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I. Abstract 

Severe Acute Respiratory Syndrome-Coronavirus-2 (SARS-CoV-2) belongs to the Coronaviridae family, 

genus Betacoronavirus. Infection by SARS-CoV-2 can cause Coronavirus Disease (COVID-19). This is an 

infectious disease that can have a wide range of symptoms. Most people infected show mild to moderate 

respiratory illness and recover without special treatment. However, some patients can develop a serious illness 

and require medical attention. The virus can spread mainly from an infected person's mouth or nose in small 

liquid particles when they cough, sneeze, speak or breathe. These particles range from larger respiratory 

droplets to smaller aerosols and can stay suspended in the air in an indoor space for minutes or even hours. It 

has also been widely demonstrated that the virus can be found in the environment such as in waste-waters. It 

remains unclear and controversial if the faecal transmission has a crucial role in the human-to-human 

transmission of the virus.  

The experiments reported in this PhD thesis were conducted with the Virology Research Group and The 

Clinical Virology Research Group at the University of Oslo/Oslo University Hospital, Norway. They had two 

aims: first, to investigate the possibility of reviving SARS-CoV-2 virions from faeces of COVID-19-positive 

patients; and second, to study a new solution called Drug X as a new treatment for defeating SARS-CoV-2. 

Our preliminary results showed that for the 13,5% of faeces samples, it was possible to revive SARS-CoV-2 

viable virions using the Vero-E6 cell line. This ideally indicated the possibility for positive patients to transmit 

the virus to naïve people. At the same time, it was possible to establish the highest concentration of Drug X 

can be used, so the highest concentration where the cells survive. It was compared with other acid solutions 

concluding that although our results showed that Drug X does not affect SARS-CoV-2 infection, this research 

lays the foundations to explore other similar solutions as a valuable treatment for COVID-19. 

A detailed exploration of the cellular and molecular functions of SARS-CoV-2 infection is still necessary to 

better understand virus-host cell interactions to provide novel ways to treat COVID-19 and limit virus 

circulation.  
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II. Abbreviations 

Abbr. Explanation  Abbr. Explanation 

ACE2 Angiotensin-Converting 

Enzyme 2 

 M protein Membrane protein 

Ag-RDTs Antigen-detection Rapid 

Diagnostic Tests 

 MERS-

CoV 

Middle East Respiratory Syndrome 

Coronavirus 

CDC Centers for Disease Control 

and Prevention 

 ms milliseconds 

COVID-19 Coronavirus Disease 2019  N protein Nucleocapsid protein 

CPE Cytopathic Effect  NAATs Nucleic Acid Amplification Tests 

DMEM Dulbecco´s Modified Eagle´s 

Medium 

 ng nanogram 

DMSO Dimethyl sulfoxide  NGS Next‐Generation Sequencing 

E protein Envelope protein  PBS Phosphate Buffered Saline 

ECDC European Centre for Disease 

Prevention and Control 

 PhA Phosphoric Acid 

ELISA Enzyme-Linked Immuno 

Sorbent Assay 

 RBD Receptor binding domain 

ER Endoplasmic Reticulum  RdRp RNA-dependent RNA polymerase 

FCS Fetal calve serum  RT-qPCR Reverse Transcriptase quantitative 

Polymerase Chain Reaction 

FDA Food and Drug Administration  S protein Spike protein 

FIA Antigen Fluorescence 

Immunoassay 

 SARI Severe Acute Respiratory Infection 

g Unit for relative centrifugal 

force 

 SARS-

CoV-2 

Severe Acute Respiratory Syndrome 

Coronavirus 2 

HA Haemagglutination Assays  ssRNA single stranded RNA 

HCl Hydrochloric acid  SuA Sulphuric Acid 

HCoV human coronaviruses  TMPRSS2 Transmembrane Protease Serine 2 

hpi hours post infection  TPN Total Parenteral Nutrition 

hpt hours post treatment  VBM Variants Being Monitored 

IC50 Half maximal inhibitory 

concentration 

 VOC Variant Of Concern 

IIF Indirect Immuno Fluorescence  WHO World´s Health Organization 

ILI Influenza Like Illness  μg microgram 

ISS National Institute of Health 

(Italy) 

 μl microliter 

LAMP Loop-Mediated Isothermal 

Amplification 

 μM micromolar 
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1) Introduction 

 

1.1 SARS-CoV-2 

 

1.1.1 Morphology, molecular characteristics, and replication  

Severe Acute Respiratory Syndrome-Coronavirus-2 (SARS-CoV-2) belongs to the Coronaviridae 

family, genus Betacoronavirus 1. The virion is spherical, approximately 80 to 160mm in diameter. 

Based on the genetic and antigenic characteristics, coronaviruses can be divided into four genera: α, 

β, γ, and δ. Among them, coronaviruses α and β infect mammals only, while γ and δ mainly infect 

birds, although some may also infect mammals 2. Except for SARS-CoV and Middle East respiratory 

syndrome coronavirus (MERS-CoV), most coronaviruses do not cause severe disease in humans. The 

genome is a positive-sense single-strand RNA of 26 to 32Kb, representing the longest known genome 

among RNA viruses, with a single linear RNA segment expressing four structural proteins known as 

protein S (spike), E (envelope), M (membrane), and N (nucleocapsid). The N protein contains the viral 

genome, while the S, E, and M proteins create the viral capsid.  

Thanks to the S protein, the virus binds to the target cell receptor called Angiotensin Converting 

Enzyme 2 (ACE2) on the surface of the epithelial cells of the respiratory tract. The virus fusion with 

the host cell membrane starts with the cleavage of protein S into the S1 and S2 subunits by host 

proteases. The virus can release its internal components and replicate in the cytoplasm of the cell and 

release newly formed virions in the airways 3. Please see a more detailed description in Figure 1. 
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Figure 1. Schematic representation of the SARS-CoV-2 biogenesis. SARS-CoV-2 enters host cells by interacting with 

the angiotensin-converting enzyme 2 (ACE2) receptor by the surface spike (S) protein. Upon entry of the virus into the 

host cell, viral genomic RNA is released into the cytoplasm, where it is translated into viral polymerase proteins. Here, 

sub-genomic (–) RNAs are synthesized and used as templates for sub-genomic (+) messenger RNAs (mRNAs). The 

nucleocapsid (N) structural protein and viral RNA are replicated, transcribed, and synthesized in the cytoplasm. In 

contrast, other viral structural proteins, including the S protein, membrane (M) protein, and envelope (E) protein, are 

transcribed and then translated into the endoplasmic reticulum (ER). The structural proteins traverse the ER-Golgi 

intermediate compartment for virion assembly, followed by the release of the nascent virion from the host cell via 

exocytosis 3. 

 

1.1.2 Clinical features 

Infection by SARS-CoV-2 can cause Coronavirus Disease (COVID-19). This is an infectious disease 

that can have a wide range of symptoms. Most people infected show mild to moderate respiratory 

illness and recover without special treatment. However, some patients can develop a serious illness 

and require medical attention4. Older people and those with underlying medical conditions like 
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cardiovascular disease, diabetes, chronic respiratory disease, or cancer are more likely to develop 

severe illness 4. Still, anyone at any age can have severe symptoms and complications 5. 

Symptoms that may appear 2-14 days after exposure to the virus include 6,7: 

⎯ Fever or chills 

⎯ Cough 

⎯ Shortness of breath or difficult breathing 

⎯ Fatigue 

⎯ Muscle or body aches 

⎯ Headache 

⎯ New loss of taste or smell 

⎯ Sore throat 

⎯ Congestion or runny nose 

⎯ Nausea or vomiting 

⎯ Diarrhea 

 

1.1.2.1 ILI and SARI definitions 

European Centre for Disease Prevention and Control (ECDC) defines the Influenza-Like Illness or ILI 

case as a person with sudden onset of symptoms of an acute respiratory infection with: 

• at least one respiratory sign or symptom (cough, sore throat, shortness of breath)  

• and at least one systemic sign or symptom (fever or feverishness, headache, myalgia, 

generalized malaise) 

with onset within the last 10 days 8. 

Similarly, a Severe Acute Respiratory Infection or SARI case is every person with sudden onset of 

symptoms of a severe acute respiratory infection with:  

• at least one respiratory sign or symptom (cough, sore throat, shortness of breath)  

• and at least one systemic sign or symptom (fever or feverishness, headache, myalgia, 

generalized malaise) 

with onset within the last 10 days. 

• and requires hospitalization 9. 
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1.1.3 Epidemiology, the pandemic emergency, and transmission  

 

SARS-CoV-2 was first identified in late 2019 in Wuhan, China, and quickly spread worldwide, 

representing the most significant public health problem second only to the "Spanish" influenza 

pandemic in the early 20th century 10. The virus can spread mainly from an infected person's mouth or 

nose in small liquid particles when they cough, sneeze, speak or breathe. These particles range from 

larger respiratory droplets to smaller aerosols and can stay suspended in the air in an indoor space for 

minutes or even hours. It is also known that human coronaviruses such as SARS, MERS or endemic 

human coronaviruses (HCoV) can persist on inanimate surfaces like metal, glass or plastic for up to 9 

days, but can be efficiently inactivated by surface disinfection procedures with 62–71% ethanol, 0.5% 

hydrogen peroxide or 0.1% sodium hypochlorite, within one minute 11. 

 

Infectious exposure to respiratory fluids carrying SARS-CoV-2 occurs in three principal ways 12,13. 

First, by inhalation of very small fine droplets and aerosol particles that contain the infectious virus. 

The risk of transmission is greatest within one to two meters from the infectious source where the 

concentration of droplets and particles is greatest. Second, by the deposition of droplets and particles 

onto exposed mucous membranes. Third, by touching mucous membranes with hands soiled by 

exhaled respiratory fluids containing the virus or from touching inanimate surfaces contaminated with 

the virus 12,13. 

 

It has also been widely demonstrated that the virus can be found in the environment such as in waste-

waters but it remains unclear and controversial if the faecal transmission has a crucial role in the 

human-to-human transmission of the virus (see section 1.4.1). 

 

During the pandemic, governments worldwide needed to estimate the virus transmission and take 

prompt containment and public health measures such as social distancing, wearing face masks and 

using hand sanitisers. For this reason, it was essential to consider the basic reproduction number (R0) 

value. The WHO defines it as "the average number of people that one person with SARS-CoV-2 is 
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likely to infect in a population without any immunity (from the previous infection) or any 

interventions", equally saying a naïve population 14. R0 is usually estimated retrospectively, and it 

varies across populations and time. It depends on the duration of infectivity after the patient gets 

infected; the likelihood of infection transmission per contact between a susceptible person and an 

infectious individual; as well as the contact rate. A separate but related parameter is the effective or 

time-varying reproduction number (Re or Rt), which estimates the average transmission in a 

population with mitigation measures and immunity 15, assessed that the R0 of SARS-CoV-2 is like, or 

higher than, the R0 of SARS-CoV and the pandemic influenza of 2009 (Table 1) 15,16. In Italy, during 

the first months of the pandemic in 2020, the R0 of SARS-CoV-2 ranged between two and three, but, 

as of 8th June 2022, R0 was less than one, clearly indicating a decline of the virus circulation 17,18.  

 

Table 1. Characteristics of SARS-CoV-2, SARS-CoV, and pandemic influenza (2009) 15.

 

 

Since the beginning of the COVID-19 pandemic in 2020, over 526 million confirmed cases and over 

six million deaths related to the SARS-CoV-2 infection have been reported worldwide (Figure 2). 

These trends should be cautioned as several countries have been progressively changing COVID-19 
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testing strategies, resulting in lower overall numbers of tests performed and, consequently, lower cases 

detected. In Italy, the National Institute of Health (ISS) reports the data collected by the integrated 

surveillance system for COVID-19 weekly. The number of diagnosed COVID-19 cases as of 21st 

November 2022 was 23,823,192, of which 179,985 deaths 17,19. 

 

From the beginning of the pandemic, many thousands of variants have circulated, but when this PhD 

thesis was written, there were four main variants being monitored (VBM) 20:  

• Alpha: UK, Sep 2020. 

• Beta: South Africa, May 2020. 

• Gamma: Brazil, Nov 2020. 

• Delta: India, Oct 2020. 

And one worldwide prevalent variant of concern (VOC) 20: 

• Omicron: South Africa, 2021 B.1.1.529, BA.1, BA.1.1, BA.2, BA.3, BA.4 and BA.5 lineages. 

 

 

Figure 2. COVID-19 cases per 100 000 population reported by WHO countries, territories, and areas as of 21st November 

2022 21. 

 

1.2  Laboratory diagnostics in the COVID-19 pandemic era 

 

A quick and accurate laboratory diagnostic technology to early detect a pathogen and take appropriate 

and effective public health decisions is crucial for controlling epidemics. In past times, the techniques 
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were limited to cell cultures and a restricted panel of serological reactions. The advent of highly 

sensitive molecular technologies (PCR and derivatives) and reagents obtained by biotechnology (e.g., 

probes and monoclonal antibodies –mAbs–) allowed to perform analyses much faster, more reliably, 

with maximum safety and changed the role of laboratory diagnostics in the clinical management of 

patients. In general, the modern virus diagnostic laboratory is characterized by high test throughputs, 

rapid turnaround times, and a close liaison with clinical staff. Many of the older and slower diagnostic 

approaches, such as animal virus inoculation, virus isolation in cell culture, and serological antibody 

titration, are now less important 22. 

Viral diagnosis in the laboratory can be performed in two ways (Figure 3): 

− Directly: identification of the virus (or components) in the organic material (Microscopy; Electron 

Microscopy; Cell Cultures –CPE detection–; PCR, etc.); or 

− Indirectly: determination of the presence of specific antibodies versus a specific etiological agent 

(Enzyme-Linked Immuno Sorbent Assay –ELISA–; Indirect Immuno Fluorescence –IIF–; 

Neutralization assays; Haemagglutination Assays –HA–; Western blot; etc.) 

 

 

Figure 3. Types of samples commonly used in the laboratory diagnostic routines (blue) and the techniques widely 

performed(green). Serum samples analyzed with the serology techniques are the only ones representing the indirect way of 

laboratory diagnosis. 

 

Direct diagnosis Indirect diagnosis 
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In 2020, with the rise of the worldwide SARS-CoV-2 pandemic and its health emergency, the 

molecular analysis demand increased, raising several critical issues such as the requirement of special 

equipment, laboratory reagents and skilled staff. Therefore, the laboratory routine had to adapt quickly 

and find a wide variety of laboratory methods for a rapid and accurate diagnosis of COVID-19. Based 

on clinical criteria, COVID-19 cannot be reliably distinguished from infections by other respiratory 

viruses and bacteria such as influenza, seasonal CoV, adenovirus, Bordetella pertussis, Mycoplasma 

pneumoniae etc. In this context, laboratory-based diagnosis assumes a role in the clinical management 

of patients and the implementation of disease control measures and looking for alternative diagnostic 

solutions to implement a molecular screening strategy has become a priority for the healthcare 

systems23.  

When a patient is a suspected SARS-CoV-2 case, two tests commonly performed to prove the patient 

is infected are:1) the molecular Nucleic Acid Amplification Tests, or NAATs (such as the Reverse 

Transcriptase‐Polymerase Chain Reaction –RT‐PCR–; and the isothermal amplification tests like the 

Loop-mediated isothermal amplification –LAMP–); 2) or the antigen-detection rapid diagnostic tests 

(Ag-RDTs) (Figure 4). Both these assays can detect the virus, but additional testing is required to 

differentiate the variants and subvariants.  

The SARS-CoV-2 Ag-RDTs are a quick and cheap solution also suggested by the WHO because they 

are self-tests, and the result can be easily interpreted 24. In the last years, several easy-to-perform rapid 

antigen detection tests were developed and used in some countries as first-line laboratory strategies 

for COVID-19 diagnostic 25,26. For example, our research group demonstrated that the COVID-19 

antigen fluorescence immunoassay (FIA) FREND™ test showed high sensitivity (93.3 %, 95 % CI: 

83.8-98.2) and specificity (100% (95% CI: 92.9-100) in nasopharyngeal swabs compared to RT-PCR 

results 27,28.  
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Figure 4. Example of how to perform an antigen-detection rapid diagnostic test (Ag-RDT). 1) The sterile swab is inserted 

into the nostril and/or mouth by rotating the swab towards the throat until it meets resistance and is removed from the nostril. 

NB Samples must be taken from both nostrils using the same swab. 2) The swab is inserted into the tube containing the 

extraction buffer and simultaneously the tube is squeezed and rotated for more than 10 times. 3) The swab is removed by 

squeezing the sides of the tube to extract the liquid. 4) A cap is pressed firmly onto the tube. 5) The test strip is placed on a 

flat surface and four sample drops are applied at a 90º angle. 6) The test result can be read within 15-30 min based on 

manufacturer instructions. 7) A coloured line appears in the upper section of the strip indicating that the test is working 

correctly. This is the control line (C). Even if the control line is fuzzy, the test should be considered to have been performed 

correctly. If no control line is visible, the test is invalid. In case of a positive result, a coloured line appears in the lower 

section of the strip. This is the test line (T). 

 

However, Ag‐RDTs are less accurate than NAATs in asymptomatic individuals as they work best for 

patients with a high viral load during the early phases of illness. Thus, if a molecular test is needed, 

the first step is to collect a naso/oro-pharyngeal sample. RT-PCR is the gold‐standard test for 
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laboratory diagnosis of SARS‐CoV‐2, and the RT‐PCR kits usually target the E, RdRp and N genes. 

Once the case is confirmed, the next‐generation sequencing (NGS) technique can be used to define the 

variant and subvariant(S) of the virus (or to discover a new one). Sequencing is now the most 

frequently used approach for identifying, classifying, and tracking SARS‐CoV‐2 variations but this is 

expensive, time‐consuming and needs specialist mechanisms and interpretation.  

Before introducing vaccination on a vast scale, in the laboratory diagnosis of SARS-CoV-2, 

immunological assays were also used and the human antibody response to viral infection could be 

considered an independent prognostic indicator. Indeed, when a virus enters the body and releases 

viral antigens into circulation, the human immune system produces IgA, IgM and IgG antibodies that 

are more effective and long‐lasting than the antigenic proteins. Serum and other body fluids can be 

tested for antibodies using serological tests. 

 

1.3 New molecules as a strategy against SARS-CoV-2 

 

Since the SARS-CoV-2 pandemic in 2020, many new molecules and drugs have been developed and 

studied to treat the infection. Unfortunately, misinformation was spread. Thus, WHO dedicated a 

section of the official website to common misinformation about general beliefs on SARS-COV-2 and 

COVID-19 29.   The most famous example is when, in March 2020, ex-US President Donald Trump 

promoted the use of chloroquine and hydroxychloroquine, two related anti-malarial drugs, for treating 

COVID-19. The Food and Drug Administration (FDA) later clarified that they have not approved these 

drugs to treat COVID-19 but their administration caused severe side effects, illness, and death in many 

people who used them.  

Another example is given by the suggestion that Ivermectin, a medication used to treat parasitic 

infections, was a possible COVID-19 treatment. Importantly, the concentration of the drug that was 

required to achieve the antiviral effects was several times higher than what can be achieved in the 

bloodstream of patients. The promotion of Ivermectin as a COVID-19 treatment has led to increases 

in Ivermectin-related poisoning reports in the United States, as well as national shortages of the drug 

https://en.wikipedia.org/wiki/Ivermectin
https://en.wikipedia.org/wiki/Parasitic_disease
https://en.wikipedia.org/wiki/Parasitic_disease
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in Australia 30,31. The highest quality evidence published so far suggests that Ivermectin is ineffective 

at treating COVID-19 32. Nevertheless, in this scenario, were also developed many useful medical 

devices trying to reduce the viral load in the upper airways and so quicken the patient’s recovery. An 

example is given by the Acid-Oxidizing solution (AOS2020) containing pure and stable HClO in a 

liquid carrier solution (Tehclo Technology™ APR Applied Pharma Research, Switzerland) 33. The 

Hygiene research group at Hospital San Martino, Genoa, tested it in a post-market, interventional, 

randomized clinical trial to evaluate the safety of AOS2020 and whether it could be a potential solution 

for upper respiratory hygiene when the SARS-CoV-2 infection occurs 34. 

 

1.4 The Norwegian experience (10/2021-08/2022) 

 

During my PhD, I spent ten months with the Virology Research Group and The Clinical Virology 

Research Group at the University of Oslo/Oslo University Hospital to gain more experience in basic 

scientific research. It is known that a significant challenge with the SARS-CoV-2 pandemic is the 

occurrence of SARS-CoV-2 variants resistant to vaccines and antiviral treatments. Much effort is put 

into understanding the transmission and pathogenesis of the virus. Still, many questions remain 

elusive, including which mechanisms SARS-CoV-2 utilizes to interact with the host cell to facilitate 

replication and pathogenesis. With these premises, I was involved in three main projects where we 

wanted to provide a new crucial understanding of SARS-CoV-2 and COVID-19 and the virus 

transmission routes in humans. 

 

1.4.1 Reviving SARS-CoV-2 virions from faeces of COVID-19 positive patients: 

studying other transmission routes of the virus 

Experience from the SARS pandemic outbreak in Hong Kong 21 years ago 35, has taught us that the 

faecal transmission route is important for understanding the epidemiology of SARS-like viruses, 

especially if facilities and structures for fragile patients such as the elderly, children, and 

immunocompromised patients are considered. Several studies have shown that the RNA of SARS-

CoV-2 can be found in the faeces of positive patients even up to 47 days from the symptom onset 36. 
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Similarly, SARS-CoV-2 can survive for up to 25 days in water sources 37,38, and, in Italy, wastewater 

has been crucial for investigating the early circulation of the virus in the population 39,40. Although 

SARS-CoV-2 can be found in faeces and urine, there are no consistent data about culturing stool 

samples of COVID-19 patients. All these premises considered it is clear how necessary it is to 

understand 1) the pathogen characteristics associated with virulence; 2) the replication dynamics and 

in-host evolution of the pathogen; 3) the dynamics of the host response; 4) the pharmacology of 

antimicrobial or host-directed therapies; 5) the transmission dynamics; 6) and factors underlying 

individual susceptibility. More specifically, the Virology Research Group (VRG) and the Clinical 

Virology Research Group (ClinVir) (University of Oslo (UiO)/Oslo University Hospital (OUS), had 

the possibility of collecting a significant number of faeces samples from the early stages of the 

pandemic in 2020 until the beginning of 2022 in different hospitals all over Norway, as a part of the 

Norwegian SARS-CoV-2 study, to carry out an observational study 41.  

 

1.4.2 Drug X as a new solution for defeating SARS-CoV-2: drug testing experiments 

From the early stages of the pandemic, the focus worldwide was to find efficient preventive measures 

to avoid the circulation of SARS-CoV-2 and proper treatments for curing the patients. New therapies 

and medical devices were adopted, but the vaccine remains the best solution to try to stop the spreading 

of the virus. However, as some people do not respond to vaccines (or do not want to be vaccinated), 

developing efficient drugs to treat COVID-19 remains important.  With the preclinical "Drug X 

project", we tested a new drug for treating COVID-19 patients. The study was conducted in cell 

cultures to test the toxicity and the efficacy of the drug to inhibit SARS-CoV-2 replication compared 

to vehicle treatment. Components of Drug X are confidential, but it is dissolved in Phosphoric Acid 

(PhA) and that is why this acid is used as a vehicle and comparison in all the experiments. The PhA, 

indeed, is an ingredient commonly used for electrolyte replenishment and total parenteral nutrition 

(TPN) therapy, and for the relief of upset stomach associated with nausea but also in dentistry and 

orthodontics as an etching solution, to clean and roughen the surfaces of teeth where dental appliances 

or fillings are placed 42. 
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2) Aims of study 

 

2.1 Reviving SARS-CoV-2 virions from faeces of COVID-19 positive patients: studying 

other transmission routes of the virus 

Primary objectives 

This study is part of the bigger “Norwegian SARS-CoV-2 study” carried out by the VRG and ClinVir 

(UiO/OUS). This study focuses on: 

− Describing the clinical features of the illness or syndrome caused by SARS-CoV-2; 

− Describing, when possible, the response to treatment, including supportive care and novel 

therapeutics; 

− Observing the pathogen replication, excretion and evolution, within the host, and identifying 

determinants of severity and transmission using high throughput sequencing of pathogen genomes 

obtained from the respiratory tract, blood, urine, stool, CSF and other samples; 

− Characterizing, the host responses to infection and therapy over time, including innate and 

acquired immune responses, circulating levels of immune signalling molecules and gene 

expression profiling in peripheral blood; 

− Understanding transmissibility and the probabilities of different clinical outcomes following 

exposure and infection; 

− Facilitating effective triage and clinical management of patients with relevant infections; 

determining infectivity and appropriate infection control measures of the various pathogens; 

developing clinical guidance documents and offering clinical recommendations to policymakers 

based on evidence obtained; 

− Understanding the broader epidemiology of COVID-19 infection through studying potential 

contacts and asymptomatic individuals in collaboration with the Norwegian Institute of Public 

Health. 
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Secondary objectives 

One of the secondary objectives of the study is to develop a new protocol for reviving SARS-CoV-2 

virions from faeces from COVID-19-positive patients. From our knowledge, this is the first study of 

this sort and may give new information about the study of other SARS-CoV-2 transmission routes.  

 

2.2 Drug X as a new solution for defeating SARS-CoV-2: drug testing experiments 

In this “in vitro” pre-clinical research part of the study we wanted to: 

a) Establish the highest concentration Drug X can be used at, the highest concentration where 

the cells survive and specifically: 

− The chronic exposure to measure toxicity/viability at two-time points incubating 

the cells with Drug X, for 24 and 72 hours (h) post-treatment (hpt)   

− The acute exposure to measure toxicity/viability at two-time points incubating 

with Drug X for 1, 2 and 5 h, washing with PBS after each time point and replacing 

with 2% FCS, P/S, DMEM 

b) Establish if Drug X inhibits the virus directly 

c) Establish a better knowledge about the origin of the antiviral effects of Drug X on VeroE6 

cells. 

 

 

3) Materials and methods 

 

3.1 Norway exchange period, 10/2021 – 08/2022 

 

3.1.1 The biosafety level 3 laboratory 

All the lab work concerning SARS-CoV-2 was performed in a biosafety level three laboratory (BSL-

3) at Rikshospitalet, Oslo Universitetssykehus (OUS). BSL-3, in general, is used to work with 

infectious agents, which may cause serious or potentially lethal diseases because of exposure to a 

specific pathogen. It is designed with a specific airflow pressure (negative) that prevents infectious 
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particles from being transmitted through the air from inside the lab to other areas. Safety routines 

regarding donning and doffing PPE were followed according to international safety instructions 43,44 . 

The lab has a self-closing double-door access system. In the for-entry room, shoe covers, contagion 

coat, hair cover, double hand gloves, conical respirator FFP3 mask with valve and a visor mask were 

put on, in the respective order. VirkonTM disinfectant tablets (LanXess, Germany) were added to water 

according to the manufacturer's instructions and used for disinfecting virus waste and equipment 

before taking them carefully in and out of the biosafety cabinet (BSC) inside the lab. After finishing 

each session in the BSC, the hood was adequately cleaned with 70% EtOH and ultraviolet (UV) light 

was lit up inside the cabinet for 30 minutes to inactivate any remnants of the virus. 

 

3.1.2 Cell culturing 

For all the projects, the VeroE6 (C1008, CRL-1586™) cell line was used. According to ATCC 

(American Type Culture Collection)44, the VERO cell line is derived from the kidney of a normal adult 

African green monkey (Cercopithecus aethiops) isolated in 1962. VeroE6 line is a clone cell line that 

grows adherently. Cells exhibit contact inhibition after forming a monolayer and are therefore valuable 

for growing slow-replicating viruses.  

Figure 7. VeroE6 cells displayed in a low density (confluence) and high density (confluence) from ATCC (American Type 

Culture Collection)45 . 
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The cells were grown in Gibco™ Dulbecco's Modified Eagle Medium (DMEM) 1X + GlutaMAX™ -

I (Thermo Fisher Scientific Inc., US), with 10% Fetal Calf serum (FCS) (Sigma-Aldrich® Solutions, 

Merck KGaA, Germany), and antibiotics (Penicillin/Streptomycin, Thermo Fisher Scientific Inc., US) 

to prevent bacterial contamination at a temperature of 37°C; an atmosphere of 95% air and 5% carbon 

dioxide (CO2). 

 

3.1.2.1 Revival of cells from liquid-N2 

The cells were quickly thawed in a 37°C water bath (cells must still be cold). Then, they were 

transferred to a 15 mL tube. 5mL growth medium (37°C) (GM) was slowly added in droplets, and then 

more growth medium (37°C) was added up to 10mL. After gently mixing cells and growth medium 

by inverting, the cells were pelleted by spinning down the tubes in a centrifuge at 300xg for 5 minutes, 

and the supernatant (SN) was discarded from the pellet. The cell pellet was resuspended in 2mL growth 

medium (37°C) and transferred to a cell T75/T175 culture flasks (Thermo Fisher Scientific Inc., US) 

with an appropriate amount of GM. 

 

3.1.2.2 Subculturing and maintenance 

For subculturing, GM was removed and discarded, and the cells were washed with Gibco™ Phosphate 

Buffered Saline (PBS) (Thermo Fisher Scientific Inc., US) (37°C) twice and then trypsinized with 

0.05% Trypsin-EDTA (1X) (Gibco™, Thermo Fisher Scientific Inc., US). Enough trypsin was added 

to cover the cells and trypsin in excess was removed using a pipette. Then, the flasks were left for 2-5 

minutes at 37°C to help the cells detach, then complete GM was added to inhibit the trypsin activity 

and cells were resuspended by gently pipetting. Lastly, an appropriate amount of the cell suspension 

was transferred to the new culture flask(s) and an appropriate amount of complete GM was added.  

A subcultivation ratio of 1:4 (generally from 1:3 to 1:6) is recommended for Vero E6 cells and medium 

renewal of two or three times per week. 

 

3.1.2.3 Cryopreservation 
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Freezing medium (FM) was made by using 40% Complete GM, 50% FCS and 10% Dimethyl sulfoxide 

(DMSO) (Sigma-Aldrich® Solutions, Merck KGaA, Germany). DMSO is added to avoid cell death 

because of the formation of ice crystals in the cells. Cells should be actively growing to almost full 

confluence. The cryopreservation/freezing process was performed quickly to avoid the toxic DMSO 

destroying the cells while not frozen. After trypsinizing the cells as usual, they were spun down at 

300xg for 10 minutes at 4°C. The cells were resuspended in FM and 1mL of cryopreservation 

medium/cells was added to the cryovials tubes (Thermo Fisher Scientific Inc., US). They were put in 

a Mr Frosty™ freezing Container (Thermo Fisher Scientific Inc., US) containing 100% isopropanol to 

the optimal cooling rate of -1°C/minute, at -80°C for one day. The next day, vials were transferred to 

the liquid nitrogen tank. 

 

3.1.2.4 Viability testing and cell counting  

Viability tests and cell concentration measurements were performed using the automated cell counter 

Countess 3 (Invitrogen, Thermo Fisher Scientific Inc., US) and Trypan Blue (Thermo Fisher Scientific 

Inc., US). 10μl of Trypan Blue was added to 10μl cell suspension just before the cell count. Due to its 

negative charge, Trypan Blue only interferes with cells with a destroyed membrane. Therefore, dark 

cells represent dead cells, while bright cells represent alive cells.  

 

3.1.1.5 Mycoplasma testing with MycoAlert® Mycoplasma Detection Kit 

(Lonza, Switzerland) 

During the experiments, a mycoplasma test was performed weekly to avoid contaminations. All the 

reagents were brought to RT and 1ml of cell culture SN was to eppy. One well was dedicated to 

medium only (negative ctr). Then the eppys were spun at 400xg for 5’ to pellet the cells and then 30µl 

of cell-free SN were transferred in triplicates to a ½ area well white plate. 30µl of MycoAlert Reagent 

(R) was added to each well with SN/medium only and incubated for 5’. The plate was read on the 

luminometer (1st reading) (Reading A) and afterwards, 30µl of MycoAlert Substrate (S) was added to 

each well with SN/medium only. After incubation for 10’, the plate was read again (2nd reading) 

(Reading B). The results were calculated as follows: Reading B/Reading A. Cells with a mycoplasma 
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ratio B/A< 1 were considered as negative for mycoplasma infection; ratio=1-1.2, borderline; ratio>1.2, 

positive.  

3.1.1.6 Viability Assays of drug treated and/or infected cells 

Viability assays were performed to measure the cytopathic effect (CPE) in drug-treated and/or SARS-

CoV-2-infected VeroE6 cells both chemically (Adenosine 5′-triphosphate (ATP) measurement) and 

manually by microscopy. Specifically, for the Drug X experiments, the cells were infected with the 

original Wuhan strain (2019-nCoV/Italy-INMI 1) obtained from the European Virus Collection 

(EvaG) and first sequenced in China on the 7th of January 2020 46. For the SARS-CoV-2 infections, 

passages 3 and 4 (INMN1, p3 and p4) were used.  

For the chemical viability assay, the Viral ToxGLOTM Assay (Promega Corporation, USA) was used. 

According to the manufacturer’s instructions47 it is a quantifiable method for determining viral-CPE 

caused by lytic virions in host cells. The assay measures cellular ATP level as an indication of host 

cell viability. ATP depletion can be assessed and associated with viral burden when CPE results from 

viral infection. The quantity of ATP observed can be used as an easy way to measure virally generated 

CPE because it immediately correlates with the number of viable host cells in the culture. The amount 

of ATP present generates a luminous signal that is similar to a "glow".  If there is ATP present in the 

cells, luciferin will submit light observed by the plate reader, allowing the plate reader to quantify the 

vitality of the cells. We used a VICTOR® Nivo Multimode Microplate Reader (PerkinElmer Inc., US) 

to measure the signal (Figure 11). Half a volume (50µl) of ATP Detection Buffer was transferred to 

each well, and a white sticker was placed on the bottom of the 96-well plate (PerkinElmer ViewPlate-

96 or 1/2 Area OptiPlate-96 microplates) (also wells without cells). The program was set up to orbital 

shake the cells for two minutes to induce cell lysis after adding the cell viability reagent, then to 

incubate for ten minutes to stabilize the luminescent signal (LUM). The plate reader measured the 

luminescence signal, and the values were calculated in relation to Mock (not treated). 

Then, the "Reed & Muench" approach transformed into an Excel sheet, was used to determine the 

TCID50. This makes it perfect for high-throughput automated screenings (HTS) 48.  
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The CPE was also manually checked by an optical microscope for a double-check viability assay 

(Figure 8).  

 

Figure 8. Manually check viability and cytopathic effect (CPE) of VeroE6 cells. A microscope was used to visualize the CPE 

of the cells in 96-well plates. Figure made with BioRender.com. 

 

 

3.1.3 Reviving SARS-CoV-2 virions from faeces of COVID-19 positive patients: 

studying other transmission routes of the virus 

 

3.1.3.1 Sample preparation 

Samples were collected retrospectively from the ClinVir Research group at OUS, from hospitalized 

patients with a SARS-CoV-2 positive respiratory sample, since the pandemic's beginning (March 

2020). The samples that were not taken at the first access of the patient in the hospital but during 

follow-ups were excluded from the experiment. 
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Before starting testing clinical samples at the official beginning of the experiment, we tested which 

was the best modality of preparation of the samples and if there was a difference between solid and 

liquid (Universal Transport Medium™, Copan Diagnostics) samples. 

 

3.1.3.2 SARS-CoV-2 virion precipitation from the supernatant  

After the preliminary testing, it was decided to use the Lenti-X Concentrator Precipitation Reagent 

(TaKaRa, Japan) because it provides a fast and simple method for concentrating SARS-CoV-2 virions 

in the samples (supernatant) by mixing it with the concentration reagent. This step was followed by 

incubation (one to 24 hours) and centrifugation in a standard centrifuge (Figure 9). After these first 

steps, the samples were mechanically filtrated. The procedure was applied regardless of the type of 

sample used. 

 

Figure 9. Workflow using the Lenti-X Concentrator Precipitation Reagent (TaKaRa, Japan) 

 

In detail, the samples were thawed at room temperature, filtered using 0.22μm syringe PET filters and 

5/10ml syringes, and then the clarified supernatant was transferred to a sterile container. One volume 

of Lenti-X Concentrator was combined with three volumes of clarified supernatant. The mixture was 

incubated at 4°C overnight. Then, the samples were centrifuged at 1,500xg for 45 minutes at 4°C, and 

afterwards, an off-white pellet was visible, containing virions. The supernatant was removed carefully, 

and the pellet was resuspended in 2 mL Hanks' Balanced Salt Solution, HBSS (Thermo Fisher 

Scientific Inc., US).  

Secondly, the samples were filtered. The filter was pre-wet with HBSS and filtered using 0.22µm 

syringe PET filters and 5/10mL syringes to make 2 mL aliquots in 1.5mL Eppendorf tubes. 
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3.1.3.2.1 Infecting Vero-E6 cells for Passage 1 (P1) 

Vero-E6 cells from T175 flasks were counted and plated out the day prior to infection with the faeces 

samples. Cells were plated out in 96-well plates at a concentration of 2-4 x 105 cells/mL (or 2-4 x 104 

cells/ 96 well) obtained using 10% DMEM, P/S, enriched with 2% Antibiotic-Antimycotic (100X) 

(Thermo Fisher Scientific Inc., US) and 2% Amphotericin B (Thermo Fisher Scientific Inc., US). The 

cells were infected with 75µL of sample mixed with 125µL of medium per well. Three replicates were 

performed for every sample. 

 

3.1.3.2.2 Infecting Vero-E6 cells for Passage 2 (P2) and Passage 3 (P3) 

When CPE was present (usually between 72 and 120 hours post-infection), 100µL of scraped cells and 

supernatant, possibly containing secreted virions, were transferred to a new 96-well plate with fresh 

Vero-E6 cells. The more passages in fresh cells are done, the more the virions will be concentrated in 

the supernatant. 

 

3.1.3.2.3 Manual extraction of nucleic acids 

Total RNA was extracted from secreted supernatants using the NAxtra™ nucleic acid extraction kit 

(Lybe Scientific, Norway) protocol (see Appendix 1). 100μl of each sample was lysed with NAxtra 

lysis buffer. The beads containing RNA were resuspended in 20μl nuclease-free water and measured 

with RT-qPCR using KiCqStart One-Step Probe RT-qPCR ReadyMix, as described in section 

3.1.3.2.4. 

 

3.1.3.2.4 Detection of SARS-CoV-2 RNA by RT-qPCR 

For quantifying SARS-CoV-2 in the supernatant from infected cells, the KiCqStart One-Step Probe 

RT-qPCR ReadyMix (manufacturer) was used 49. 

For making the master mix, 2.5μl of KiCqStart One-Step Probe RT-qPCR (2X) and 0.083μl of SARS-

CoV-2 target primer/probe assay (60X) were mixed for each reaction and added to each respective 

well in a 96-well PCR plate. Furthermore, 2.8μl of RNA template was added to the respective wells 

containing 2.2μl master mix, with a final volume of 5μl in each well. The 96-well plate was spun in a 
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PCR plate spinner (VWR) and analyzed in the qPCR instrument (Thermo Fischer). The RT-qPCR 

conditions are shown in Table 2. 

 

The high temperature of 50°C for the primer annealing is to give a high specificity and to avoid the 

secondary structure of the RNA interfering with the synthesis of complementary DNA (cDNA). This 

step includes a reverse transcriptase step with an RNA-dependent DNA polymerase that generates a 

strand complementary to the RNA (cDNA). The 2-minute incubation at 95°C is to inactivate the 

reverse transcriptase and activate the polymerase before continuing with the PCR cycles.  

Step Description Temperature 

(°C) 

Duration Cycles 

1 Reverse transcription 50 15 min Hold 

2 Enzyme activation 95 2 min Hold 

3 Denaturation 95 15 sec 45 

4 Annealing/extension/ 

signal detection 

60 1 min 

 

Table 2. Parameters for one-step RT-qPCR using KiCqStart One-Step Probe RT-qPCR kit. The temperature of 50°C is to 

achieve an optimal synthesis of complementary DNA (cDNA). For inactivating the reverse transcriptase (RT) and for 

activating the DNA polymerase, the temperature is set to 95°C. 

 

Every sample was tested in triplicates and negative control (water), and a standard curve (SC) were 

included (INMN1, P4 10-fold dilutions).  To be able to detect and quantify the product in real-time, a 

thermocycler registers the fluorescent molecules added to the sample and quantifies the excited 

molecules that emit the fluorescent light during the PCR 50. The number of cycles before the 

fluorescent signal rises above the background levels is defined as cycle threshold (CT) values. The CT 

values are explained by the concentration of the template. At the start, the concentrations of the 

template are too low for detection. As the amplification continues, a growth phase arises followed by 

a final plateau phase.  

 

3.1.4 Drug X as a new solution for defeating SARS-CoV-2: drug testing experiments 

In this “in vitro” pre-clinical research part of the study we wanted to: 
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a) Establish the highest concentration Drug X can be used at, the highest 

concentration where the cells survive 

Phosphoric acid (PhA), as negative vehicle control, Drug X and culture medium (Mock), as 

representative of the 100% viability, were compared for the experiment. 

For every solution, seven different concentrations in three-fold dilutions were made: from 10% 

(triplicates) concentration to 5 - 0.156 % (quadruplicates) concentration. 

Eight 96-well plates with VeroE6 cells (2x105 cells/mL/2x104 cells/well) were plated out (Figure 11) 

to test: 

− The chronic exposure to measure toxicity/viability at two-time points, incubating the cells with 

Drug X, 24 and 72 hours (h) post-treatment (hpt)   

− The acute exposure to measure toxicity/viability at two-time points, incubating with Drug X for 

1, 2 and 5 h, washing with PBS after each time point and replacing with 2% FCS, P/S, DMEM.   

 

 

 

 

 

 

 

 

Figure 11. Plate set-up example. Cells in yellow were treated with 100µl PhA, per well, whereas the cells in red were treated 

with 100 µl Drug X, per well. Every plate had a column with not treated VeroE6 cells and medium (green) and a column 

with no cells, only medium. 

 

After incubation, the Viral ToxGLOTM Assay (Promega Corporation, USA) was performed. Then, the 

plate was put in the VICTOR® Nivo Multimode Microplate Reader (PerkinElmer Inc., US) (Figure 

12), and the "shake&incubate" program was run on the dedicated software (12') to increase the 

  1 2 3 4 5 6 7 8 9 10 11 12 

A                         

B   

10% 

PhA 

PhA             

5% 
 →    →  → 

PhA    

0.625% 
  →  →    →  

0 

No 

cells, 

only 

medium 

C   
PhA               

2. 5% 
 →   →  →  PhA 

0.3125% 
  →  →     →  

D   
PhA 

1.25% 
→  → → 

PhA     

0.156% 
→   →   →   

E   

10%  
Drug 

X 

Drug 

X            

5% 

 →  →   →  Drug X 

0.625% 
→   →   →  

F   

Drug 

X 

2.5% 

→   →   →   Drug X 

0.3125% 
→   →   →   

G   

Drug 

X 

1.25% 

→  →   →   Drug X 

0.156% 
→     →  →   

H                         

 



24 

 

reproducibility of results in replicate wells before measuring luminescence. The luminescence was 

measured, and the viability values were calculated by plotting net RLU (relative luminescence units) 

values after subtracting the average of blank wells (see the results section). 

 

b) Establish if Drug X inhibits the virus directly 

Once the maximum dose had been identified whether Drug X inhibited the virus directly was tested. 

The PhA was used as the negative control at the equivalent pH of the diluted Drug X solution.  

Protocol 

The pH of PhA and Drug X was measured before incubating the Vero E6 cells with different 

corresponding concentrations (2.5% - 0.078%) for 5 hours. Then, cells were infected with 50µl of virus 

dilution (added 2µl of INMN1, P4 in 5 ml medium 2% FCS DMEM). After 72 hours, the 

toxicity/viability was tested with the Viral ToxGLOTM Assay as described above. 

Results:  

c) Establish a better knowledge about the origin of the antiviral effects of Drug X 

on VeroE6 cells  

The effects of the Drug X 1.25% and 0.156% concentrations were compared, at constant pH, against 

the same concentrations of: 

− Phosphoric acid (H3PO4), PhA 

− Hydrochloric acid (HCl), HCl  

− Sulphuric acid (H2SO4), SuA  

 

Drug X and phosphoric acid acted as positive controls. At constant pH, the proton concentration effect 

is constant. This allows determining the impact of the acids counter ions, phosphate versus chloride 

and sulphate. Eventually, it tells if the antiviral effect is due to the acidity, the counter ion, or a 

combination of the two. Drug X is dissolved in PhA and we wanted to test the potential inhibitory 

effect on SARS-CoV-2 infection. In this series of experiments, we focused on a range of Drug X 

concentrations that avoided a very low pH and so antiviral effect. 
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Protocol 

Vero E6 cells were incubated with drug 1.25% (pH 1.5 or same as 0.156 % Drug X) or 0.156% (pH 

6.17 or same as 0.156 % Drug X) concentration in 2% FCS in DMEM (PerkinElmer 1/2 Area 

OptiPlate-96 were used) for 5 hours (Figure 13). Then, drugs were removed, and the cells were infected 

with the standard virus dilution of 0.2 or 0.3 moi (added 2µl of INMN1, P4 in 5 ml 2%FCS DMEM) 

and also a reduced amount (add 0.5µl of INMN1, P4 in 15 ml 2% FCS in DMEM) of the virus was 

used as a comparison. The toxicity/viability 72 hours post-infection was measured with the Viral 

ToxGLOTM Assay (Promega Corporation, USA). 

               – SARS-CoV-2         + SARS-CoV-2 

 1 2 3 4 5 6 7 8 9 10 11 12 

A  0 PhA HCl SuA Drug 
X 

0 PhA HCl SuA Drug 
X 

 

B             

C             

D             

E             

F             

G             

H             

 

Figure 13. Plate set-up example. All cells (except the “0” yellow column) were treated with an acid/Drug X. The cells in red 

were also infected with SARS-CoV-2 after the 5hs incubation. 

 

 

4) Results 

 

4.1 Reviving SARS-CoV-2 virions from faeces of COVID-19 positive patients: studying other 

transmission routes of the virus. Preliminary results 

For this experiment, 42 faeces samples (two solid, 40 swabs with transport medium) were analyzed. 

Five samples were excluded because they were not first-access samples but follow-ups. For every 

sample, three passages of the virions were performed in Vero-E6 cells. This way, the virus was 

amplified, as well as the other microorganisms from the faecal sample were gradually removed using 

antibiotics and antimycotics. Figure 14 shows the results from the viability assay. In total, viable 
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virions were revived from five samples. All the samples from #6 to #42 showed reduced viability 

compared to Mock in at least one passage, indicating that there was viral-CPE caused ideally by lytic 

virions in host cells. About 81% (30/37) of the samples showed reduced viability in all the cell passages 

and 11% (4/37) showed reduced viability only in passage 3. In general, for passage 1 and 2, the 

viability was lower compared to passage 3 and Mock. At the moment of the writing of this PhD thesis, 

68% (25/37) of the samples were analyzed with RT-qPCR (the rest will be processed at a later time 

point).  

As many of the RT-qPCR values had good triplicates results but were outside the lower linear range, 

it was not possible to obtain a linear correlation and so to calculate them using the standard curve 

method as planned. However, it indicates that there was virus present (especially for samples with 

valuable values for two passages or more). As a matter of fact, even if from the diagnostics point of 

view having just 2/3 results is not enough to assess the positivity of a patient, it is interesting to consider 

these samples because it could suggest that virus may be present at a low concentration. Also, in the 

samples where the triplicates were too far from each other or only one was positive, there might be 

virus as well. Further analysis should be performed. 
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Figure 14. Results for the experiment 

concerning the revival of SARS-CoV-2 virions 

from faeces of COVID-19 positive patients. For 

every sample Passage 1 (P1) in orange, 2 (P2) 

in yellow, and 3 (P3) in green, in Vero-E6 cell 

culture are reported. The control (MOCK) is 

shown in red. All the samples from #6 to #42 

showed reduced viability compared to Mock in 

at least one passage, indicating that there was 

viral-CPE caused ideally by lytic virions in 

host cells 
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4.2 Drug X as a new solution for defeating SARS-CoV-2: drug testing experiments 

 

a) Establish the highest concentration Drug X can be used at, the highest concentration where 

the cells survive 

To perform the toxicity/viability test at two time points (24h and 72h), the cells were incubated with 

Drug X or PhA for 24 or 72 h, simulating a chronic treatment. At 24 hours post-infection, PhA showed 

a good inhibitory effect for several dilutions (5%-1.25%) (Figure 15 a) ) whereas Drux X was effective 

just for the 5% dilution (Figure 15 b) ). After 72 hours, for both PhA and Drug X, it was clear that, 

regardless the dilution of the solution, the toxicity was too high (full CPE) (Figure 15 c), d)). So, it 

was not possible to determine the highest concentration of Drug X tolerated by the cells. 

Then, the acute exposure was simulated. The toxicity/viability was measured at two-time points, 

incubating the cells with Drug X or PhA for 1, 2 and 5 h. Based on the results from the acute treatment 

(Figure 16), the 10% and 5% dilution should have been excluded from the experiment because the 

CPE was very high probably due to high toxicity.  
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Figure 15. Results of the Viral ToxGLOTM Assay (Promega Corporation, USA) to measure the cell viability and toxicity. 

Data were acquired at two time points: 24h post-treatment and 72hours post-treatment. The Mock samples (green column) 

were used as a comparison. At 24 hours post-infection, a) PhA showed a good inhibitory effect for several dilutions (5%-

1.25%), whereas b) Drux X was effective just for the 5% dilution. After 72 hours, c) and d) for both PhA and Drug X, it was 

clear that regardless of the dilution of the solution, the toxicity was too high (full CPE). 
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Figure 16. Cells were treated for 1h with PhA or Drug X and then the Viral ToxGLOTM Assay (Promega Corporation, USA) 

was performed 24 hours post-treatment (hpt) to measure the cell viability and toxicity. The Mock column (green) was used 

as a comparison.  



31 

 

b) Establish if Drug X inhibits the virus directly 

Once the maximum dose experiment was performed, we tested whether Drug X inhibits the virus 

directly. The PhA was used as the negative vehicle control at the equivalent pH of the diluted Drug X 

solution.  

Adherent Vero E6 cells were treated with different corresponding concentrations (2.5 %- 0.078%) of 

PhA and Drug X for 5 hours. Then, treated cells were infected with virus INMN1, P4 for 72 hours, 

and the inhibition of virus infection was measured by cell viability assay (Figure 17 and 18). 

 

Figure 17. Treatment with higher dilutions (2.5% - 0.625%) of PhA and Drug X. The cells were treated for 5h with PhA or 

Drug X and then infected with the virus. The Viral ToxGLOTM Assay (Promega Corporation, USA) was performed 72 hours 

post infection (hpi) to measure the cell viability and toxicity. The Mock column (green) was used as a comparison. In general, 

no difference in inhibitory effect of SARS-CoV-2 infection was observed between vehicle (PhA) and drug (Drug X) at higher 

concentrations (2.5 %- 0.625%). 
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Figure 18. Treatment with lower dilutions (0.3125%-0.078%) of PhA and Drug X. The cells were treated for 5h with PhA or 

Drug X and then infected with the virus. The Viral ToxGLOTM Assay (Promega Corporation, USA) was performed 72 hours 

post infection (hpi) to measure the cell viability and toxicity. The Mock column (green) was used as a comparison. An 

inhibitory effect by Drug X compared to vehicle was observed. However, the inhibitory effect compared to non-infected cells 

was about 30%. 

 

In general, no difference in inhibitory effect of SARS-CoV-2 infection was observed between vehicle 

(PhA) and drug (Drug X) at higher concentrations (2.5 %- 0.625%) (Figure 17). However, there was 

a good inhibitory effect by PhA only, and the inhibitory effect compared to non-infected cells was 

more than 60% for 2.5% PhA. At lower concentrations (0.3125%-0.078%) (Figure 18) an inhibitory 

effect by Drug X compared to vehicle was observed. However, the inhibitory effect compared to non-

infected cells was about 30%. In general, efficient inhibition of CPE (most likely inhibition of virus 

replication) was seen when SARS-CoV-2 infected Vero E6 cells were treated with 1.25% and 0.156% 

Drug X, pH 1.47 and 6.17 respectively. 

 

c) Establish better knowledge about the origin of the antiviral effects of Drug X on VeroE6 

cells  
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The effects of the Drug X 1.25% and 0.156% concentrations were compared, at constant pH, against 

the same concentrations of PhA, HCl and SuA.  

In general, no difference in inhibitory effect of SARS-CoV-2 infection was observed between vehicles 

(PhA, HCl, SuA) and Drug X both at higher and lower concentrations (1.25% - 0.156%). However, at 

a concentration 1.25% of vehicle and low concentration virus (0.5µl), there was a slight vehicle effect 

in the cells that were not infected; however, Drug X does not seem to be effective at all in the infected 

cells. Moreover, there was a good CPE effect by SARS-CoV-2 at higher concentration (2µl) compared 

to the lower concentration (0.5µl). 

Thus, both 1.25% and 0.156% concentrations of Drug X do not seem to be effective compared to other 

vehicles and with MOCK (regardless of the concentration of the virus used for the infection) (see 

Figure 19). 

Figure 19. The effects of Drug X 1.25% and 0.156% concentrations were compared, at constant pH, against the same 

concentrations of PhA, HCl and SuA. a) 1.25% drug vs vehicles. b) 0.156% drug vs vehicles 
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5) Discussion 

The first part of the aims of this PhD thesis was to investigate the possibility of reviving living virions 

from faeces of COVID-19 positive patients using the Vero-E6 cells. In addition, a new laboratory 

protocol was developed and evaluated on-field. 

It is widely demonstrated in the literature that the main way of human-to-human transmission of 

SARS-CoV-2 is through contaminated respiratory secretions (droplets and aerosols). But some 

evidence points to faecal-oral contamination as a potential secondary human transmission route for the 

virus. First, clinical evidence of multiple infected patients exhibiting signs of gastroenteritis 51,52, 

significant stool excretion of viral genomes 53, histological analyses showing the presence of virions 

and infiltration of pro-inflammatory cells in the duodenum and rectum 54,55, had demonstrated the virus 

intestinal replication. Furthermore, intestinal organoids and intestinal human cell lines as well as 

animal models 56,57 have all shown evidence of viral replication. It is also hypothesized that the long-

COVID may be caused by an intestinal viral reservoir 58. Such a possibility was supported by the 

experience of the SARS-CoV faecal-oral infection in 2003 59. Despite this data, there are just a few 

cases of SARS-CoV-2 faecal shedding reported that have been proven to cause infection 60–63. SARS-

CoV-2 must be able to remain contagious in faeces and eventually start replication in the host gut or 

respiratory tract to establish transmission from contact with infected faeces. SARS-CoV-2 has a 

relatively fragile lipid membrane in comparison to enteric viruses. As well as influenza viruses, SARS-

CoV-2 may be protected against such inactivation by mucosal secretions or food ingestion 64 as Zang 

R et all (2020) demonstrated in their study 65. Our preliminary results showed that for the 13,5% of 

faeces samples it was possible to revive SARS-CoV-2 viable virions using the Vero-E6 cell line. This 

indicated the possibility for positive patients to transmit the virus to naïve people. Our data are in 

contrast with Wurtzer S et al (2022) 57 who used hamsters as an animal model to examine faecal-nasal 

transmission following intranasal inoculation of faecal materials infected with SARS-CoV-2 RNA. 

They demonstrated that despite a significant genomic viral input, inhaling stool preparations from 

infected hamsters did not cause infection in new animals. These findings supported earlier studies 

using the same animal model showing that the replicative virus or the least infectious dosage for this 

model was not present in the faeces of infected animals 56. For our experiment, the lower CPE in 
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passage 3 detected by the cell viability assays is probably due to an early harvest, so the virus could 

not amplify enough and even if with the manual CPE checks a clear CPE was visible, it was not so 

consistent when analyzed with the Viral ToxGLOTM Assay (Promega Corporation, USA). We suppose 

that more passages in cell culture are needed to amplify the virus further so it can be detectable by RT-

qPCR and not just by the luminescence assay. Moreover, from the statistical point of view, it would 

be necessary to perform the same experiment on a larger pool of samples. Also, the variability in faeces 

composition could be related to differences in diet, genetic background or gut microbiota or an 

alteration of this latter composition, throughout infection 66,67. Then, the gut microbiota diversity and 

physico-chemical parameters of stools could also explain the interindividual variability of SARS-CoV-

2 inactivation in faeces, as previously reviewed 68. Comparing the viral persistence in the stools of 

infected patients with divergent gastric symptoms may provide insight into the factors that may 

promote enteric replication of SARS-CoV-2. 

The second part of the aims of this PhD thesis was focused on a different topic. Drug X was tested as 

a new solution for defeating SARS-CoV-2. It is an acid solution and there is not much literature 

regarding Drug X, but it is documented the effect of the strong acids that we used as a comparison. 

For example, inorganic and organic derivatives of SuA help to inhibit the growth of bacteria, yeast, 

moulds, or other microorganisms in food, but they are also widely used in the medical practice as a 

disinfectant or as part of different drugs 69. Whereas, HCl is commonly used to adjust the pH of 

injections and ophthalmic solutions 70, and PhA is an ingredient used for electrolyte replenishment and 

total parenteral nutrition (TPN) therapy and the relief of upset stomachs associated with nausea 42. 

Given all the overmentioned information, there are different opinions about what is helping SARS-

CoV-2 to infect and replicate successfully in host cells. Environmental factors which affect viral fusion 

include external pH, temperature, humidity and osmolarity. These factors are discussed along with 

their implications on mucus thick layer, proteases, the abundance of sialic acid, vascular permeability 

and exudate/oedema. 

SARS-CoV-2 shares many of the characteristics of coronavirus and the general mechanism for SARS-

CoV-2 infection has been identified based on knowledge of the other SARS-CoV and MERS-CoV. 

Indeed, there are many studies about the influence of pH and virus replication in humans. In general, 
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it is common opinion that low or high pH levels are inhibiting SARS-CoV-2 infection in the human 

airways 71,72 and that a pH range between 7.5 and 9 is the best condition for both SARS-CoV and 

SARS-CoV-2 to maintain complex structures such as ACE2 and the S protein 73.  

For example, Cicconetti et al. (2021) 74 have illustrated one method of achieving physicochemical 

microenvironment modulation of the airway tissue, the first route of virus infection, through the 

administration of nebulized warm sodium bicarbonate by inhalation. It is an alkaline solution of 

approximately 8.5 pH and is an alkalinizing agent widely used in the treatment of metabolic acidosis. 

On the contrary, Giarratana et al. 33 tested an acid-oxidizing solution containing hypochlorous acid on 

human coronavirus SARS-Cov-2 in Vero 76 cells with good results. Then, Panatto et al. carried out a 

phase IV clinical trial demonstrating that the overmentioned HClO-based solution in a sprayable 

formulation was effective in reducing the SARS-CoV-2 viral load in patients with mild COVID-19 

disease 34. 

In this PhD thesis, our results showed that it was not possible to establish the highest Drug X 

concentration where the cells survive. After 72h from infection with SARS-CoV-2, the effect of the 

virus on the cell culture was so significant that the presence of the drugs (both PhA and Drug X) was 

not relevant. Apparently, in a chronic condition, Drug X is not effective. We obtained a comparable 

result also when the acute treatment was simulated. At 72hpi the culture showed full CPE and no sign 

of virus inhibition caused by the drug. Then, we established if Drug X was able to inhibit the virus 

directly. In general, no difference in inhibitory effect of SARS-CoV-2 infection was observed between 

vehicle (PhA) and drug (Drug X) at higher concentrations (2.5 %- 0.625%) (Figure 17). On the other 

hand, there was a good inhibitory effect by PhA only, and the inhibitory effect compared to non-

infected cells was more than 60% for the 2.5% concentration of PhA. At lower concentrations 

(0.3125%-0.078%) (Figure 18) an inhibitory effect by Drug X compared to vehicle was observed. 

However, the inhibitory effect compared to non-infected cells was about 30%. In general, efficient 

inhibition of CPE (most likely inhibition of virus replication) was seen when SARS-CoV-2 infected 

Vero E6 cells were treated with 1.25% and 0.156% Drug X, pH 1.47 and 6.17 respectively. Eventually, 

the origin of the antiviral effects of Drug X on VeroE6 cells was explored. Thus, both 1.25% and 
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0.156% concentrations of Drug X do not seem to be effective compared to other vehicles and with 

MOCK (regardless of the concentration of the virus used for the infection). 

In conclusion, nevertheless, our results showed that Drug X does not affect SARS-CoV-2 infection, 

this research lays the foundations to explore other similar solutions as a valuable treatment for COVID-

19. Indeed, early and timely intervention with specific treatments controlling virus replication and 

inflammation might help to modify the course of the disease progression, and improve patients’ 

recovery time and rate, ultimately avoiding the risk of hospital collapse sadly experienced by most 

countries worldwide. 

Thus, infection modalities are more complicated than so far reported, and more appropriate knowledge 

of the infection process is necessary for new drug discoveries not only for pre-exposure prophylaxis 

but also in protecting against SARS-CoV-2 antigenic drift and future virus pandemics. 

 

6) Conclusion and limitations 

From the present PhD thesis preliminary results, we conclude that human faeces seem to be a 

favourable environment for the persistence of SARS-CoV-2 in an infectious form when Vero E6 cells 

are used. Although SARS-CoV-2 transmission after exposure to naturally contaminated faeces is 

unlikely, we observed an inter-individual variability, and we cannot rule out the possibility of 

persistent viral particles in human or animal faeces, especially shortly after their excretion. To estimate 

the risk of contamination after exposure to contaminated faeces, the infectious viral titer in stools and 

the minimal infectious dose remain to be determined. Our results must also be implemented 

considering the different circulating virus variants which have shown differences in pathogenicity, 

transmissibility, and changes in tropism. If faecal-nasal contamination was involved in the spread of 

the virus in wildlife, this would potentially open new pathways for the virus's evolution. 

Despite existing data in the literature demonstrating valuable chemical components for preventing and 

treating COVID-19, the experiments herein presented did not show relevant results regarding the 

efficacy of Drug X against SARS-CoV-2 infection.  
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A detailed exploration of the cellular and molecular functions of SARS-CoV-2 infection is still 

necessary to understand virus-host cell interactions to provide novel ways to treat COVID-19.  
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8) Appendix  

NAxtra™ nucleic acid manual extraction kit  

o Ensure that you read and understand the information provided in this guide before you begin the 

extraction procedure.  

o Review your assay documentation to determine if an extraction control is recommended to verify the 

efficacy of the nucleic acid preparation. Follow the extraction control guidelines provided in the assay 

documentation.  

o Determine the number of required reactions based on the number of patient samples to be processed, 

plus one Negative Control per plate.  

o Sample input volume may be 100 μl or 200 μl. Sensitivity may be increased if using 200 μl sample 

input volume.  

o Ensure that all NAxtra™ MAGNETIC BEADS are resuspended by shaking the bottle.  

o Prepare ready to use BEAD MIX: 20 μl of the concentrated NAxtra™ MAGNETIC BEADS to 380 

μl (100μl sample input) or 580 μl (200 μl sample input) Isopropanol per reaction, plus 10% overage. 

Amount of concentrated beads is independent of sample input volume.  

o Prepare fresh 80% Ethanol using Ethanol, Absolute, Molecular Biology Grade and Nuclease-free 

Water (not DEPC-Treated) for the required number of reactions, plus 10% overage.  

Preparation of BEAD MIX 

Sample input Concentrated beads Isopropanol BEAD MIX 

100 μl 20 μl 380 μl 400 μl 

200 μl 20μl 580μl 600 μl 

 

Protocol guide for manual extraction 

1. Pipette out 200 μl NAxtra™ LYSIS BUFFER (pr. sample tube or pr. well if using well plate). The 

volume of NAxtra™ LYSIS BUFFER should be 200 μl independently of sample volume input. 

2. Add 100 μl (or 200 μl) patient sample, mix by pipetting several times (at least 5 times up and 

down) and leave at room temperature with shaking (900 rpm) for 5 min. 

3. Resuspend the ready to use NAxtra™ MAGNETIC BEADS diluted in Isopropanol. Vortex 

thoroughly to resuspend all beads. 
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4. Add 400 μl (or 600 μl) BEAD MIX to each sample/lysis tube and mix (pipetting/vortexing). 

5. Keep the beads in solution for 10 min by shaking (900 rpm). 

6. Place on a magnetic stand and wait until the liquid is clear (2–5 min). Remove and discard 

supernatant without disturbing the bead pellet. 

7. Resuspend and wash the beads in 400 μl 100% Isopropanol, shaking 2 min (900 rpm). 

8. Place on a magnetic stand and wait until the liquid is clear (2–5 min). Remove and discard 

supernatant without disturbing the bead pellet. 

9. Resuspend and wash the beads in 400 μl 80% EtOH, shaking 2 min (900 rpm). 

10. Place on a magnetic stand and wait until the liquid is clear (2–5 minutes). Remove and discard 

supernatant without disturbing the bead pellet. 

11. Resuspend and wash the beads in 400 μl 80% EtOH, shaking 2 min (900 rpm). 

12. Place on a magnetic stand and wait until the liquid is clear (2–5 min). Remove and discard 

supernatant without disturbing the bead pellet. 

13. Dry the beads for 10 min at room temperature, NB! Important that the beads are dried completely. 

14. Resuspend the beads in 50 μl Elution buffer, shaking 5 min (900 rpm). 

15. Place on a magnetic stand and wait until the liquid is clear (2–5 min). Transfer the clear supernatant 

to a new RNase/DNase-free storage tube. 
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