of the SARS-CoV-2 infection in
clinical microbielogy laboratories are antibody detection in
acure- and convalescent-phase sera by colleidal gold
immunochromatography and enzvme-linked immunosorbent
assay (ELTSA) [401. In short, a test for IgeMAgG antibodies can
also determine whether a patient has been infected with the
SARS-CoV-2 recently or previously and act as a supplemen-
tary detection Lo identify patients with high clinical suspicion
of the SARS-CoV-2 infection but negative RT-PCR findings
[40. 49]. The rew serological disgnostic kits for [gM and [¢G
antibodics for SARS-CoV-2 have the advantages of high sen-
sitivity and early diagnosis. In addition. the operational re-
quirements of antibody detection in ehinical microbiology fab-
oratories are relatively low, fast capable of large guantitics,
and can be completed in basic laboratories compared with the
nueleic acid test. Anti-SARS-CoV-2 IgM antibody was posi-
tive at 3~5 days afier onset, and the titer of anti-SARS-CoV-2
1gG antibody in the recovery period was four times or more
higher than in the acute period [12}. Although the supplemen-
tary antibody test can make up for the missed diagnosis of RT-
PCR, 1t still cannet diagnose all infected paticnts. The
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detection of [gM and [gG anubodies can only achieve a sen-
sitivity of 709% a1 4-6 days after admission for COVID-19
patients (upublished daw from our group). The detection of
[¢M and [gG antibodies may be futile tor the elderly, because
of hypoimmunity and a weak antibody production capacity.

Nonspecific laboratory detection

The laboratory examination of patients at an early stage
showed leucopenia, Ivmphopenia, high level of aspartate ami-
notransicrase, C-reactive protein (CRP). and ervihrocyic scd-
inentation rate [ 18], Mest patients had normal serum levels of
procaleiionin. Compared with moderate cases, severe cases
maore frequenty had lymphopenia. with higher levels of ala-
nine aminotransferase. lactate dehydrogenase. C-reactive pro-
Lemn. ferritin, and D-dimer as well as markedly higher levels of
TL-2R.IL-6. TL-10, and TNF-« [23]. Typical abnormat iabo-
ratory findings i pediatric patients were clevated creatine
kinase MB, decreased lymphocyies, leucopenia, and clevated
procaleitonin [24]. Recent studics have also shown another
potential diagnostic biomarker for the SARS-CoV-2 diagno-
sis. Renin cleaves liver-denved angiotensinogen (AGT) into
angiotensin L, which is then turther processed by the
angiotensin-converting enzyme (ACE) into the octapeptide
angiotensin II. The abnormal increase of angiotensin 11 has
been reporled to be associated with hypertension, heart failure.
and lung and kidney dysfunction as well as several pathophys-
wlogical features, including mflammation, metabolic dys-
function, and aging [50. 51]. Xu et al. performed swuetural
modeling of the S-pretein of the SARS-CoV-2 w evaluate its
ability to interact with human angiotensin-converiing enzyme
2 {ACE2) mulecules. Because of the loss of hydrogen bond
mteractions due to replacing Arg426 with Asn426 m the
SARS-CoV-2 S-protein. the binding free energy for the
SARS-CoV-2 S-prowein increased by 28 keal mol ' when
compared with the SARS-CoV S-protein binding. The results
reveated that the SARS-CoV-2 S-protein has a strong binding
affinity to human ACE2 [11]. A study discovered the mark-
cdly increased level of angiotensin Il in the plasma samples
from SARS-CoV-2-infected patients was lnearly correlated
with viral toad and hung injury [32]. it is suggested that the
imbalance of the renin-angiotensin-aldosterone system is
caused by the SARS-CoV-2, and angiotensia receptor blocker
(ARB) drugs may be used as a potential repurposing treatment
of the SARS-CoV-2 infection. Similar studies Lave demon-
strated that the SARS-CoV could bind to its receptor ACE2,
downregulating its expressions. resulting in increased angie-
tensin 11 levels in mouse blood samples, signaling through
angiotensin H receptor 1. Jeading to an acute lung injury
[53]. Besides. markedly. elevation ol angiotensin I level in
the HING-infected patients was associated with the disease
seventy and outcomes {547,

Discussion

Chest CT imaging showed that 76.4% of mfected patients
manifested as pneumonia on admission. which was mainly
ground-glass opacity {505 ) and bilateral patchy shadowing
(46.4%). The majority of severe patients could be diagnased
by chest X-ray and chest CT imaging. Despite these predom-
inant manifestations, it was reported that 221 out of the 926
{23.87%) in severe cases compared with 9 out of the 173 non-
severe cases {5.20%) who had no abnormal radiological find-
mgs were diagnosed by symploms plus RT-PCR positive find-
ings, suggesting that not all patients had abnormal chest ra-
diological findings of pneumonia. Chest CT images of the
carly-stage COVID-19 patients showed umitateral or bilateral
ground-glass opacity. which was similar 10 some non-
COVID-19 mmages of patients with the respiratory syncytial
viral (RSV), mycoplasma. and paraimfluenza virus, suggesting
that chest CT scans cannot the identify COVID-19 patients
and the non-COVID-19 patients in some cases. Co-infection
with other viruses such as influenza A/B. rhinofenterovirus.
respiratory syacytial viras, other atypical pathogens. fungi,
and bacteria has been reported in the COVID-19 patients
[49. 55). Mmxed infection among COVID-19 patients makes
the diagnosis of chest CT images more difficult. Besides. pos-
ifive respiratory pathogen results cannot serve as evidence for
the exclusion of SARS-COV-2 infection. Mcthods of
pathogen-specific detection are mainly divided into four
types. including virus cultare, nucleic acid detecuon, antigen
detection, and antibody detection. In terms of virus culre, the
cultivation of the SARS-CoV-2 requires biosafety ievel 3 lab-
oratory facilities, which are not available 1z most ¢linical mi-
crobiclogy laboratories. Thus. the cultivation of the SARS-
CoV-2 is mainly used for scientific research. Commercial an-
ligen detection kits require the preparation of monoclonal an-
tibedies and polyelonal antibodies, whereas it costs a long
ume from production to extaction during antibody prepara-
tion, and the preparation process is complicated. Petection of
the viral nucleic acid using an RT-PCR assay has become a
standard and formative assessment for the diagnosis of
COVID-19. However. detection of viral RNA using RT-
PCR can only achieve a sensitivity of 30~60%. depending
on: the course and condition of the patient. the 1ype and num-
ber of clinical specimens collected, and the protocol used. In
order 0 improve the positive rate of detection, it 1s suggested
to collect multiple site samples of the same patient at differem
stages repeatedly and combine them for detection. The phe-
nomenon of SARS-CoV-2 positive in the stool samples but
negative nucleic acid in throat swab specimens should be rak-
en seriously. Patients with early or mild iliness may have a low
viral load 10 nasal and pharyngezl swabs, resulting in false-
negative nucleic acid tests. Thus. selecting fecal samples for a
nucleic acid test may be an aliernative strategy, regardless of
the presence or absence of gastrointestinal svinptoms such as
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diarmhea. In addition. a fecal-oral ransmission might exist in
the transmission of 2019-nCoV: thus. the transmission via
gastrointestinal secretions should be fully considered o con-
wrel the rapid spread worldwide. Whole genome sequencing
(WGS) method can overcome the mutation problems which
cause false-negative results in RT-PCR |35, 56], whereas it is
not appheable to clinical practice considering the economic
status of patients. For individuals with high clinical suspicion
of the SARS-CoV-2 infection but negative RT-PCR findings,
the detection of TgM/1gG antibodies should be considered. We
recornmend IgM antibody testing 1 week afier infection and
1gG antibody testing 4 weeks aller infection. Although the
supplementary antibody test can make up lor the missed di-
agnosis of RT-PCR. it cannot diagnose all the infected pa-
tients. Collectively. for chest CT scans. RT-PCR assays. and
the detection of [gM/IgG antibodies, multple and repetitive
tests should be considered during different stages of the
COVID-19. Further rescarch of SARS-CoV-2 and the devel-
opment of more sensitive detection methods will Tacilitate the

diagnosis of COVID-19. In addition, the develepment of

broad-spectrum antiviral drugs and vaccines will enhance
the ability to manage future outbreaks caused by this cluster
of viruses.
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Abstract

An ongoing outbreak of pneumonia caused by a novel coronavirus, currently designated as the
severe acute respiratory syndrome coronavirus-2 {SARS-CoV-2), was reported recently. However,
as SARS-CoV-2 is an emerging virus, we know little about it. In this review, we summarize the key
events occurred during the early stage of SARS-CoV-2 outbreak, the basic characteristics of the
pathogen, the signs and symptoms of the infected patients as well as the possible transmission
pathways of the virus. Furthermore, we also review the current knowledge on the origin and
evolution of the SARS-CoV-2. We highlight bats as the potential natural reserveir and pangolins as
the possible intermediate host of the virus, but their roles are waiting for further investigation.
Finally, the advances in the development of chemotherapeutic options are also briefly summarized.

Key words: Coronavirus, Novel coronavirus, preumonia, SARS-CoV-2, COVID-19

Introduction

On 23 Feb 2020, the Jock-down of Wuhan, a
centra) city in China, has alarmed people all over the
world of an emerging novel coronavirus that is posing
a major public health and governance chailenges. The
novel virus, previously called the 2019-novel
coronavirus (2019-nCoV), is currently designated as
the severe acute respiratory syndrome coronavirus-2
{SARS-CoV-2). As of 27 Feb, this emerging infection
has been reported in 47 countries, causing over 82,294
infections with 2,804 deaths (Fig. 1) {1]. This novel
virus is also becoming a mounting threat to Chinese
and global economies,

Coronaviruses (CoVs) are members of the family
Coronaviridae, the enveloped viruses that possess
extraordinarily large single-stranded RNA genomes
ranging from 26 to 32 kilobases in length [2]. CoVs
have been identified in both avian hosts and various
mammals, including bat, camels, dogs and masked
palm civets, and are previously regarded as
pathogens that only cause mild diseases in the
immunocompetent people until the emergence of the

coronavirus causing severe acute respiratory
syndrome (SARS-CoV) in late of 2002 [3-6]. Currently,
at least seven coronavirus species are known to cause
diseases in humans, The viruses of 229F, OC43, NL63
and HKU1 only cause common cold symptoms,
which are mild. Severe illness can be caused by the
rermaining three viruses, namely SARS-CoV, which
resulted in the outbreak of SARS in 2002 and 2003
[34]; the coronaviruses that are responsible the
Middle East respiratory syndrome (MERS-CoV),
which emerged in 2012 and remains in the circulation
in camels [7]; and SARS-CoV-2, the viruses emerged
in December 2019 in Wuhan of China and a great
effort is being undertaken to contain its spreading [8].
In this review, we will briefly introduce the outbreak
history of SARS-CoV-2, the signs and symptoms of
the infected patients, its transmission dynamics, the
advances in the understanding on its evolutional
origin and the chemotherapeutic options being
developed for the treatment of its infection,
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The key events of SARS-CoV-2 outbreak and
the pathogen characteristics

Since December 2019, an increasing number of
patients with pneumonia of unknown etiology in
Wuhan, a city with 11 million people, have alarmed
the local hospital. On 29 December 4 cases were
linked to Huanan Seafood wholesale market [9],
where non-aguatic live animals, including several
kinds of wild animals, were also on the sales. The
local Center for Disease Conirol (CDC) then found
additional patients linked to the same market after
investigation, and reported to China CDC on 30 Dec
2019 {9]. The second day, World Health Organization
(WHO) was informed of the cases of pneumonia of
unknown etiology by China CDC [10]. On 6 Jan 2020,
a level 2 emergency response was launched by China
CDC [11].

The causal agent was not identified until 7 Jan
2020; a new type of coronavirus was isolated by
Chinese authority [10]. The genome sequence of
SARS-CoV-2 (WH-Human_1) was first released and
shared by China on 10 Jan [12]. The isolation and
identification of SARS-CoV-2 apparently facilitated
the development of molecular diaghostic methods
and the confirmation of the infected patients. As of 21
Jan, there are 270 cases were confirmed from Wuhan
[23]. On 23 Jan, Wuhan city was locked down by local
government. On 30 fan, WHO declared a “public
health emergency of international concern” (Fig. 1).

Subsequently, the viruses were successfully
isolated from several laboratories [8,14,15]. The virion
of SARS-CoV-2 looks like a solar corona by
transmission electron microscopy imaging: the virus
particle is in a spherical shape with some
pleomorphism; the diameter of the virus particles
range from 60 to 140 nm with distinctive spikes about
8 to 12 nm in length [8]. The observed morphology of
SARS-CoV-2 is consistent with the typical
characteristics of the Coronaviridae family. The
genome sequence of SARS-CoV-2 from clinjcal
samples has been obtained by several laboratories

with deep sequencing [8,14-18]. The viral genome of
SARS-CoV-2 is around 29.8 kilobase, with a G+C
content of 38%, in total consisting of six major open
reading frames (ORFs) common to coronaviruses and
a number of other accessory genes [14,16]. The
sequences analysis showed that the genome
sequences of viruses from different patients are very
conserved [14,15,19], implying that the human virus
evolves recently.

Signs and symptoms of patients infected by
SARS-CoV-2

A typical characteristic of the SARS-CoV-2
infected patient is pneumonia, now termed as
Coronavirus Disease 2019 (COVID-19), demonstrated
by computer tomographic (CT) scan or chest X -ray
[3,8,18]. In the early stages, the patients showed the
acute respiratory infection symptoms, with some that
quickly developed acute respiratory failure and other
serious complications [20]. The first three patients
reported by the China Novel Coronavirus
Investigating and Research Team all developed severe
pneumcenia and two of these three patients with
available clinical profiles showed a common feature of
fever and cough [8]. A subsequent investigation of a
family of six patients in the University of Hong
Kong-Shenzhen Hospital demonstrated that all of
them had pulmonary infiltrates, with a variety of
other symptoms [18}. The chest X-ray and CT imaging
in a study showed that 73% of 99 patients
demonsirated bilateral pneumonia and the remaining
25% unilateral pteumonia [21]. Overall, 14% of the
patients showed multiple mottling and ground-glass
opacity [21]. The first cases of coronavirus infection in
the United States also showed basilar streaky
opacities in both lungs by chest radiography.
However, the pneumonia for this patient was only
detected on the day 10 of his illness [22]. It is also of
note that one of patients among the family of six
patients did not present any other symptoms and
signs, but had ground-glass lung opacities identified
by CT scan [18].
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Table 1. Common signs and symptoms of SARS-CoV-2 infected patients from four reports

Signs or Symptons

Number of patients with signs or symptoms from each report

_ Number of patients with  Total number of  Percentage

Report1{21]  Report2123] | Report3[24]  Report & [25]  signs or symploms patients
Fever T82(n=98) 40 fn=d1) 136 (n=138) 975 (n=1099) 1233 1377 ok
Cough 81 (n=99) 31 (n=41) 82 (n=138) 745 (n=1099) 939 1377 68%
Sputum production/ NR 11 (n=39) 37 (n=138) 370 (n=1099) 418 1276 33%
Expectoration
Shortness of breath/ 31 (n=99) 22 (n=40} 43 (n=138) 203 (n=1099) 301 1376 22%
Dyspnoea
Headache 8 (=99} 3(n=38) 9 (n=138) 150 M=1089) 170 1374 12%
Sore throat/Pharyngalgia 5 ({n=99} NR 24 {n=138) 153 (n=1099} 182 1336 14%
Diarrhoea 2 (n=99 1 (n=38) 14 (n=138) 42 (n=1099) 5% 1374 4%

NR: Not Recorded.

At least four comprehensive studies on the
epidemioclogical and clinical characteristics of SARS-
CoV-2 infected patients have been performed [21,
23-25]. The most common signs and symptoms of
patients are fever and cough [21,23-25]. Fatigue was
complained by 96% of patients {n=138) in one study
[24], but was less outstanding (18%, n=44) in another
report [23]. A combinational analysis of the common
recorded signs or symptoms of the reported cases
found that fever was observed in around 90% of the
SARS-CoV-2 infected patients; the number of patients
with cough is relatively Jess (68%) compared to fever
{Table 1). In addition, shortness of breath or dyspnea,
muscle ache, headache, chest pain, diarrhea,
haemoptysis, sputum production, rhinorrhoea,
nausea and vomiting, sore throat, confusion, and
anorexia were also observed in a proportion of the
patients [21,23-25] (Table 1).

A common feature of patients of SARS, MERS or
COVID-19 is the presence of severe acute respiratory
syndrome; however, the estimated fatality rate of
COVID-19 (2.3%) is much lower than SARS (~10%)
and MERS (~36%) [26,27]. Furthermore, the viruses
responsible for above three diseases are evolutionary
distinct (See below for details) [19].

Transmission of the virus

It is clear now that SARS-CoV-2 can be
transmitted by human-to-human despite the majority
of the early cases had contact history with the Huanan
Seafood market {11,18,28]. Analysis of 425 patients
with  confirmed COVID-19 showed that the
incubation period is 3 to 7 days. The mean was 5.2
days (95% CIL 4.1 to 7.0), and the 95" percentile of the
distribution is 12.5 days (95% CLI: 9.2 to 18) [I1]
Notably, it was reported that the incubation period
could be as long as 24 days in a rare case [25]. The
basic reproductive number (Ro) up to the period of 4
Jan 2020 was estimated based on the study of 425
patients to be 2.2 (meaning that one patient has been
spreading infection to 2.2 other people) [11], slightly
smaller than the value of 2.68 by a modelling in

another {29]. The Ry of SARS-CoV-2 from both of these
two studies is smaller than that of SRAS, which are 3
before public health measures were implemented
[30]. However, subsequent investigation based on the
analysis of high-resolution real-time human travel
and infection data estimated that the Ry is much
larger, ranging from 4.7 to 6.6 before the control
measures [31], implying that SARS-CoV-2 is highly
contagious and more infectious than initially
estimated. This conclusion is consistent with the wide
spread of SARS-CoV-2 within a short period time and
was also echoed by the {inding that SARS-CoV-2
Spike (5) protein had 10- to 20-fold higher affinity to
human angiotensin-converting enzyme 2 (ACE2)
receptor than that of SARS-CoV based on the
Cryo-EM structure analysis of S proteins [32}. Similar
to SARS5-CoV, the entry of SARS-CoV-2 into host cells
depends on the recognition and binding of S protein
to ACEZ receptor of the host cells [14,33]. The high
affinity of $ protein to ACE2 receptor likely
contributes to the quick spreading of virus. The
finding of ACE2 as the receptor of SARS-CoV-2 also
indicates that human organs with high ACE2
expression level, such as lung alveolar epithelial cells
and enterocytes of the small intestine, are potentially
the target of SARS-CoV-2 [34].

As a new coronavirus, it is not known yet about
how SARS-CoV-2 spreads. Current knowledge for
SARS-CoV-2 transmission is largely based on what is
known from the similar coronaviruses, particularly
S5ARS-CoV and MERS-CoV, in which human-to-
human transmission occurs through droplets, contact
and fomites. SARS-CoV is predominantly transmitted
through indirect or direct contact with wmucous
membranes in the mouth, eyes, or nose [35]. It has
been shown that unprotected eyes and exposed
mucous membranes are vulnerable to SARS-CoV
transmission [36]. A member of the national expert
panel on pneumonia was infected by SARS-CoV-2
after the inspection in Wuhan [37}. As he wore a N95
mask but not any eye protector, and experienced eye
redness before the onset of pneumonia, it was thus
suspected that unprotected exposure of the eyes to
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SARS-CoV-2 might be another transmission pathway
137]. However, SARS-CoV-2 was not detected from
the conjunctival swab sample in a confirmed COVID-
19 patent with conjunctivitis [38], suggesting that
more evidences are needed before concluding the
conjunctival route as the transmission pathway of
SARS5-CoV-2. The mode of transmission by MERS-
CoV is not well understood but is believed to spread
largely via the respiratory close contact route {39,40].

Based on the transmission mode of SARS-CoV
and MERS-CoV, a serial of preventive measures have
been recommended, including avoiding close contact
with people suffering from acute respiratory
infections and frequent hand-washing [41]. The
viruses of SARS-CoV-2 were also detected in the stool
samples in some patients bot not all [18,22},
suggesting that a possible fecal-oral transmission
occurs [42]. A systematic study showed that viruses
could be detected in oral swabs, anal swabs and blood
samples of the patients, and the anal swabs and blood
could test positive when oral swab tested negative
[43]. Furthermore, a trend of shift from more oral
positive in the collected samples during the early
period of patient infection to more anal positive
during later period of infection was also found [43].
Therefore, a multiple shedding routes of SARS-CoV-2
might exist.

One of the challenges for preventive control of
S5ARS5-CoV-2 spreading is that the viruses are likely
transmitted by asymptomatic contact. A German
businessman was found infected by SARS-CoV-2 after
attending a conference together with a colleague, who
had no signs or symptoms of infection but had
become il] due to the SARS-CoV-2 infection later [44].
This observation suggests that infected patients likely
start to shed viruses before the onset of any symptom,
which undoubtedly will bring great challenge to the
current practice of preventive control by measuring
body temperature. Despite the claim of the
transmission by asymptomatic contact has been
challenged [45], other asymptomatic carriers were
also observed to transmit the viruses of SARS-CoV-2
[46,47]. Consistently, a study found that an
asymptomatic patient had a similar vial loads in the
samples of nasal and throat swabs to that of the
symptomatic patients [48].

The origin and evolution of SARS-CoV-2

It is critical to identify the origin, native host(s)
and evolution pathway of the virus that causes an
outbreak of a pandemic. This information can help
understand the molecular mechanism of iis
cross-species spread and implement a proper control
measure to prevent it from further spreading. The
association of initially confirmed SARS-CoV-2 cases

with Huanan Seafood market suggested that the
marketplace has played a role in the early spreading
[11,23], however, whether it is the origin of the
outbreak and what is the native host{s) of
SARS-CoV-2 remain uncertain. In fact, the firstly
documented patient was not linked to Huanan
Seafood market [23].

The analysis of SARS-CoV-2 origin was firstly
performed based on the genome sequence of virus
isolates from six patients [19]. When compared with
SARS-CoV and MERS-CoV, the nucleotide sequences
of SARS-CoV-2 showed a higher homology with that
of SARS-CoV while was relatively poor with that of
MERS-CoV [19]. Despite some of the six major OFRs
of SARS-CoV-2 genes share less than 80% identity in
nucleotide acids to SARS-CoV, the seven conserved
replicase domains in ORFlab has 94.6% sequence
identity in amino acids between SARS-CoV-2 and
SARS-CoV [14], suggesting that these two viruses
might belong to the same species. The origin of
SARS-CoV has been extensively investigated. Masked
palm civets were initially considered to transmit
SARS-CoV to humans as a close variant of SARS-CoV
was detected from palm civets [49]. This conclusion
was supported by the fact that three of the four
patients had the record of contact with palm civets
during the two small-scale of SARS outbreaks
occurred in late 2003 and early 2004 [50, 31}. However,
a deep investigation based on the genome sequence of
isolated viruses showed that SARS-CoV-like virus in
civet had not been circulating for long [52}.
Subsequently, coronaviruses with high similarity to
the human SARS-CoV or civet SARS-CoV-like virus
were isolated from horseshoe bats, concluding the
bats as the potential natural reservoir of SARS-CoV
whereas masked palm civets are the intermediate host
[53-56].

It is thus reasonable to suspect that bat is the
natural host of SARS-CoV-2 considering its similarity
with SARS-CoV. The phylogenetic analysis of SARS-
CoV-2 against a collection of coronavirus sequences
from various sources found that SARS-CoV-2
belonged to the Betacoronavirus genera and was closer
to SARS-like coronavirus in bat [19]. By analyzing
genome sequence of SARS-CoV-2, it was found that
SARS-CoV-2 felled within the subgenus Sarbecovirus
of the genus Betacoronavirus and was closely related
to  two bat-derived GSARS-like coronaviruses,
bat-SL-CoVZC45 and bat-SL-CoVZX(21, but were
relatively distant from SARS-CoV [15, 18, 57-59].
Meanwhile, Zhou and colleagues showed that
SARS-CoV-2 had 96.2% overall genome sequence
identity throughout the genome to BatCoV RaTG13, a
bat coronavirus detected in Rhinolophus affinis from
Yunnan province [14]. Furthermore, the phylogenetic
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analysis of full-length genome, the receptor binding
protein spike (5) gene, and RNA-dependent RNA
polymerase  (RdRp) gene  respectively  all
demonstrated that RaTG13 was the closest relative of
the SARS-CoV-2 [14]. However, despite SARS-CoV-2
showed high similarity to coronavirus from bat,
SARS-CoV-2 changed topological position within the
subgenus Sarbecovirus when different gene was used
for phylogenetic analysis: SARS-CoV-2 was closer to
bat-SL-CoVZC45 in the S gene phylogeny but felled in
a basal position within the subgenus Sarbecovirus in
the ORF1b tree [57). This finding implies a possible
recombination event in this group of viruses. Of note,
the receptor-binding domain of SARS-CoV-2
demonstrates a similar structure to that of SAR5-CoV
by homology modelling but a few variations in the
key residues exist at amino acid level [15, 19].

Despite current evidences are pointing to the
evolutional origin of SARS-CoV-2 from bat virus [15,
57], an intermediate host between bats and human
might exist. Lu et. al. raised four reasons for such
speculation {15): First, most bat species in Wuhan are
hibernating in late December; Second, no bats in
Huanan Seafood market were sold or found; Third,
the sequence identity between SARS-CoV-2 and
bat-SL-CoVZC45 or bat-5L-CoVZXC2E, the closest
relatives in their analyses, is lower than 90%; Fourth,
there is an intermediate host for other human-
infecting corenaviruses that origin from bat. For
example, masked palm civet and dromedary camels
are the intermediate hosts for SARS-CoV [49] and
MERS-CoV respectively [60]. A study of the relative
synonymous codon usage (RSCU) found that
SARS-CoV-2, bat-SL-CoVZC45, and snakes had
similar synonymous codon usage bias, and speculated
that snake might be the intermediate host [61].
However, no SARS-CoV-2 has been isolated from
snake yet.

Pangolin was later found to be a potential
intermediate host for SARS-CoV-2. The analysis of
samples from Malytan pangolins obtained during
anti-smuggling operations from Guangdong and
Guangxi Customs of China respectively found novel
coronaviruses representing two sub-lineages related
to SARS-CoV-2 [62]. The similarity of SAR5-CoV-2 to
these identified coronaviruses from pangolins is
approximately 85.5% to 92.4% in genomes, lower than
that to the bat coronavirus RaTG13 (96.2%) [14,62).
However, the receptor-binding domain of 5 protein
from one sub-lineage of the pangolin coronaviruses
shows 97.4% similarity in amino acid sequences to
that of SARS-CoV-2, even higher than that toc RaTG13
(89.2%) [62]. Interestingly, the pangolin coronavirus
and SARS-CoV-2 share identical amino acids at the
five critical residues of RBD of S protein, while

RaTG13 only possesses one [62]. The discovery of
coronavirus close to SARS5-CoV-2 from pangolin
suggests that pangolin is a potential intermediate
host. However, the roles of bat and pangolin as
respective natural reservoir and intermediate host still
need further investigation.

Chemotherapeutic options for SARS-CoV-2
infection

As an emerging virus, there is no effective drug
or vaccine approved for the treatment of SARS-CoV-2
infection yet. Currently, supportive care is provided
to the patients, including oxygen therapy, antibiotic
treatment, and antifungal treatment, exira-corporeal
membrane oxygenation (ECMO) etc. [21,22] To
search for an antiviral drug effective in treating
SARS-CoV-2 infection, Wang and colleagues
evaluated seven drugs, namely, ribavirin, penciclovir,
nitazoxanide, nafamostat, chloroguine, remdesivir
(GGS-5734) and favipiravir (T-750) against the infection
of SARS-CoV-2 on Vero E6 cells in vitre [63]. Among
these seven drugs, chloroquine and remdesivir
demonstrated the most powerful antiviral activities
with low cytotoxicity. The effective concentration
(ECso) for chloroquine and remdesivir were 0.77uM
and 1.13uM respectively. Chloroquine functions at
both viral entry and postentry stages of the
SARS-CoV-2 infection in Vero E6 cells whereas
remdesivir does at post-entry stage only. Chloroquine
is a drug used for an autcimmune disease and
malarial infection with potential broad-spectrum
antiviral activities [64,65]. An ECy (6.90 M) against
the SARS-CoV-2 in Vero E6 cells is clinically
achievable in vive according to a previous clinical trial
f{66}. Remdesivir is a drug currently under the
development for Ebola virus infection and is effective
to a broad range of viruses including SARS-CoV and
MERS-CoV {67,68]. Functioning as an adenosine
analogue targeting RdRp, Remdesivir can result in
premature termination during the virus transcription
[69,70]. The ECa of remdesivir against SARS-CoV-2 in
Vero E6 cells is 1.76 uM, which is achievable in vivo
based on a trial in nonhuman primate experiment [63,
69]. Encouragingly, in the first case of SARS-CoV-2
infection in the United States, treatment with
remdesivir was provided intravenously to the patient
on the day 7 without any adverse events observed.
The patient’s clinical condition was improved on day
8 and the previous bilateral lower-lobe rales
disappeared, implying the remdesivir might be
effective to the treatment of SARS-CoV-2 infection
[22]. This result, however, should be interpreted with
caution as this is ondy single case study and a proper
trial control was lacking. In addition, baricitinib, a
Janus kinase inhibitor, was also predicted to reduce
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the ability of virus to infect lung cell by an analysis of
BenevolentAl [71].

Currently, chloroquine and remdesivir are under
phase 3 clinical trial and open-label trial for treatment
of SAR5-CoV-2 infection respectively (Table 2) [72].
Preliminary results showed that chloroquine
phosphate had apparent efficacy in treatment of
COVID-19 [73]. However, caution must be taken
during clinical use of chloroquine as its overdose is
highly fatal without known antidote [74]. Despite the
lack of documented in vitro data supporting the
antiviral efficacy on SARS-CoV-2, several antiviral
chemotherapeutic agents have been registered for the
clinical trials for the treatrent of COVID-19 (Table 2}
[72].

Conclusion remarks

S5ARS-CoV-2 is an emerging pathogen, without
any effective drug available for treatment at the
mornent. It spreads quickly and can result in death of
the infected patients. Despite the current mortality
rate is 2.3% [26], the emergence of large number of
infected patients within short period of time could

result in the collapse of heaith care system, and thus
the mortality rate might be elevated. Effective
preventive measures must be implemented to control
it from global spreading. In addition, great effort
should be made on the development of vaccine and
antiviral drugs. Meanwhile, the intermediate host and
the molecular mechanism of its cross-species spread
should be further investigated. Legislation should be
employed to prohibit the trade of wild animals, the
potential intermediate host(s) of various viruses, to
prevent the cutbreak of this and other novel viruses in
future.
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Table 2. Summary of chemotherapeutic drugs under dinical trial for COVID-19

Target and Mode of  In Vifro Antiviral
Action in other Achivity to
Viruses SARS-CoV-2

Name of Drug

Clinical Trial Status  Clinical Trial Registration Number
for COVID-19

Remdesivir (G5-5734) Inkibits RARp [70]  Tested (63]
Favipiravir trhibits RARp [75]  Tested [63]
Ribavirin Inhibits viral RNA Tested {63]
synthesis and mRNA
capping [76]
Lopinavir Inhibsts 3C like Not tested
protease (3Clpro) {77]
Ritonavir Inhibits 3Clpro [77]  Not tesied

Darunavir and Cobicistat Inhibits HIV protease Not tested
(78]
Inhibits HIV protease Not tested

[79]

ASCO9F (HIV protease inhibitor)

A lysosomatropic Tested [63]
base that appears to
disrupt intracellular
trafficking and viral

fusion events [§0]

Chleroquine

Arhidol (Umifenavir) Block viral fusion [81] Not tested

Inhibil neuaminidase Not tested
(82]

Cseltamivir

Phase 3

NCT04252664; NCTU4257656

Randomized {rial ChiCTR2000029544; ChiCTR2000829600

Randomized trial, in  ChiCTR2000(079387
combination a
pegylated interferon

Phase 3 NCT04252274; NCT04251871; NCT04255017;
CHhCTR2000029539

Phase 3 NCT04251871; NCT (4255017, NCT04261270

Phase 3 NCTH4252374

Phase 3, in NCT04261270

combination with

oscltamivir

Open-label trial ChiCTR2000030054; ChiCTR2000029838;
ChiCTR2000029935; ChiCTR2000029898,
ChiCTR2000029898; ChiCTR2000028837;
ChiCTR2000029803; ChiCTR2000029751;
ChiCTR2000029740; ChiCTR2000029559;
ChiCTR2000029542; ChiCTR2000029868;
CriCTR2000029826; ChiCTR2000029762;
ChiCTR2000029760; ChiCTR2000029609

Phasc 4 NCT04260394; NCT04254874; NCT4255017

Phase 3and Phase 4 NCTD4255017; NCT64261270
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Isolation and rapid sharing of the 2019 novel
coronavirus (SARS-CoV-2) from the first patient
diagnosed with COVID-19 in Australia

The recognition in 2019 of the first cutbreak in Wuhan, China,
of a respiratory disease (COVID-19) associated with a novel
coronavirus, severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) triggered an international response unparalleled
in its scale and tempo. ™" In particular, the rapid sharing and
integration of clinical and epidemiological data has facilitated
understanding of the spectrum of clinical disease caused by
SARS-CoV-2 and the extent of its glebal spread, although there
are still many unanswered questions. Further, rapid genomic
analyses have corroborated epidemiological investigations, sug-
gesting a global peint source outbreak of a novel betacoronavirus
originating in Wulan, ™

The fundamental pillars of the control of any infectious disease
are effective prevention, diagnostic, and treatment strategios.
For viral pathogens, the propagation of live virus and the timely
dissemination of the viral isolate to domestic and international
scientific and public health agencies are critical. Rapid sharing
of material has allowed laboratories to validate their diagnostic
assays and {o confirm their ability to detect SARS-CoV-2, In this
report we describe the clinical course and laboratory features of
the first reported case of COVID-19 in Australia, together with
the isolation, sequencing, and imaging of the virus.

Case report and clinical course

A 58-vear-old man from Wuhan, China, felt unwell on the day
of his arrival in Melbourne (19 January 2020} In China, ke had
had no contact with live food markets, people known 1o have
COVID-19, or hospitals. His medical history included type 2
diabetes mellitus, and he had ceased smoking four years previ-
ously. He developed fever on 20 January and a cough with spu-
tum preduction on 23 January; on 24 January, he was admitied

i, Yano voga, Willam Maught
%, Shargn R Lewin®

Objectives: To describe the first isolation and sequencing of SARS-
CoV-2 in Australia and rapid sharing of the isolate.

Setting: SARS-CoV-2 was isolated from a 58-year-cld man from
Wuhan, China who arrived in Melbourne on 49 January 2020 and
was admitted to the Monash Medical Centre, Melbourne from the
emergency department on 24 January 2020 with fever, cough, and
progressive dyspnoea.

Major outcomes: Clinical course and laboratory features of the
first reported case of COVID-19 {the illness taused by SARS-Cov-2)
in Australia; isolation, whole genome seguencing, imaging, and
rapid sharing of virus from the patient.

Results: A nasopharyngeal swab and sputum collected when the
natient presented to hospital were each positive for SARS-CoV-7
{reverse transcription polymerase chain reaction). Inoculation

of Vero/hSLAM cells with material from the nasopharyngesl
swab led to the isolation of SARS-CoV-2 virus in culture, Electron
microscopy of the supernatant confirmed the presence of virus
particles with morphology characteristic of viruses of the family
Coronaviridae. Whole genome sequencing of the viral isofate and
phylogenetic analysis indicated the isolate exhibited greater than
99.99% sequence identity with other publicly available SARS-
CoV-2 genomes. Within 24 hours of isolation, the first Australian
SARS-CoV-2 isclate was shared with local and averseas reference
laboratories and major North American and European culture
collections.

Conclusions: The ability to rapidly identify, propagate, and
internationally share our SARS-CoV-2 isolate is an important
step in collaborative scientific efforts to deal effectively with
this international pubfic heatth emergency by developing better
@iagnostic procedures, vaccine candidates, and antiviral agents.

lo the Monash Medical Centre, Melbourne, from its emergency
department with progressive dyspnoca. His temperature was
38.1°C, his heart rate 95 beats/min, and O2 saturation 94% on
roon: air. A chest x-ray showed subtle ill-defined opacities in the
middle zones bilateraily and in the left lower zone. A thoracic
computed lomography scan on admission day four identified
extensive ground glass opacities wilh a peribronchevascular
and peripheral distribution in the middle to upper zones of the
lungs (Hox 1), Full blood examinalion results incJuded a lyim-
phocyte count of 0.86 x 10"/L (reference range, 1.0-4.0 x 107/L).
C-reactive protemn concentration peaked on admission day 6 at
182 mg /L (reference range, 0-5 mg /L). Liver function test abnor-
malities peaked on admission day 12 — alkaline phosphatase,
210 U/L {reference range, 30-110 U/L); y-glutamyltransferase,
416 U/L (reference range, 30-110 U/L); alanine aminotransferase,
183 U/L (reference range, 5—40 U/L) — and hepatic steatosis was
evident on liver uitrasound. Intravenous ceftriaxone (2 g/day)
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1 Thoracic computed tomography {CT) image of patient on
admission day 4

and azithromycin (500 mg/day) were commenced on admission
day 4 to treat potential secondary bacterial pneumonia, although
no bacterial pathogen was identified. Low-flow oxygen {maxi-
mum 3 L/min via nasal prongs) was administered until admis-
sion day 10. The patient gradually improved; fever, proeductive
cough and dyspnoeea resolved by admission day 12, and he was
discharged from hospital on 7 February {admission day 15}

Methods

Diagnostic testing for SARS-CoV-2

Real time reverse transcription (RT) polymerase chain reaction
(PCR} testing for SARS-CoV-2 was performed on ma-
terial from an initial nasopharyngeal swab in 200 L

phosphotungstic acid (pH 7.0) and examined with an FEI Tecnai
T12 electron microscope at 80kV. The remaining pellet was
stained en bBloc and embedded in resing 70 nm sections were ex-
amined with an FEI Tecnai F38 electron microscope at 200kV
(Supparting Information, 23-2.2)

Whole genome sequencing of SARS-CoV-2 and
bioinformatic analysis

We extracted RNA for whele genome sequencing of the viral
isolate. Briefly, RNA was extracted from clarified codl cul-
ture supernatant and randomly amplified ¢cDNA prepared by
sequence-independent  single-primer amplification (SI1SPALY
Sequencing was performed with a combination of Oxford
Nanopore Technologies and Illumina short-read sequencing,
Genomic assembly of the BetaCoV/Australia/VIC/01/2020 ge-
nome was confirmed by parallel de novo and reference-guided
methods Guppoerting Information, 3.1-3.4).

Results

Detection of SARS-CoV-2 in clinical samples

A nasopharyngeal swab and sputum collected on presentation
were positive for SARS-CoV-2 on real ime RT-PCR assay. Serial
daily RT-PCR testing of nasopharyngeal swabs and sputum from
the patient indicaled a gradual decline in viral load in sputum
between admission days T and 8, and a dectine in viral load and
disappearance from nasopharvngeal swabs by admission day
7. No virus was detected in urine samples, nor in single faccal
(admission day 3) or plasma samples (admission day 1) (Bes 2).

Growth, visualisation, and global sharing of SARS-CoV-2
virus

Two days after inoculation of the VERO/h51L.AM cell line, a sub-
tle viral cytopathic effect was observed, and was distinct at day
6 compared with an uninfected control cell line (Bos 3). RT-PCR
testing of the cell line supernatant confirmed a high viral load,
suggesting productive viral infection (Box 4). Electron micro-
graphs of the negatively stained supernatant showed spherical

viral transport medium, and separately for sputum,
urine, faeces, and serum samples. Briefly, an in-house
real time RT-PCR assav was developed, and all positive
tests confirmed by nested RT-PCR, using previously
described methods. PCR preducts underwent in-

2 Clinical course of first Australian case of COVID-19, including laboratory
investigations

house Sanger sequencing, which confirmed the pres- 25 =
ence of SARS-CoV-2 (online bSupparting Information, =
11-1.3) 3 w0
z
Virus culture and electron microscopy % 25 4]
Matertal from the initial nasopharyngeal swab was i
used to inoculate a Vero/hSLLAM cell line {Eurppean 5 40
Collection of Authenticated Cell Cultures [ECACC] %
#04091501). Flasks were monitored for the develop- KT
ment of viral cytopathic effect and 140 pl. aliquots re- b
moved every 48 hours to assess virus burden by real 50 -

time RT-PCR.

For electron microscopy, a 4 mL aliquot of superna-
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tant from cell cultures grown in the presence of 4 g/
mk trypsin was inactivated with 0.5% glutaraldehyde
for 12 h and clarified by centrifugation at 1000 g for

SARS-Cov-2 was quantified by real time RT-PCR. The eyele threshold count is showrn fer each spacimen
type: anincrease in count vaive is consistent with reduced viral loac. The assay imit of detection (dashed
linzd theeshold i< 2 count of 45 open symbais bereath the threshold indicete nudl detechion of virus, €

3 min. Supernatant was negalively stained with 3%



'3 Light microscapy of Vero/hSLAM cells. A. Cells infected with
material from patient, with viral cytopathic effect (CPE}
evident six days after inoculation. B. Uninfected (control} celis

and pleomorphic virus-like particles of Y0-110 nm diameter; the
particles displaved prominent spikes (3-12 nm), characteristic
of viruses from the family Ceronaviridse (Box 5, A). Electron mi-
crographs of sectioned VERQ/HSLAM cells showed cytoplasmic
membrane-bound vesicles comtaining coronavirus particles (Box
5, B) Following several failures to recover virions with the char-
acteristic fringe of surface spike preteins, it was found that add-
ing trypsin to the cell culture medium immediately improved
virion morphology.

In consultation with the World Health Organization, the viral
isolate was shared with domestic and international reference
laboratories within 24 hours, and lodgement with major North
American and European culture collections for further distribu-
tion is underway.

Phylogenetic analysis

Phylogencetic analysis indicated that the genome sequence of
our isolate (BetaCoV/Australia/VIC01/20207 exhibited greater
than 9999% sequence identity with other publicly available
SARS-CoV-2 genomes (online Supporting Information, 3.4,
consistent with the epidemiclogical features of this case origi-
nating in Wuhan" Compared with the National Center for
Biotechnology  Information  {NCBI) SARS-CoV-2  reference

4 SARS-CoV-2 viral load, guantified by real time polymerase
chain reaction {RY-PCR} of supernatant from virus-infected
VerofhSLAM cell culture”
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* Lower threshald cycle count values indizate higher viralloacs €

sequence (NC_045512.3), there were three previously described
singte nucleotide polymorphisms and a 10 base pair deletion
in the 3 untranslated region (3'UTR) {(~upporting Information,
34). Qur sequences are available at GenBank (accession num-
ber, MT007544.1), and the genome was rapidly uploaded to the
Global Initiative of Sharing All Influenza {GISAID) (accession
number, EPL_ISL_406844).

Discussion

We have described the first reported case of COVID-19 in
Australia, with rapid diagnosis, and isclation, imaging, and
sharing of the causative agent, SARS-CoV-2. By 12 March 2020,
there had been 140 confirmed cases in Australia; three patients
had died.  Although 65% of confirmed cases around the world
have been reported from China, an increasing number are being
reported in South Korea, Italy, and Tran, and limited human-
to-human transmission has been described.” ¥ ' Although the
number of cases in Australia is relatively small, the political and
societal effects (as in other countries) have already been con-
siderable, including travel restrictions to and from mainland
China, the Republic of Korea, Italy, and Iran. “The sustainability
of these measures and their effects on lecal and gleobal control
remain to be established, but the consequences of the outbreak
will probably be felt for many menths, if not longer.

The clinical features in our case were consistent with other re-
cent reports, including the initial presentation of fever, cough,
and progressive dyspnoea.’ It is notable that the viral burden
was greatest in sputum specimens, which remained positive for
S5ARS-CoV-2 for eight days after initial presentation, compared
with four davs for nasopharvngeal swabs (Box 23 The decline
in viral load was correlated with the resolution of fever and,
uitimately, clinical improvement. One unresolved question is
whether patients who are clinically stable and deemed fit to be
discharged from hospital bul have PCR-detectable virus are in-
fectious, or whether this indicates only the persistence of non-
infectious, residual viral RNA.

We applied standard techniques to isolate the virus, but we were
the first group to isolate it outside China during the carly stages
of the epidemic. Potential reasons for our success could be the




5 Electron micrographs of cell culture supernatant. A. 100 nm spherical
virion displaying the characteristic erown-like fringe of spike proteins.
2. Infected VERO/hSLAM sections with membrane-bound vesicles

share live virus with other agencies, both locally and
overseas, involved in the development and testing of
therapeutic agents and vaccines. This is an essential
function of public health reference and research lab-
oratories, and we strongly encourage others to apply
a similarly collaborative approach te streamlining
cfforts to diagnose, prevent, and treat COVID-19
during this public health emergency.
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IN THE HIGH COURT OF SOUTH AFRICA
(WESTERN CAPE DIVISION)

CASE NO:5852/2021

in the Matter between:

RICARDO MAARMAN APPLICANT

AND

THE PRESIDENT OF THE REPUBLIC

OF SOUTH AFRICA FIRST RESPONDENT
AND

THE MINISTER OF CO-OPERATIVE

GOVERNANCE AND TRADITIONAL
AFFAIRS SECOND RESPONDENT

AND

PROFESSOR SALIM ABDOOL KARIM on behalf of the
GOVERNMENTAL COVID 19 ADVISORY COMMITTEE THRID RESPONDENT

NOTICE IN TERMS OF RULE 16A
SUBMISSIONS BY AMICUS CURIAE

TAKE NOTICE THAT,;

The applicant herein is raising Constitutional issues in an appiication on 20

April 2021.

THE CONSTITUTIONAL PRINCIPLES INVOLVED
1. The Constitution provides that the Republic of South Africa is a
sovereign, democratic state founded, inter alia, on the following values:
Life, Human dignity, the achievement of equality and the advancement

of human rights and freedoms and the Rule of Law.

7
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. The Constitution provides that "All spheres of government and all
organs of state within each sphere must be loyal to the Constitution,
the Republic and its people; respect the constitutional status and not
assume any power or function except those conferred on them in terms

of the Constitution.

. The Bill of Rights applies to all law, and binds the legislature, the

executive, the judiciary and all organs of state.

. Everyone has inherent dignity and the right to have their dignity

respected and protected.

. Everyone has the right to life, bodily and psychological integrity; To
make decisions concerning the security and control over their body;
Freedom to practice their trade, Freedom of movement, occupation
and profession; Not to be treated in a cruel, inhuman or degrading way;
Their right to have access to health care services,; Just administrative

action.

. Every citizen has the right to administrative action that is lawful,

reasonable, and procedurally fair.

. These abovementioned rights may be limited only in terms of law of
general application to the extent that the limitation is reasonable and
justifiable in an open and democratic society based on human dignity,
equality, and freedom, taking into account all relevant factors, including

the nature of the right; the importance of the purpose of the limitation;,
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the nature and extent of the limitation; the relation between the

limitation and its purpose; and less restrictive means to achieve the

purpose.

8. No law including the DMA, may limit any right entrenched in the Bill of

Rights.

8. ltis therefore submitted that, in so far as the Regulations or any
Direction Purportedly issued pursuant thereto, that will violate the
above-mentioned fundamental rights will be inconsistent with the
Constitution, and therefore illegal and void if the SARS-CoV-2-virus is

not proven to exist.

10. Furthermore, the rights in the Bill of Rights cannot be infringed upon or

limited in any way save in terms of the provisions of section 36 or 37.

11. The national state of disaster, announced in terms of the DMA, has
been called on the mere allegation of the existence of the SARS-CoV-
2-virus, and the applicant stands on his Fundamental right to test
whether the violation of his and the entire nation’s Constitutional rights

have been based on the existence of the SARS-CoV-2-virus.

THE STATE MAY NOT INTERFERE WITH THOSE FREEDOMS, EXCEPT

UNDER SECTION 36 OF THE CONSTITUTION.

1. My respectful submission is that until the Respondent has produced

the SARS-CoV-2-virus to be tested by independent experts in the
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appropriate circumstances that the Limitation of the rights of the
Applicant and the Nation’s rights to freedom of movement is not

justified in terms of Section 36. (1) of the Constitution.

. According to Section 36. (1) The rights in the Bill of Rights may be
limited only in terms of law of general application to the extent that the
limitation is reasonable and justifiable in an open and democratic
society based on human dignity, equality and freedom, taking into

account all relevant factors.

. We are not asking this honourable Court to do the Section 36 test in
this matter, or to decide on the existence of the SARS-CoV-2-virus we
are simply asking that the respondent produces the isolated and
purified physical SARS-CoV-2-virus (not a culture isolate or any
mixture within in which the supposed virus is, nor a photograph or the
RNA-sequence only), to the applicant at the place of his choice and
under the security measures as preferred by the respondent, within 7
days, in order for us to test whether these extremely harsh disaster
enforced on the nation is in fact based on the existence of the SARS-

CoV-2-virus.

. The nature of the rights here being limited are fundamental rights in
terms of chapter two; the right to bodily and psychological integrity; The
right to make decisions concerning the security and control over their
own bodies; Freedom to practice their trade, freedom of movement,

occupation, and profession; Not to be treated in a cruel, inhuman or
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degrading way; Their right to have access to health care services; the

right to just administrative action.

5. These are fundamental rights that cannot be limited if there are no

evidence of the existence of the SARS-CoV-2-virus.

SECTION 39 OF THE CONSTITUTION AND ITS RELEVANCE TO THE

FACTS PRESENTED

1. With regards to the nature of the matter, Section 39 (1)(a) and (b)
respectively, have to be cited, as it is part and parce! of the fabric of our

society, that this section be inciuded here, which states that:

2. When interpreting the Bill of Rights, a court, tribunal or forum-
(a) must promote the values that underlie an open and democratic
society Based on human dignity , equality and freedom;
(b), must consider international law; and

(c), must consider a foreign law.

3. Its relevance, that the court should in accordance with the above be
open the facts presented below, which in turn sheds light on the

Portuguese Judgment, The Court here concludes that;

“‘Any diagnostic test must be interpreted in the context of the actual possibility
of the disease, which existed before its realization. For Covid-19, this decision

to perform the test depends on the previous assessment of the existence of
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symptoms, previous medical history of Covid 19 or presence of antibodies,
any potential exposure to this disease and no likelihood of another possible
diagnosis.” "One of the potential reasons for presenting positive results may
lie in the prolonged shedding of viral RNA, which is known to extend for
weeks after recovery, in Jthose who were previously exposed to SARS-CoV-2.
However, and more relevantly, there is no scientific data to suggest that low
levels of viral RNA by RT-PCR equate to infection, unless the presence of
infectious viral particles have been confirmed by a laboratory. In summary,
Covid-19 tests that show false positives are increasingly likely, in the current
epidemiological climate panorama in the United Kingdom, with substantial

personal, health and social system consequences.”

4. To prove the existence of something especially when it is mixed or
incorporated with other things is to first separate or isolate it, then to
measure it, to determine its parameters and to determine its qualities.
An RNA or DNA sequence is not proof of existence, e.g., having the
DNA sequence of a person does not mean that the person exist, to
prove the person exists the DNA sequence must be matched to a DNA

sequence obtained verifiably directly from the physical person.

5. Here follows explanations regarding the supposed isolation of SARS-
CoV-2: as described in an article entitled The Genetic Sequence,

Origin, Diagnosis of SARS-CoV-2, written by Huihui Wang et al. RM9
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. “Confirmed cases with SARS-CoV-2 were identified as a positive result
of a high-throughput sequencing or an RT-PCR assay for respiratory

specimens including nasal and pharyngeal swab”

. “‘Airway epithelial cells from infected patients were used to isolate a
novel coronavirus, temporarily named 2019-nCoV, but later, the Coronavirus
Research Group of the International Committee for the Classification of
viruses found that the new coronavirus is related to the SARS-virus” The
International Committee for the Classification of viruses is affiliated to the
International Council of Sciences, which in turn has a formal relationship with

UNESCO since 1947, which in turn is a specialised agency of the UN.

. “In addition, the World Health Organisation has named the disease

caused by SARS-CoV-2 as coronavirus disease 2019 (Covid-19)".

. “‘After the SARS-CoV-2 was isolated from the lower respiratory tract
specimen, a diagnostic RT-PCR test was developed. RT-PCR tests based on
the RNA-dependent RNA polymerase (RdRp) gene of the ORF1ab sequence,

E gene, N gene and S gene of the SARS-CoV-2 genome”

. “The genome of coronaviruses, ranging from 26 to 32 kilobases in

length, includes a variable number”
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. “The SARS-CoV-2 genome was reported to possess 14 ORF's

encoding 27 proteins”
WHEREIN IT WILL ASK FOR AN ORDER AS FOLLOWS.

1. That this Application is heard as a matter of urgency and that the Applicant's
failure to comply with the time limits imposed by the Rules of this Honourable

Court be condoned in terms of Rule 6 (12).

2. That the respondents produce the isolated and purified physical SARS-CoV-
2-virus (not a culture isolate or any mixture within in which the supposed virus
is, nor a photograph or the RNA-sequence only), to the applicant at the place

and in terms of their security measures of choice, within 7 days.
3. Further or alternative relief.
4. Cost of the application if opposed.
REGISTRAR
Kindly stamp this notice and then place it on the notice board designated for

that purpose for a period of 20 days.

ANY INTERESTED PARTY;
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In these proceedings may be admitted therein as amicus curiae upon such
terms and conditions as may be agreed upon in writing by the parties in terms

of the Rules of Court,

TAKE NOTICE FURTHER, that the Applicant has appointed VICTOR AND
ASSOCIATES, 24 Viola Road, Bloubergstrand, Cape Town, C/0

ROB GREEN Attorneys, Room 305 Benzal House, 3 Barrack Street, Cape
Town as its attorney of record and his service address as the address at

which the Applicant will accept service of all process in these proceedings.

KINDLY PLACE THE MATTER ON THE NOTICE

BOARD ACCORDINGLY.

DATED AT CAPE TOWN ON THIS THE 28" DAY OF MARCH 2021.

T VICTOR AND ASSOCIATES
24 Viola Road

Bloubergstrand

Cape Town

TEL 074 707 8168

FAX 086 294 5204

EMAIL victorlegalinfo@gmail.com
C/io

ROB GREEN Attorneys,



Room 305 Benzal House, 3 Barrack Street, Cape Town)

TO: THE REGISTRAR CAPE TOWN HIGH COURT

AND TO; THE RESPONDENTS

ALL RESPONDENTS SERVED AT THE OFFICE OF THE STATE
ADVOCATE CAPE TOWN

10
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GOVERNMENT GAZETTE, 15 MARCH 2020

ﬁm7 [

DEPARTMENT OF CO-OPERATIVE GOVERNANCE AND TRADITIONAL AFFAIRS

NO. 313

~ DISASTER MANAGEMENT ACT, 2002

DECLARATION OF A NATIONA_L_STAT_E OF DISASTER

=15 MARCH 2020

Considering the magnitude and severity of the COVID-18 outbreak which has been declared

a global pandemic by the World Health Organisation (WHO} and classified as a national

disaster by the Head of the National Disaster Management Centre, and taking into account

the need to augment the existing measures undertaken by organs of state to deal with the

pandemic, |, Dr Nkosazana Diamini Zuma, the Minister of Cooperative Governance and

Traditional Affairs, as designated under Section 3 of the Dlsaster Management Act, 2002
(Act No. 57 of 2002) (“the Act ), in terms of - ' '

1} Section 27(1)

of the Act, hereby declare a national state of disaster having recognised

that special cwcumstances ex;st to warrant the decfaratxon of a national state of _

disaster; and

2)  Section 27(2) of the Act may,

when required, make reguiations or issue directions or

authorise the issue of directions conceming the matters lisied therem only to the extent

that it is necessary for the purpose of —

(@)
(b)
(c)
(d)
(e)

assisting and protecting the public;
providing relief to the public;
protecting property;

preventing or combatting disruption; or

dealing with the destructive and other effects of the disasier,

DR NKOSAZANA DLAMINI ZUMA, MP
MINISTER OF COOPERATIVE GOVERNANCE AND TRADITIONAL AFFAIRS _

DATE:| - Qi'; -0 B

This pazette is also available fres online at www.gpwonline.co.2 *
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Abstract

Coronavirus disease 2019 (COVID-19), caused by severe acute respiratory syndrome coronavirus 2 {SARS-CoV-2}, is a new
‘nfectious disease that first emerged in Hubei province, China, in December 201 9, which was found to be associated with a large
seafood and animal market in Wuhan. Airway epithelial cells from infected patients were used to isolate a novel coronavirus,
named the SARS-CoV-2, on January 12, 2020, which is the seventh member of the coronavirus family to infect humans.
Phylogenetic analysis of full-length genome sequences obtained from infected patients showed that SARS-CoV-2 is similar to
severe acute respiratory syndrome coronavirus (SARS-CoV) and uses the same cell entry receptor, angiotensin-converting
enzyme 2 (ACE2), as SARS-CoV. The possible person-to-person disease rapidly spread to many provinces in China as well
as other countries. Without a therapeutic vaccine or specific antiviral drugs, early detection and isolation become essential against
novel Coronavirus. In this review, we introduced current diagnostic methods and critetia for the SARS-CoV-2 in China and
discuss the advantages and limitations of the current diagnostic methods, including chest imaging and laboratory detection.

Keywords SARS-CoV-2 - COVID-19 - Origin - Diagnosis

Introduction

Coronaviruses are unsegmented single-stranded RNA viruses
ranging from 26 to 32 kilobases in length, belonging to the
subfamily Corenavirinae of the family Coronaviridae of the
order Nidovirales [1]. Accerding to the serotype and genomic
characteristics, the Coronavirinae subfamily is divided into
four major genera: Alphacoronavirus, Betacoronavirus,
Gammacoronavirus, and Deltacoronavirus [2]. The former
¢wo genera primarily infect mammals, whereas the fatter two
predominantly infect birds {3]. Coronaviruses mainly cause
respiratory and gastrointestinal tract infections; six kinds of
human CoVs have been previously identified, including the
HCoV-NL63 and the HCoV-229E, which belong to the
Alphacoronavirus genus, and the HCoV-0C43, the
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HCoVHKU 1, the severe acute respiratory syndrome corona-
virus (SARS-CoV), and the Middle East respiratory syndrome
coronavirus (MERS-CoV), which belong to the
Betacoronavirus genus [4]. Given the high prevalence and
wide distribution of coronaviruses in animals, the large genet-
ic diversity and frequent recombination of their genomes, and
increasing human-animal interface activities and frequent
cross-species infections, novel coronaviruses are likely to
emerge periodically in humans [5].

In December 2019, a group of pneumonia cases was re-
ported at a wholesale seafood market in Wuhan, Hubei prov-
ince, which was found to be caused by previously unknown
Coronaviruses {6]. On December 29, 2019, the local hospitals
using a surveillance mechanism for “pneumonia of an un-
known etiology,” which was established in the wake of the
2003 severe acute respiratory syndrome (SARS) outbreak,
identified the first 4 cases which were all associated with the
Huanan (Southem China) Seafood Wholesale Market. On
December 31, 2019, the Chinese Center for Disease Control
and Prevention (China CDC) dispatched a rapid response
team to accompany Hubei provincial and Wuban city health
authorities and to conduct an epidemiologic and etiologic in-
vestigation. Similar cases were subsequently reported in
Wauhan, and many of these patients did not have contacts with
the Huanan Seafood Wholesale Markets or animals.
Epidemiological investigation showed that about only 1% of

@ Springer
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the patients had direct contact with the live-animal market
trade, while more than three quarters were local residents of
Wuhan or had made contact with people from Wuhan, sug-
gesting a person-to-person transmission of this novel corona-
virus was possible [7]. Airway epithelial ceils from infected
patients were used to isolate a novel coronavirus, temporarily
named 2019-nCoV [8], but later, the Coronavirus Research
Group (CSG) of the International Committee for the classifi-
cation of viruses found that the new coronavirus is related to
the SARS virus (SARS-CoV) that swept China in 2003. Both
belong to a “species” category called severe acute respiratory
syndrome-related coronavirus. Therefore, on February 11,
2020, the International Committee for the classification of
viruses designated the name of this coronavirus as the severe
acute respiratory syndrome coronavirus 2 {SARS-CoV-2) [9].
In addition, the World Health Organization has named the
disease caused by the SARS-CoV-2 as coronavirus disease
2019 (COVID-19). The possible person-to-person {ransmis-
sion rapidly spreads to many provinces in China as well as
other countries. By February 27, 2020, 78,824 cases were
laboratory-confirmed, and 2788 died in China [10]. The cur-
rent public health emergency is partially similar fo the SARS
outbreak in southern China in 2002, The two cases share sim-
ilarities. Both occurred during the winter with initial cases
related to an exposure to live animals sold at animal markets,
and the amino acid sequence identity between the SARS-
CoV-2 and the SARS-CoV S-proteins is 76.47% [11]. The
current knowledge of the physical and chemical properties
of Coronaviruses is mainly derived from the study of the
SARS-CoV and the MERS-CoV. The Coronaviruses are sen-
sitive to exposure to heat (56 °C for 30 min), as well as sol-
vents including ether, 75% ethanol, chlorine-containing disin-
fectant, peroxyacetic acid, and chloroform. Other lipid sol-
vents can also effectively inactivate the virus except for chlor-
hexidine [ 12]}. According to Zhong’s latest pilot experiment, 4
out of the 62 stool specimens tested positive to the SARS-
CoV-2, suggesting oral-fecal route might have played a role
in the rapid transmission of SARS-CoV-2 [7]. However, po
cases of transmission via the fecal-oral route have yet been
reported for SARS-CoV-2. Contamination of fomite is more
likely to be caused by airway/hands. At present, respiratory
transmission and direct contact transmission are the main
routes for SARS-CoV-2.

Genetic sequence and origin
of the SARS-CoV-2

The genome of Coronaviruses, ranging from 26 to 32 kilo-
bases in length, includes a variable number of open reading
frames (ORFs) [13]. The SARS-CoV-2 genome was reported
to possess 14 ORFs encoding 27 proteins [14]. The spike
surface glycoprotein plays an essential role in binding to
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receptors on the host cell and is crucial for determining host
tropism and transmission capacity, mediating receptor binding
and membrane fusion [15]. Generally, the spike protein of
Coronaviruses is functionally divided into the S1 domain,
responsible for receptor binding, and the S2 domain, respon-
sible for cell membrane fusion [16}. The eight accessory pro-
teins (3a, 3b, p6, 7a, 7b, 8b, 9b, and orf14) and four major
structural proteins, including the spike surface glycoprotein
(S), small envelope protein (E), matrix protein (M), and nu-
cleocapsid protein (N), are located in the 3'-terminus of the
SARS-CoV-2 genome [14]. When researchers compare the
SARS-CoV-2 with the SARS-CoV at the amino acid level,
they found the SARS-CoV-2 was quite simifar to the SARS-
CoV, but there were some notable differences in the 8a, 8b,
and 3b protein [14]. When researchers compared the SARS-
CoV-2 with the MERS-CoV, they found that the SARS-CoV-2
was distant from and less related to the MERS-CoVs. From
the phylogenetic tree based on whole genomes, the SARS-
CoV-2 is paraliel to the SARS-like bat CoVs, while the
SARS-CoV has descended from the SARS-like bat CoV lin-
eage, indicating that SARS-CoV-2 is closer to the SARS-like
bat CoVs than the SARS-CoVs based on of the whote-
genome sequence {14]. Analysis of the genome from nine
patients’ samples also confirmed that the SARS-CoV-2 was
more similar to two SARS-like bat CoVs from Zhoushan in
castern China, bat-SL-CoVZC45 and bat-SL-CoVZXC(C21,
than to the SARS-CoV and the MERS-CoV [17]. At the
whole-genome level, the SARS-CoV-2 shares an 87.99% se-
quence identity with the bat-SL-CoVZC45 and 87.23% se-
quence identity with the bat-SL-CoVZXC2, less genetically
similar to the SARS-CoV (about 79%) and MERS-CoV
(about 50%) {17]. At the protein level, the lengths of most of
the proteins enceded by the SARS-CoV-2, the bat-SL-
CoVZC45, and the bat-SL-CoVZXC21 were similar, with
only a few minor insertions or deletions {17]. Although the
SARS-CoV-2 was closer to the bat-SL-CoVZC45 and the bat-
SL-CoVZXC21 at the whole-genome level, the receptor-
binding domain of the SARS-CoV-2 located in lineage B
was closer to that of the SARS-CoV [17). Given the close
relationship between the SARS-CoV-2 and the SARS-CoVs
or the SARS-like bat CoVs, further studies of the amino acid
substitutions in different proteins could explain how the
SARS-CoV-2 differs structurally and functionally from the
SARS-CoVs and how these differences affect the functional-
ity and pathogenesis of the SARS-CoV-2.

Tt was reported that 27 of the first 41 infected patients had
been exposed to the Huanan Seafood Market [18]. Thus, it
was believed that the new coronavirus originated from the
Huanan Seafood Market in Wuhan and spread from animal
hosts to humans in the process of wildlife trade, transportation,
slaughter, and trade. Bats have the most variety of
coronaviruses in their bodies and are the hosts of many kinds
of coronaviruses, such as the SARS-CoV and the MERS-CoV
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7193, The SARS-CoV and the MERS-CoV are considered
highly pathogenic, and it is very likely that the SARS-CoV
was transmitted from bats to palm civets and the MERS-CoV
was transmitted from bats to dromedary camels and finally to
humans [20, 21]. Given the high sequence similarity between
the SARS-CoV-2 and the SARS-like bat CoVs from
Hipposideros bats in China, the natural host of the SARS-
CoV-2 may be the Hipposideros bat. The discovery that pan-
golin coronavirus genomes have 85.5% to 92.4% sequence
similarity to SARS-CoV-2 suggests pangolins should be con-
sidered as possible hosts in the emergence of SARS-CoV-2
[22).

Diagnosis

According to the seventh edition of Pneumonia Diagnosis and
Treatment program for novel coronavirus infection reported
by the National Health Commission of the People’s Republic
of China, suspected cases were defined as patients having
fever or respiratory symptorns, a typical ground-glass opacity
chest imaging as well as a history of exposure to wildlife in the
Wauhan seafood market, and a travel history or contact with
people from Wuhan within 2 weeks of diagnosis [12].
Confirmed cases with the SARS-CoV-2 were identified as a
positive result of a high-throughput sequencing or an RT-PCR
assay for respiratory specimens including nasal and pharyn-
geal swab specimens, bronchoatveolar lavage fluid, sputum,
or bronchial aspirates or a positive result of anti-SARS-CoV-2
IgM/1gG or the titer of anti-SARS-CoV-2 IgG antibody in the
recovery period was four times or more higher than in the
acute period {12]. At present, the diagnosis of the COVID-
19 is mainly based on clinical characteristics, epidemiological
history, chest imaging, and laboratory detection.

Clinical characteristics and epidemiological history

The most common symptoms of confirmed patients were fe-
ver, cough, and myalgia or fatigue, whereas sputum produc-
tion, headache, diarrhea, and vomiting were rare [23-26}.
Mild cases only have a low fever and mild fatigue, without
pneumonia. Severe and moderate cases had clinical manifes-
tations of dyspnea, lymphopenia, and hypoalbuminemia,
which mainly occurred in elderly patients [23]. It is worth
noting that patients with severe or critical illness may have a
moderate or fow fever, or even no significant fever {12]. The
elderly and those with chronic diseases, including diabetes,
hypertension, and cardiovascular disease, have poor progno-
ses [12). Most severe patient died of severe pnenmonia, sgvere
respiratory failure, and multiple organ failure {26].
Epidemiological investigations indicate that most patients
were local residents of Wuhan or had direct exposure to the
Huanan Seafood Market, a travel history to Wuhan, or contact

with confirmed cases [7]. In addition, outbreaks within family
clusters have been reported from several provinces in China
{27]. An increasing number of cluster cases including family
cluster cases are ocourting [24, 25].

Chest imaging

The most common patterns seen on chest CT were bilateral,
peripheral, and ground-glass opacity [28, 29]. Less common
CT findings were nodules, cystic changes, bronchiolectasis,
pleural effusion, and lymphadenopathy {28, 29]. Chest CT
images of an early-stage COVID-19 patients showed multiple
small plaques and interstitial changes. The findings of a pro-
gressive stage chest CT images included a bilateral multiple
ground-glass opacity and an infiltrating opacity with consoli-
dation, interstitial thickening or fibrous stripes [29-31]. The
diffuse lesions in bilateral lungs could be seen in the most
seriously affected patients, whose CT showed as “white
lungs” {31].

Laboratory detection
Specific laboratory detection

Isolation of the causal agent and determination of its partial
genome sequence provided the basis for next-generation se-
quencing or real-time reverse transcriptase-polymerase chain
reaction (RT-PCR) methods for the SARS-CoV-2 [14, 17].
After the SARS-CoV-2 was isolated from a lower respiratory
tract specimen, a diagnostic RT-PCR test was developed. RT-
PCR tests were based on the RNA-dependent RNA polymer-
ase (RdRp) gene of the ORFlab sequence, E gene, N gene,
and S gene of the SARS-CoV-2 genome [32-35]. Among
these assays, RT-PCR assays targeting the RdRp assay had
the highest analytical sensitivity [32]. The SARS-CoV-2
nucleic acid can be detected in nasal and pharyngeal swab
specimens, bronchoalveolar lavage fluid, sputwm, bronchial
aspirates, blood, anal swab, and other samples by an RT-
PCR [36, 37]. In a case with severe peptic ulcers after the
onset of symptoms, the SARS-CoV-2 was directly detected
in the esophageal erosion and at the bleeding site [7]- Some
patients infected with the SARS-CoV-2 also displayed gastro-
intestinal symptoms such as diarrhea [23, 38] because some
viruses may enter the digestive tract through the throat, infect-
ing the intestinal epithelial cells and activating the intestinal
immune response. Thus, the SARS-CoV-2 nucleic acid can
also be detected in the stool samples of some patients {7, 36,
37]. High-throughput sequencing or an RT-PCR assay has
become a standard and formative assessment for the diagnosis
of the COVID-19 [12]. However, nucleic acid amplification
kits sometimes produced false-negative results armong patients
whose clinical features, chest imaging, and laboratory detec-
tion accorded with the COVID-19 [30, 39]. There are several
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possible reasons for the false-negative results from the nucleic
acid kit. Firstly, although older age was correlated with higher
viral foad [40], it is not clear whether the viral load in body
fluids has a positive linear correlation with the severity of
symptoms after infection. If the virus in the suspected patients
remains to be rapidly replicated and released in the lungs, the
nasal and pharyngeal swabs sampling may not coflect enough
virus for diagnosis. Secondly, the current common sampling
method is to collect nasal and pharyngeal swabs, sputum, or
the alveolar lavage fluid {36, 40, 41]. Few patients with the
SARS-CoV-2 infection had prominent signs and symptoms of
the respiratory tract, indicating that the target cells may be
located in the lower airway [18]. The viral nucleic acid is most
easily detected in the alveolar lavage fluid, followed by spu-
turn, nasal, and pharyngeal swabs [41-43]. A study of 4880
cases showed that the alveolar lavage fluid exhibited the most
highest positive rate of 100% for SARS-CoV-2 ORF lab gene;
the sputum exhibited a 49.12% positive rate, and the nasal and
pharyngeal swabs samples showed a poor positive rate of
38.25% [41]. Alveolar lavage fluid collection is generally
suitable for patients with a severe or critical iliness, not mild
cases. Sputum specimens are also more difficult to obtain
because few patients with the SARS-CoV-2 infection had spu-
tumn production {7, 18]. Due to the limitations associated with
operations and patient acceptance, the most common sam-
pling method in clinical practice is nasal and pharyngeal swab
collection. However, respiratory samples collected from 80
individuals at different stages of infection showed a median
of 799 x 10* in nasal and pharyngeal swab samples and 7-
52 x 10° in sputum samples {36]. Sputum samples generally
showed higher viral loads than throat swab samples [36, 43].
The low viral load in nasal and pharyngeal swab makes the
diagnosis of the SARS-CoV-2 more difficult. On the other
hand, RT-PCR test results of pharyngeal swab specimens were
variable and potentially unstable [44]. It was reported that
patients with initial non-positive results were eventually con-
firmed with COVID-19 by 3~5 repeated swab PCR tests [44].
The phenomenon of SARS-CoV-2 positive in the stool sam-
ples but negative nucleic acid in throat swab specimens indi-
cated that selecting fecal samples for a nucleic acid test may be
an alternative strategy [45). Considering that the SARS-CoV-
2 nucleic acid can be detected in nasal and pharyngeal swab
specimens, bronchoalveolar lavage fluid, sputum, bronchial
aspirates, blood, and anal swab [36, 37}, it is suggested to
collect samples from multiple site of the same patient af dif-
ferent stages and combine them for detection to improve the
positive rate, Thirdly, the SARS-CoV-2 is an RNA virus with
low stability, which is easily degraded by RNA enzymes re-
leased after exogenous or cellular destruction, affecting the
final detection efficiency. Improper sampling location, insuf-
ficient sampling strength, and irregular sample delivery pro-
cess account for the false-negative results of the nucleic acid
kit test [39]. Besides, in order to improve the sensitivity of
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detection, most manufacturers choose two Of more regions
of viral nucleic acid sequence for detection, including the
ORF1lab sequence, E gene, N gene, and S gene of the
SARS-CoV-2 genome [32--35]. In actual tests, there is a cer-
tain proportion of positive results of a single target gene locus
indicating that the sensitivity of the reagent to different gene
regions is indeed different [41], which may also be caused by
the competition between the loci of two or three target gencs.
Furthermore, reagent reaction conditions, reaction system,
and nucleic acid addition amount may affect the sensitivity
of detection and analysis [46]. It is an effective measure for
the clinical laboratory to carry out quality control for each
batch of reagents by using the confirmed negative and positive
samples before routine work.

Based on the above reasons, detection of the viral RNA
using RT-PCR can only achieve a sensitivity of 30~60%
[41, 47, 48], depending on the course and condition of the
patient, the type and number of clinical specimens cotlected,
and the protocol used. The older had higher positive rate than
the young [41] which may be explained by the finding that the
older was correlated with higher viral load [40]. Supplement
serum IgM/IgG antibody detection against the SARS-CoV-2
internal nucleoprotein (NP) and surface spike protein
receptor-binding domain (RBD) can make up for the short-
comings of RT-PCR in some cases [40, 49]. The antibody is
the product of a humoral immune response after infection with
the virus. Generally, IgM antibodies rise within a few days
after a viral infection and can be detected as soon as a week
of incubation, and IgG antibodies appear in the middle and
late stages of the infection. There is a process of a continuous
increase in the antibody titer, and it remains in the blood cir-
culation for a long time. At the moment, the most widely used
methods for serodiagnosis of the SARS-CoV-2 infection in
clinical microbiology laboratories are antibody detection in
acute- and convalescent-phase sera by colloidal gold
immunochromatography and enzyme-linked immunosorbent
assay (ELISA) [40]. In short, a test for [gM/1gG antibodies can
also determine whether a patient has been infected with the
SARS-CoV-2 recently or previously and act as a supplemen-
tary detection to identify patients with high clinical suspicion
of the SARS-CoV-2 infection but negative RT-PCR findings
[40, 49]. The new serological diagnostic kits for IgM and IgG
antibodies for SARS-CoV-2 have the advantages of high sen-
sitivity and early diagnosis. In addition, the operational re-
quirements of antibody detection in clinical microbiology tab-
oratories are relatively low, fast, capable of large quantities,
and can be completed in basic laboratories compared with the
nucleic acid test. Anti-SARS-CoV-2 1gM antibody was posi-
tive at 3~S days after onset, and the fiter of anti-SARS-CoV-2
IgG antibody in the recovery period was four times or more
higher than in the acute period [12]. Although the supplemen-
tary antibody test can make up for the missed diagnosts of RT-
PCR, it still cannot diagnose all infected patients. The
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detection of 1gM and 1gG antibodies can only achieve a sen-
sitivity of 70% at 4~6 days after admission for COVID-19
patients (unpublished data from our group). The detection of
1gM and IgG antibodies may be futile for the elderly, because
of hypoimmunity and a weak antibody production capacity.

Nonspecific laboratory detection

The laboratory examination of patients at an early stage
showed leucopenia, lymphopenia, high level of aspartate ami-
notransferase, C-reactive protein (CRP), and erythrocyte sed-
imentation rate [18]. Most patients had normal serum levels of
procalcitonin. Compared with moderate cases, severe cases
more frequently had lymphopenia, with higher levels of ala-
nine aminotransferase, lactate dehydrogenase, C-reactive pro-
tein, ferritin, and D-dimer as well as markedly higher levels of
IL-2R, IL-6, TL-10, and TNF-ox [23]. Typical abnormal labo-
ratory findings in pediatric patients were elevated creatine
kinase MB, decreased fymphocytes, leucopenia, and elevated
procalcitonin [24]. Recent studies have also shown another
potential diagnostic biomarker for the SARS-CoV-2 diagno-
sis. Renin cleaves liver-derived angiotensinogen (AGT) into
angiotensin I, which is then further processed by the
angiotensin-converting enzyme (ACE) into the octapeptide
angiotensin 11, The abnormal increase of angiotensin IT has
been reported to be associated with hypertension, heart failure,
and lung and kidney dysfunction as well as several pathophys-
iological features, including inflammation, metabolic dys-
function, and aging [50, 51]. Xu et al. performed structural
modeling of the S-protein of the SARS-CoV-2 to evaluate its
ability to interact with human angiotensin-converting enzyme
2 (ACE2) molecules. Because of the loss of hydrogen bond
interactions due o replacing Argd26 with Asnd26 in the
SARS-CoV-2 S-protein, the binding free energy for the
SARS-CoV-2 S-protein increased by 28 kcal mol™' when
compared with the SARS-CoV S-protein binding. The results
revealed that the SARS-CoV-2 S-protein has a strong binding
affinity to human ACE2 [11]. A study discovered the mark-
edly increased level of angiotensin 11 in the plasma samples
from SARS-CoV-2-infected patients was linearly correlated
with viral load and lung injury [52]. It is suggested that the
imbalance of the renin-angiotensin-aldosterone system is
caused by the SARS-CoV-2, and angiotensin receptor blocker
(ARB) drugs may be used as a potential repurposing treatment
of the SARS-CoV-2 infection. Similar studies have demon-
strated that the SARS-CoV could bind to its receptor ACE2,
downregulating its expressions, resulting in increased angio-
tensin 11 levels in mouse blood samples, signaling through
angiotensin 1l receptor 1, leading to an acute lung injury
[53). Besides, markedly, elevation of angiotensin II level in
the HTNO-infected patients was associated with the disease
severity and outcomes [54].

Discussion

Chest CT imaging showed that 76.4% of infected patients
manifested as pneumonia on admission, which was mainly
ground-glass opacity (50%) and bilateral patchy shadowing
(46.4%). The majority of severe patients could be diagnosed
by chest X-ray and chest CT imaging. Despite these predom-
inant manifestations, it was reported that 221 out of the 926
(23.87%) in severe cases compared with 9 out of the 173 non-
severe cases (5.20%) who had no abnormal radiological find-
ings were diagnosed by symptoms plus RT-PCR positive find-
ings, suggesting that not all patients had abnormal chest ra-
diological findings of pneumonia. Chest CT images of the
early-stage COVID-19 patients showed unilateral or bilateral
ground-glass opacity, which was similar to some non-
COVID-19 images of patients with the respiratory syncytial
viral (RSV), mycoplasma, and parainfluenza virus, suggesting
that chest CT scans cannot the identify COVID-19 patients
and the non-COVID-19 patients in some cases. Co-infection
with other viruses such as influenza A/B, rhino/enterovirus,
respiratory syncytial virus, other atypical pathogens, fungi,
and bacteria has been reported in the COVID-19 patients
[49, 55]. Mixed infection among COVID-19 patients makes
the diagnosis of chest CT images more difficult, Besides, pos-
itive respiratory pathogen results cannot serve as evidence for
the exclusion of SARS-COV-2 infection. Methods of
pathogen-specific detection are mainly divided into four
types, including virus culture, nucleic acid detection, antigen
detection, and antibody detection. In terms of virus culture, the
cultivation of the SARS-CoV-2 requires biosafety level 3 lab-
oratory facilities, which are not available in most clinical mi-
crobiology laboratories. Thus, the cultivation of the SARS-
CoV-2 is mainly used for scientific research. Commercial an-
tigen detection Kits require the preparation of monoclonal an-
tibodies and polyclonal antibodies, whereas it costs a long
time from production to extraction during antibody prepara-
tion, and the preparation process is complicated. Detection of
the viral nucleic acid using an RT-PCR assay has become a
standard and formative assessment for the diagnosis of
COVID-19. However, detection of viral RNA using RT-
PCR can only achieve a sensitivity of 30~60%, depending
on the course and condition of the patient, the type and num-
ber of clinical specimens collected, and the protocol used. In
order to improve the positive rate of detection, it is suggested
to collect multiple site samples of the same patient at different
stages repeatedly and combine them for detection. The phe-
nomenon of SARS-CoV-2 positive in the stool samples but
negative nucleic acid in throat swab specimens should be tak-
en seriously. Patients with early or mild illness may have a low
viral load in nasal and pharyngeal swabs, resulting in false-
negative nucleic acid tests. Thus, selecting fecal samples fora
nucleic acid test may be an alternative strategy, regardless of
the presence or absence of gastrointestinal symptoms such as
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diarrhea. In addition, a fecal-oral transmission might exist in
the transmission of 2019-nCoV; thus, the transmission via
gastrointestinal secretions should be fully considered to con-
trol the rapid spread worldwide. Whole genome sequencing
(WGS) method can overcome the mutation problems which
cause false-negative results in RT-PCR [55, 56), whereas it is
not applicable to clinical practice considering the economic
status of patients. For individuals with high clinical suspicion
of the SARS-CoV-2 infection but negative RT-PCR findings,
the detection of IgM/IgG antibodies should be considered. We
recommend IgM antibody testing 1 week after infection and
IgG antibody testing 4 weeks after infection. Although the
supplementary antibody test can make up for the missed di-
agnosis of RT-PCR, it cannot diagnose all the infected pa-
tients. Collectively, for chest CT scans, RT-PCR assays, and
the detection of 1gM/IgG antibodies, multiple and repetitive
tests should be considered during different stages of the
COVID-19. Further research of SARS-CoV-2 and the devel-
opment of more sensitive detection methods will facilitate the
diagnosis of COVID-19. In addition, the development of
broad-spectrum antiviral drugs and vaccines will enhance
the ability to manage future outbreaks caused by this cluster
of viruses.
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Abstract

An ongoing outbreak of pneumonia caused by a novel coronavirus, currently designated as the
severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2), was reported recently. However,
as SARS-CaV-2 is an emerging virus, we know little about it. In this review, we summarize the key
events occurred during the early stage of SARS-CoV-2 outbreak, the basic characteristics of the
pathogen, the signs and symptoms of the infected patients as well as the possible transmission
pathways of the virus. Furthermore, we also review the current knowledge on the origin and
evolution of the SARS-CoV-2. We highlight bats as the potential natural reservoir and pangolins as
the possible intermediate host of the virus, but their roles are waiting for further investigation,
Finally, the advances in the development of chemotherapeutic options are also briefly sumearized.

Key words: Coronavirus, Novel coronavirus, pneumonia,

Introduction

On 23 Feb 2020, the lock-down of Wuhan, a
central city in China, has alarmed people all over the
world of an emerging novel coronavirus that is posing
a major public health and governance challenges. The
novel virus, previously called the 2019-novel
coronavirus (2019-nCoV), is currently designated as
the severe acute respiratory syndrome coronavirus-2
(SARS-CoV-2). As of 27 Feb, this emerging infection
has been reported in 47 countries, causing over 82,294
infections with 2,804 deaths (Fig. 1) [1]. This novel
virus is also becoming a mounting threat to Chinese
and global economies.

Coronaviruses (CoVs) are members of the family
Coronaviridae, the enveloped viruses that possess
extraordinarily large single-stranded RNA genomes
yanging from 26 to 32 kilobases in length [2]. CoVs
have been identified in both avian hosts and various
mammals, including bat, camels, dogs and masked
palm civets, and are previously regarded as
pathogens that only cause mild diseases in the
immunocompetent people until the emergence of the

SARS-CoV-2, COVID-19

coronavirus causing severe acute respiratory
syndrome (SARS-CoV) in late of 2002 [3-6]. Currently,
at least seven coronavirus species are known to cause
diseases in humans. The viruses of 229E, OC43, NL63
and HKU1l only cause common cold symptoms,
which are mild. Severe illness can be caused by the
remaining three viruses, namely SARS-CoV, which
resulted in the outbreak of SARS in 2002 and 2003
[3,4]; the coronaviruses that are responsible the
Middle East respiratory syndrome (MERS-CoV),
which emerged in 2012 and remains in the circulation
in camels [7); and SARS-CoV-2, the viruses emerged
in December 2019 in Wuhan of China and a great
effort is being undertaken to contain its spreading {8]-
In this review, we will briefly introduce the outbreak
history of SARS-CoV-2, the signs and symptoms of
the infected patients, its transmission dynamics, the
advances in the understanding on its evolutional
origin and the chemotherapeutic options being
developed for the treatment of its infection.
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Figure |. Key events in the early stage of SARS-CoV-2 outbreak.

The key events of SARS-CoV-2 outbreak and
the pathogen characteristics

Since December 2019, an increasing number of
patients with prneumonia of unknown etiology in
Wuhan, a city with 11 million people, have alarmed
the local hospital. On 29 December 4 cases were
linked to Huanan Geafood wholesale market 91
where non-aquatic live animals, including several
kinds of wild animals, were also on the sales. The
local Center for Disease Control (CDC) then found
additional patients linked to the same market after
investigation, and reported to China CDC on 30 Dec
2019 {9]. The second day, World Health Organization
(WHO) was informed of the cases of pneumonia of
unknown etiology by China CDC [10]. On 6 Jan 2020,
a level 2 emergency response was launched by China
CDC [11].

The causal agent was not identified until 7 jan
2020; a new type of coronavirus was isolated by
Chinese authority [10]. The genome sequence of
SARS-CoV-2 (WH-Human_1) was first released and
shared by China on 10 Jan [12]. The isolation and
identification of SARS-CoV-2 apparently facilitated
the development of molecular diagnostic methods
and the confirmation of the infected patients. Asof 21
Jan, there are 270 cases were confirmed from Wuhan
[13). On 23 Jan, Wuhan city was locked down by local
governument. On 30 Jan, WHO declared a “public
health emergency of international concern” (Fig. 1).

Subsequently, the viruses were successfully
isolated from several laboratories [8,14,15]. The virion
of SARS-CoV-2 looks like a solar corona by
transmission electron microscopy imaging: the virus
particle is in a spherical shape with some
pleomorphism; the diameter of the virus particles
range from 60 to 140 nm with distinctive spikes about
8 to 12 nm in length [8]. The observed morphology of
SARS-CoV-2 is consistent —with the typical
characteristics of the Coronaviridae family. The
genome Ssequence of SARS-CoV-2 from clinical
samples has been obtained by several laboratories

with deep sequencing [8,14-18]. The viral genome of
GARS-CoV-2 is around 798 kilobase, with a G+C
content of 38%, in total consisting of six major open
reading frames (ORFs) common to coronaviruses and
a number of other accessory genes {14,16]. The
sequences analysis showed that the genome
sequences of viruses from different patients are very
conserved [14,15,19], implying that the human virus
evolves recently.

Signs and symptoms of patients infected by
SARS-CoV-2

A typical characteristic of the SARS-CoV-2
infected patient is pneumonia, now termed as
Coronavirus Disease 2019 (COVID-19), demonstrated
by computer tomographic (CT} scan or chest X -ray
{3,8,18]. In the early stages, the patients showed the
acute respiratory infection symptoms, with some that
quickly developed acute respiratory failure and other
serious complications [20}. The first three patients
reported by the China Novel Coronavirus
Investigating and Research Team all developed severe
pneumonia and two of these three patients with
available clinical profiles showed a common feature of
fever and cough [8]. A subsequent investigation of a
family of six patients in the University of Hong
Kong-Shenzhen Hospital demonstrated that all of
them had pulmonary infiltrates, with a variety of
other symptoms [18). The chest X-ray and CT imaging
in a study showed that 75% of 99 patients
demonstrated bilateral pneurnonia and the remaining
25% unilateral pneumonia [21]. Overall, 14% of the
patients showed multiple mottling and ground-glass
opacity [21]. The first cases of coronavirus infection in
the United States also showed basilar streaky
opacities in both lungs by chest radiography.
However, the pneumonia for this patient was only
detected on the day 10 of his illness [22]. [t is also of
note that one of patients among the family of six
patients did not present any other symptoms and
signs, but had ground-glass lung opacities identified
by CT scan [18].
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Table 1. Common signs and symptoms of SARS-CoV-2 infected patients from four reports

Signs or Symptoms

Number of patients with signs ot symptoms from each report

Number of patients with  Total mumber of Percentage

Report1[21]  Report2 [23] Repert3[2d]  Reportd [25]  signs of symptoms patients
Fever 82 (n=99) 40 (n=41) 136 {n=138) 5