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ABSTRACT
With the rapid spread of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) that results in coronavirus disease 2019 (COVID-19), corporate entities, federal, state, county and city governments, universities, school districts, places of worship, prisons, health care facilities, assisted living organizations, day-cares, homeowners, and other building owners and occupants have an opportunity to reduce the potential for transmission through built environment (BE) mediated pathways. Over the last decade, substantial research into the presence, abundance, diversity, function, and transmission of microbes in the BE has taken place and revealed common pathogen exchange pathways and mechanisms. In this paper, we synthesize this microbiology of the BE research and the known information about SARS-CoV-2 to provide actionable and achievable guidance to BE decision makers, building operators, and all indoor occupants attempting to minimize infectious disease transmission through environmentally mediated pathways. We believe this information is useful to corporate and public administrators and individuals responsible for building operations and environmental services in their decision-making process about the degree and duration of social-distancing measures during viral epidemics and pandemics












1.0	INTRODUCTION
A coronavirus is a virus that is found in animals and, rarely, can be transmitted from animals to humans and then spread person to person. In addition to COVID-19, other human coronaviruses have included: The MERS virus, or Middle East respiratory syndrome. The SARS virus, or severe acute respiratory syndrome, which first occurred in the Guangdong province in southern China. COVID-19 symptoms range from mild to severe. It takes 2-14 days after exposure for symptoms to develop. Symptoms may include: fever, cough and shortness of breath.
Those with weakened immune systems may develop more serious symptoms, like pneumonia or bronchitis. You may never develop symptoms after being exposed to COVID-19. So far, most confirmed cases are in adults, but some children have been infected. There is no evidence that children are at greater risk for getting the virus. Humans first get a coronavirus from contact with animals. Then, it can spread from human to human. Health officials do not know what animal caused COVID-19. The COVID-19 virus can be spread through contact with certain bodily fluids, such as droplets in a cough. It might also be caused by touching something an infected person has touched and then touching your hand to your mouth, nose, or eyes.
If you believe you have COVID-19, you should contact your family doctor immediately. Before going to the doctor’s office, call with your concerns. This will allow the office to collect information and offer you guidance on next steps. To diagnose you, your doctor may run tests to rule out other common infections. In some cases, your doctor may suggest you self-isolate to prevent the spread of infection. Currently, the only way to be tested for COVID-19 is to talk to your family doctor. Practice social distancing. Avoid people who are sick or meeting in large groups. Stay home if you are sick. Cover your cough with a tissue or cough into your upper sleeve or elbow.  Do not cough into your hands.
Wash your hands often with soap and water for at least 20 seconds, especially after going to the bathroom, before eating, and after blowing your nose, coughing, or sneezing. If soap and water are not readily available, use an alcohol-based hand sanitizer with at least 60% alcohol. Always wash hands with soap and water if hands are visibly dirty. Avoid touching your mouth, nose, or eyes. There is currently no vaccine or treatment for COVID-19. Symptoms of a coronavirus usually go away on their own. If symptoms feel worse than a common cold, contact your doctor. He or she may prescribe pain or fever medication. The FDA is currently advising people to be cautious of websites and stores selling products that claim to prevent, treat or cure COVID-19. Additionally, do not take any form of chloroquine unless it has been prescribed for you by your family doctor and purchased from a legitimate source. As with a cold or the flu, drink fluids and get plenty of rest. If you are having trouble breathing, seek immediate medical care. When possible, avoid contact with others when you are sick. If you have COVID-19, wear a facemask to prevent spreading the virus to others. The CDC does not recommend wearing a mask if you do not have COVID-19.




















2.0	LITERATURE REVIEW                  
The World Health Organisation’s research paper ‘Natural Ventilation for Infection Control in Healthcare Settings’ specifies how important ventilation is in controlling the spread of germs in medical facilities. A proper flow of air through treatment and recovery spaces helps reduce the growth of infectious illnesses while also stimulating the natural recovery process. This makes structural principles that incorporate natural airflow in perfect healthcare facility design vital. We took an in-depth look into this building trend, known as ‘breathing architecture’ to determine why this design principle contributes to a more effective medical space.
2.1   RESPIRATORY BUILDINGS FOR PATIENTS
Healthcare facility design that aids health: It may seem unusual, but even the most minor architectural elements of your medical facility can contribute to faster patient recovery time, and improved mental and physical well-being. The basic health elements that apply in everyday life are even more applicable in healthcare facilities. We still need ample natural light exposure and regular airflow to minimise the risk of infections spreading. This makes architectural designs that consider these factors an excellent long-term investment. Natural air flow is vital to improving a patient’s recovery and mental well-being.
What is breathing architecture and why is it a positive influence on patient health?: Breathing architecture is a principle that employs structural and aesthetic strategies to maximise the flow of natural air and improve mechanical ventilation for better indoor air quality. These practices contribute to beautiful buildings with a more ‘open’ feel and improved breathability. The positive influences of breathing architecture to maximise airflow and ventilation include:
Breathing architecture helps to dilute or remove other air pollutants from high-traffic areas, as well as naturally reduce the risk of infections spreading. Breathing architecture incidentally also considers natural light as an important design element. Natural light is well-documented in numerous studies, including one conducted by Northwestern University on natural light in the office, as essential to better healthcare facility design.
Improved mechanical ventilation through breathing architecture elements in healthcare facility design can help to reduce a building’s HVAC costs. Incorporating breathing architecture into healthcare facility design. Employing elements of breathing architecture in healthcare facility design is easier when you enlist the help of medical architecture experts. Space for Health has several relevant offerings, including feasibility and design development services, offering guidance on how you can maximise natural airflow in your healthcare facility.

2.2   INNOVATIVE INFRASTRUCTURE FOR HEALTH WORKERS
Ventilators
Ventilators are key in cases of severe treatment of coronavirus infections. Coronavirus attacks people’s lungs and can cause especially people with pre-existing respiratory conditions severe shortness of breath, that require them to be put on a ventilator. 
Ventilator machines mechanically move air in and out of a patient's lungs, keeping them alive when the patient’s body can no longer do it on its own. Since the ventilators first usage in the 1950s, it has become a key medical device for hospitals, where startups continue to tackle this opportunity to come up with smaller and easier to use devices. Ventilators are crucial to fight the COVID 19, but they are in a huge shortage in the US. The ventilator to critical patient ratio is estimated to 1:10.
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Fig 1.0: A Ventilator At Use In A Hospital
Ventec Life 
Ventec Life’s mission is to redefine respiratory care, by improving patient outcomes and helping caregivers to provide effective treatments. Ventec’s product VOCSN integrates five different medical devices (a ventilator, oxygen concentrator, cough assist, suction, and nebulizer) into one integrated respiratory system. Their portable device runs on batteries and thus gives the patients freedom of movement. Its advanced operating system and customizable toolsets it apart from traditional ventilators currently deployed hospitals. Its small size is another advantage that allows hospitals and care facilities to store and place the machines at the point of use, storing them more effectively.
For COVID-19, ventilators are key and are deployed to prolong a patient's life expectancy, supporting them through the worst time. Most of the hospitals in the US do not have enough respiratory devices at the moment to supply the increasing demand of patients diagnosed with COVID-19. Ventec provides a 5-in-1 solution to help hospitals and communities fighting the virus. General Motor is working with Ventec to ramp up the production of ventilators to alleviate the shortage in the US.
Onebreath Ventilators
OneBreath is a new business addressing one of the most difficult problems in critical care medicine: Delivering high precision, high-reliability mechanical ventilation at an affordable cost. Affordable mechanical ventilation is a critical unmet need globally, particularly in severely under-resourced developing markets, presenting a massive opportunity.
Ao-Air 
Ao-Air’s patented PositivAir™ technology utilizes fans to create a positive pressure that creates a clean air environment and allows a person to breathe freely, requiring no seal around the mouth and nose. This system allows clean, cool air to comfortably escape the mask around the face creating a continuous, one-way outflow that keeps outside air out. This means unparalleled protection, which is up to 50x better than current market-leading solutions and creates a more humane experience.
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Fig 2.0: Ao-Air
NasoFilters
Developed by a team from IIT Delhi, Nasofilters offer a respiratory nasal filter that sticks to your nose and prevents entry of harmful air pollutants (PM2.5). Nasofilters are easier to use than traditional anti-pollution masks. The product is small and stealth; it offers protection when wearing masks is not possible, such as in business meetings.
BreathResearch
BreathResearch’s mission is to revolutionize respiratory monitoring and management by enabling early detection and treatment of respiratory attacks and exacerbations. Over $130 billion is spent on asthma and COPD in the U.S. annually. Currently, over 27 million people with asthma and COPD in the U.S. have had at least one hospitalization. Others with chronic heart disease, kidney disease, and diabetes are at risk for respiratory attacks due to respiratory flu viruses such as COVID-19. Their dual-sensor spirometer can measure and track lung flow volumes and lung sounds to provide screening and monitoring at a clinic or at home via Telehealth. Breathsearch converts airwaves generated from a person’s breathing into sound waves, thereby allowing them to analyze one’s breath with acoustic analytics and artificial intelligence.
Their predictive analytics can be deployed either standalone or integrated into other respiratory devices and equipment and be applied individually as well as tracked nationally and globally to identify people and areas in need of attention and treatment. Breathsearch have applied their technology to asthma and COPD severity in a small pilot at Mayo. For COVID-19, Breathsearch learned about a three 3 week window where the disease may be 1) non-symptomatic, 2) upper respiratory mild flu-like symptoms or 3) develop into severe acute respiratory syndrome (unique to COVID-19). Enabling Breathsearch’s technology allows tracking lung flow volumes and lung sounds to do early detection on an individual and national/global basis. Specifically for COVID-19 Breathsearch could predict in week one or two after infection which patient might need aggressive treatment earlier, what hospital resources would be needed in a week's time and in what locations.
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Fig 3.0: BreathResearch


3.0 CHALLENGES
1. The lack of adequate infrastructure to create automated respiratory buildings for Nigerian patients diagnosed with COVID-119.
2. The lack of funding by both the private sector and the federal government to achieve this goal.
3. Nigeria doesn’t have the industry that can manufacture these equipments therefore the country has to import them leading to continual reliance on foreign countries.
4. Difficulties In Ventilators Supply
Ventilators have to operate in an extremely reliable way in a high-stakes environment. “If they fail, the patient is very likely to die,” explains Mauricio Toro, a Colombian engineer who joined a group in Medellin that completed the design of three different open-source ventilators. “This is what makes them so challenging to build.” If they fail, the patient is very likely to die. This is what makes them so challenging to build – Mauricio Toro. As intensive care units overcrowd and doctors must care for more patients, the reliability of the machines cannot be in question. But the only way to make them reliable is extensive testing, and that takes time – up to two years of testing, for commercial manufacturers. This is an extremely long period under the circumstances. Many more ventilators are needed now, not later. And scientists have calculated that the development of a vaccine against Covid-19 could take up to 18 months.










4.0 RECOMMENDATIONS  
1. Designing spaces with fewer walls, pillars and other hindrances to airflow.
2 Incorporating more windows and access points to the outside in the building plans.
3. Analysing natural wind-flow tunnels in the early facility design phase and arranging your floor plan to place areas that require high airflow the most around these spaces. For example, locating patient recovery rooms here would be more advantageous than incubators or laboratories that require stable environmental conditions.	
4. Respiratory Protective Devices
Respiratory protective equipment is not something that people use very often. But it is a very important measure for protection to a person, particularly during a pandemic outbreak in order to prevent the transmission of infectious diseases. Similar to SARS, COVID-19 is an extremely contagious respiratory disease that has a significant effect on society. Accordingly, COVID-19 has increased the usage of masks and caused a global shortage of supply. However, there are alternatives to masks that could protect people from deadly airborne pathogens that are worth considering.
5. Point of Care Diagnostics 
Point of Care Diagnostics becomes ever more important as the numbers of those diagnosed with COVID-19 increase every day. A pandemic outbreak leads to an exponential growth rate for as long as the uninfected and the infected continue to interact and there are still large numbers of uninfected people running the risk of getting infected.








5.0   CONCLUSION
In conclusion, the design of innovative and automated respiratory buildings for patients and health workers against coronavirus outbreak would be very important in the process of eradicating the virus from our Nigerian society and the world at large. 
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