The science of COVID-19

Definitions
Coronavirus – A group of viruses with a halo of spiky proteins resembling a crown, which cause up to 30 percent of colds. This virus family also includes SARS and MERS.
SARS-CoV-2 – Severe Acute Respiratory Syndrome coronavirus 2, the name of the virus causing our pandemic
COVID-19 – Short for ‘coronavirus disease 2019’, the name of the disease
SARS – Severe Acute Respiratory Syndrome
MERS – Middle East Respiratory Syndrome.

NZASE Science Communicator Mike Stone outlines the science about the origin, transmission and prevention of COVID-19.
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A pneumonia-like illness was nothing unusual during a winter December in a busy Chinese hospital. The Wuhan hospital received mainly older people, many with respiratory symptoms. The first known case of COVID-19 appeared on December 1, 2019, and the second a week later.  
However, by December 12 the state broadcaster had reported a new viral outbreak in Wuhan city and nine days later the Chinese Centre for Disease Control and Prevention had identified a cluster of pneumonia cases of unknown cause. On December 31, China informed the World Health Organisation (WHO).

[image: ]Type
Viruses are very simple pathogens consisting of genetic material surrounded by a lipid and protein coat. They need no organelles because they cause the cells they invade to make viruses. The main viruses that cause influenza (flu) in humans include rhinoviruses and coronaviruses.

Origin
Coronaviruses originate in animals and sometimes transmit to humans; SARS originated in bats and then infected palm civets before transmitting to humans. MERS also originated in bats and passed to camels, which transmitted the infection to humans.  
	The first SARS-CoV-2 infections were detected in patients who had visited a large seafood and live animal market in Wuhan. Chinese officials closed the market after notifying WHO, but scientists have yet to determine in which type of animal the virus originated. Some research suggests that it may have been passed from bats to pangolins (scaly anteaters) to humans. 
	Only about eight mutations (of a possible 30,000) have been found in the SARS-CoV-2 genome. By examining these mutations, scientists estimate that transmission from animals happened in October-November 2019.

How dangerous?
Usually coronavirus illnesses are fairly mild, affecting only the upper air passages. But SARS-CoV-2, as well as SARS and MERS, is different. These three types of coronavirus travel much further into the respiratory tract and attach to proteins on the outside of cells lining these airways. The 2019 version causes more lung disease than sniffles, and damage to lungs can make COVID-19 deadly. 
	Research (yet to be peer reviewed) estimates the mortality rate for confirmed cases of COVID-19 in China to be 1.4 percent1, while WHO data suggests a global rate of 3.4 percent2. This is at least ten times as lethal as seasonal flu (see table below), which kills up to 500 New Zealanders every year - Maori death rates in the 2009 influenza A outbreak were higher than for other ethnic groups. COVID-19 is slightly less deadly than the Spanish flu, which killed at least 9,000 New Zealand civilians and soldiers in late 1918; Māori had seven times the death rate of non-Māori.

A summary of virus outbreaks (P)= pandemic; H1N1 = refers to the pattern of spikes on the virus. 
	Virus outbreak
	Origin
	Date seen
	Nos killed/infected
	Proportion killed

	SARS
	China
	2003-2004
	774/8096
	10 %

	MERS
	Middle East
	2012-2015
	858/2494
	30 %

	Spanish Flu H1N1 (P)
	France
	1918-1920
	50 million/??
	2.5 %

	Swine Flu H1N1 (P)
	Mexico
	2009-2010
	200,000/100 million
	0.02 %

	Seasonal flu H1N1 A&B
	Global
	Every year
	650,000/??
	0.1 %


How contagious?
SARS-CoV-2 is a new virus to which we have no immunity, so the infection initially spread very rapidly through human-to-human transmission. A newly infected person may be able to pass the disease to an average of up to 2.5 people3 (SARS could infect two to five, measles 12 to 18). People who are infected can transmit the virus to others even when showing no symptoms; this also makes them unlikely to be tested.
	Respiratory droplets from an infected person’s cough or sneeze can carry human coronavirus to another person, usually a close contact. The virus typically only survives on a surface for a few hours4, but if we touch that surface and then touch our mouth, nose or eyes we may become infected. 
	Individuals who are older, immune-compromised, or have other medical conditions are particularly vulnerable to COVID-19. Data on 44,672 cases show that 81 percent are mild; 14 percent are severe, although most of these survive; five percent are critical; and 1.5 percent die5. 

Disease progress
When a virus infects human cells, cells turn to making more virus particles which are then released, often rupturing cell membranes.  In response the body makes cytokines, which alert the immune system to the presence of infection and put cells into a lock-down state so they are harder to infect. Large numbers of cytokines can cause high temperature, shakes and muscle aches; a severe response can damage infected tissues and the patient can sometimes die. There are as yet no treatments which can reduce this immune response. Progression of severe COVID-19 cases.

	The 1918 Spanish Flu strain seemed to trigger a particularly intense immune response, including a ‘cytokine storm’. Some scientists thought this explained why young, healthy adults – who normally find it easier to survive flu – were the worst affected, since their stronger immune systems created even more cytokines.
	An infection with SARS-CoV-2 causes symptoms from two to 14 days after exposure, typically including fever, cough and fatigue, and sometimes headache and shortness of breath. Unlike SARS and MERS, COVID-19 rarely includes runny noses. Some patients develop pneumonia, and such lung damage can be deadly. Symptoms can intensify fairly quickly, resulting in hospital admission and acute respiratory disease syndrome (ARDS), where fluid builds up in the lungs, leading to severe shortness of breath. Some patients with COVID-19 have died from multiple organ failure. 

Prevention
[image: ]We can best protect ourselves from coronavirus or flu by washing our hands thoroughly with soap and water, which destroys the virus’ lipid coat, and drying them thoroughly; covering coughs and sneezes; not touching our eyes, nose and mouth; and staying at home when sick. 
	What about masks? Before any cases were confirmed in NZ, some residents bought stocks of surgical masks, which cover both mouth and nose, as a precaution. In many crowded Asian countries, people see it as polite to wear these masks to prevent the spread of germs by coughing or sneezing.
	In hospitals, these loose masks are used for short periods by trained professionals, changed frequently, and disposed of properly. They are worn to stop droplets in the breath, or facial skin cells, falling onto patients in operations. 
	However, surgical masks do not protect the general public from the disease because the masks do not seal around the face, and have holes (5 microns) larger than a coronavirus (0.1 micron). Also, masks are usually reused, allowing microbes to build up on the outside; and wearers often touch the front of the mask when removing them, getting any virus particles on their fingers. 
	Surgical masks do, however, prevent infected people from shedding as many virus-containing droplets into the air around them, and prevents wearers from touching their mouth and nose.

Treatments
There are no specific treatments for COVID-19, and most people will recover on their own. Doctors can only treat the symptoms. Anti-biotics treat only bacterial infections - they are of no use against viruses. There is little evidence that other touted treatments, such as garlic, vitamin C and honey, have any impact. Tamiflu, an antiviral medicine used to treat influenza A and B in some people, did not work on SARS coronavirus, and is not likely to be effective here, although it is being tested.
	Short-term solutions include using antibodies extracted from COVID-19 survivors, or made from samples of the new virus, which is being tested, and identifying and isolating those infected to stop the virus spreading.
	Vaccines can build our immunity for some viral infections, but vaccines normally take years to develop and cost US$2.8 billion on average. Possible vaccine candidates need to be found and tested in animals, then in humans to ensure they are safe, that they work, and to find the ideal dose. 
	This process typically includes three consecutive sets of human trials, taking many years each, before the suitable vaccine can be mass produced and distributed. For example, a MERS vaccine was in phase II trials last year, seven years after the first case. 
	As of March 20, 2020, 44 candidate vaccines for SARS-CoV-2 were in human trials. For this pandemic, animal trials, phase I, II and III human trials, and manufacture are all starting at once, creating a huge financial risk for pharmaceutical companies. 
	This process has been simplified by the Coalition for Preparedness and Innovation (CEPI), a global partnership set up in 2017 to enable speedy development and fair distribution of pandemic vaccines. However, the most optimistic estimate is that a vaccine will not be globally available for 12 to 18 months - mid-2021 at the earliest.

Global response
On February 9, WHO declared COVID-19 a Public Health Emergency of International Concern (PHEIC) - a health issue that affects many countries by spreading across borders. This declaration gave the WHO more power to co-ordinate a global response with member states, including issuing travel advisories.
 	On March 11, WHO declared this outbreak a pandemic, which has a much wider spread than an epidemic. Epidemics are large outbreaks of a new disease confined to a specific region, like the early days of the outbreak in China. Epidemics become pandemics when several outbreaks continue on different continents, spread widely by human-to-human transmission that is not related to the country of origin. 
	Epidemics are generally considered to be containable, and pandemics are not. But the WHO says that this situation is different, and that it is still possible to contain the virus and mitigate its spread. 
	In a standard mitigation strategy, a country’s response intensifies as the cases increase, to prevent a spike in numbers beyond the health system’s ability to cope. Chinese and Italian data indicates that limiting activities to diagnosing and managing cases allowed case numbers to explode. 
	Eventually China contained the virus – reported deaths were only 3,230, much less that the seven million possible with a fatality rate of even one percent. However, some have questioned these figures. 
	Taiwan, Singapore and South Korea have also had very few people die of COVID-19. After their experience with SARS, these countries knew they had to prioritise public health over individual liberty, with the willing co-operation of a well-informed public with experience of stringent government controls.
[image: ]	These countries quickly closed their borders to China, focussing on rapid early diagnosis of as many cases as possible, strict home quarantine, and rapid early isolation of all contacts of infected people. 
	Overseas experience of COVID-19 shows that about 20 percent of the population will need to be hospitalised, five percent will need intensive care, and one percent will need a ventilator to help them breathe6. 
	But New Zealand has limited intensive care beds (176) and ventilators (520). So the government chose an eradication strategy – to eliminate the chains of transmission by isolating everyone at home, including all students, leaving only essential services and supply lines running. In an island nation like ours, this approach makes much more sense.

Scientists
[image: ]Just ten days after China informed WHO of the outbreak, a Chinese virologist uploaded the entire SARS-CoV-2 genetic sequence into the public domain to allow the world’s scientists to work towards solutions, at a speed seen in no other outbreak. But what happened next was unprecedented.
	Scientists around the world immediately started work in their specialist areas. The exceptional transparency of many authorities enabled the almost overnight development of test kits for diagnosing people and defining cases. CEPI as well as many researchers, journals and funders have enabled research results and information relevant to the outbreak to be shared quickly and openly. 
	However, a result of the shorter time for peer review has meant that some potentially unreliable information has become public. For example, a study about the use of chloroquine as a treatment, endorsed by President Trump in a tweet, led to the deaths of several people who used it treat themselves. Other scientists have since challenged this research.
	WHO has recommended evidence-based protocols for diagnosing, treating and limiting the spread of COVID-19, but not all countries are following them. For example, America developed a different diagn0ostic test, which gave inconclusive results and had to be redesigned.
	Vaccine development has been extremely fast, due to unique co-operation between the WHO, countries, scientists and industry. WHO is co-ordinating research to ensure a transparent selection of vaccine candidates for further testing. 
	SARS, MERS and Swine flu have taught scientists to collaborate on a far wider scale to solve global health problems. And that will stand us in good stead as scientists work together to fight this pandemic.

Links
COVID-19 resources in te reo Māori
Government’s COVID-19 site
WHO COVID-19 pages
Information is beautiful: COVID-19 data pack
Our world in data: Change in daily new confirmed deaths from COVID-19.
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