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A B S T R A C T   

COVID-19 spreads via aerosols, droplets, fomites and faeces. The built environment that facilitates crowding 
increases exposure and hence transmission of COVID-19 as evidenced by outbreaks in both cool-dry and hot- 
humid climates, such as in the US prison system and dormitories in Singapore, respectively. This paper ex-
plores how the built environment influences crowding and COVID-19 transmission, focusing on informal urban 
settlements (slums). We propose policy and practice changes that could reduce COVID-19 transmission. 

There are several issues on how COVID-19 affects informal urban settlements. Slum populations tend to be 
younger than the overall population. Lower numbers of older people lessen the morbidity and mortality of the 
pandemic in slum areas. Second, many slum populations are highly mobile. By returning to their ancestral vil-
lages residents can avoid the risks of overcrowding and reduce the population density in a given area but may 
spread COVID-19 to other areas. Third, detection and registration of COVID-19 cases depends on patients pre-
senting to health care providers. If the risk of visiting a health care centre outweighs the potential benefits 
patients may prefer not to seek treatment. 

The control and prevention of COVID-19 in informal urban settlements starts with organizing community 
infrastructure for diagnosis and treatment and assuring that basic needs (food, water, sanitation, health care and 
public transport) are met during quarantine. Next, community members at highest risk need to be identified and 
protected. Low-income, informal settlements need to be recognized as a reservoir and source for persistent 
transmission. Solutions to overcrowding must be developed for this and future pandemics. In view of the constant 
risk that slums present to the entire population decisive steps need to be taken to rehabilitate and improve 
informal settlements, while avoiding stigmatization.   

1. Introduction 

Crowding occurs when the number of individuals exceeds the space 
available, resulting in adverse health outcomes, such as infectious dis-
eases. Crowding may be temporary or long-term, which impacts on the 
intensity and duration of exposure to pathogens and the risk of trans-
mission. For highly infectious agents, even temporary crowding in 
public areas such as trains and buses, can propagate an outbreak. The 
risk of transmission in long-term crowding, such as in densely populated 
urban informal settlements (slums), worker dormitories and prisons, is 
even higher and is often compounded by poor health and nutrition of the 
residents, lack of access to health care and inadequate water, sanitation 

and hygiene services. 
The World Health Organisation entrusts its member states to define 

what constitutes overcrowding [1]. UN Habitat considers overcrowding 
when there are more than three people per habitable room [2]. The 
United States Department of Housing and Urban Development (HUD) 
considers a household crowded if more than one person shares a room 
[3]. For the purposes of prevention of airborne disease transmission 
HUD defines overcrowding as less than 165 square feet (15.3 square 
meters) of living area per person. The British bedroom standard defines 
overcrowding by the age (child/adult) and sex of people sharing a room 
and also suggests that less than 70 square feet (6.5 square meters) per 
person constitutes overcrowding. Neufert, a reference book for spatial 
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requirements in building design suggests residential rooms require a net 
minimum floor area of 86 square feet (8 square meters) and ceiling 
height of 7.9 feet (2.4 m) [4]. While the definition of over-crowding is 
subject to perception, average floor space as living area for each person 
can be used as an objective standard. The average floor space per person 
exceeds the HUD, British and Neufert standards in industrialised coun-
tries, while falling short in Kibera (Nairobi, Kenya) the largest urban 
slum in Africa (Fig. 1). 

There is now a consensus that COVID-19 is an airborne disease in 
which the pathogen, SARS-CoV-2 is usually transmitted via inhalation 
[5]. There is no consensus whether the virus is transmitted in droplets or 
aerosols or both [6,7]. The primary difference between a droplet and an 
aerosol is the size. Particles less than <5 μm (uM) in diameter are 
considered aerosols while droplets have a diameter of >20 μm [8]. 
Particles between 5 and 20 μm diameter share some of the characterises 
of aerosols and droplets [9]. The difference is important in several ways. 
Large droplets follow a ballistic trajectory and tend to land within ≈0.16 
m–0.68 m when people are speaking, ≈0.58 m–1.09 m coughing or 
≈1.34 m–2.76 m sneezing (assuming an indoor environment with an air 
temperature of 18 ◦C and relative humidity of 50%) [10]. Human 
coronaviruses may remain viable on surfaces from 2 h to 9 days 
depending on the type of surface, temperature, and relative humidity 
[11]. People who touch such fomites are at risk of becoming infected if 
they subsequently touch their eyes, nose or mouth. Aerosols have long 
flight trajectories well beyond 2 m, can circulate in air-conditioned and 
ventilation systems and can penetrate human airways down to the 
alveolar space. Consequently, the personal protective equipment (PPE) 
required to prevent aerosol-borne transmission needs to be more 
extensive than that needed against droplet infections. While decision 
makers had suggested that COVID-19 is a droplet borne disease to allay 
concerns about insufficient PPE, the empirical evidence, such as the 

COVID-19 outbreak associated with air-conditioning in a restaurant in 
Guangzhou and a bus ride in Hubei, China, suggests that the disease is 
transmitted by aerosols [12,13]. The detection of aerosolized virus is 
further indication that a large proportion of SARS-CoV-2 infections is 
due to aerosolized virus [7]. Recent evidence that SARS-CoV-2 is shed in 
faeces and can be detected in wastewater highlights the importance of 
adequate sanitation in containing the pandemic [14–16]. 

The built environment interacts with a number of co-factors in SARS- 
CoV-2 transmission which include, climate, demographics, pre-existing 
health status and the indirect influence of the socio-economic status. 
Cool temperatures and low humidity facilitate CoV-19 transmission as 
illustrated by the emergence of the infection in Wuhan, China at the end 
of 2019 and spread in institutions in Illinois, USA during winter and 
spring of 2020. Using incidence data of confirmed COVID-19 cases in 
China and India, a recent modelling exercise showed that epidemics in 
crowded cities are more spread over time, and crowded cities have 
larger total attack rates than less populated cities [17]. The authors 
speculate that crowding sustains transmission within households 
resulting in a drawn-out spread of the virus through the population. The 
impact of population density on the COVID-19 pandemic has also been 
shown in India, Algeria, and Brazil [18–20]. The objective of this review 
is to investigate through the description and analysis of different ex-
amples how the built environment results in crowding and is associated 
with increased COVID-19 infections. 

2. Material and methods 

We employed a narrative approach to explore how the built envi-
ronment modulates crowding and the risk of SARS-CoV-2 transmission. 
We searched Google, PubMed, and the authors’ personal collections for 
articles on specific examples of how the built environment increases the 

Fig. 1. Comparison of average floor space as living area (in square meters) per person in different countries/territories. Reported average floor space (blue) minimum 
suggested floor space by different standards (red). (For interpretation of the references to color in this figure legend, the reader is referred to the Web version of 
this article.) 
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risk for crowding and COVID-19. We discuss the potential benefits of 
improvements in the built environment to minimise the negative impact 
of crowding on SARS-CoV-2 transmission. Statistical analyses were 
descriptive. Figures were created using Excel (Microsoft, Redmond, 
Washington 2018). 

3. Theory 

Historically, plague, smallpox, cholera and influenza epidemics have 
primarily affected those in the lowest socio economic strata of society 
[21]. Rich, privileged people can afford spacious living conditions while 
the poorest segments of society tend to live in the most crowded envi-
ronments [22]. We hypothesise that the built environment that modu-
lates population density increases the risk for the COVID-19 infection. 

4. Results 

Specific examples of crowding associated with the built environment 
that facilitates COVID-19 transmission are the US prison system, worker 
dormitories in Singapore and informal urban settlements. 

4.1. The US prison system 

The incarcerated population in the US comprises approximately 2.1 
Mio. adults and has been disproportionally affected by COVID-19 [23]. 
Eight of the ten largest COVID clusters in the US, all with more than 
1000 cases were in prisons or jails and the other two large clusters of 
COVID-19 cases were in meat processing facilities, where people work 
closely together shoulder-by-shoulder at low temperatures [24]. The 
space requirements of cell and detention rooms are regulated. For 
example the Illinois administrative code dictates that each cell has to 
have at least 50 square feet (4.6 square meters) of floorspace with a 
minimum ceiling height of 8 feet (2.4 m) and a maximum occupancy of 
two detainees per cell [25]. Despite these space regulations, the number 
of U.S. prison residents who tested positive for COVID-19 was 5.5 times 
higher than the general U.S. population, with a prisoner case rate of 
3251 per 100,000 residents as compared to 587 cases per 100,000 in the 
general population [26]. The US prison administration including the 
Cook County Board responded by early release of a large number of 
eligible prisoners to reduce crowding [27]. 

4.2. Worker dormitories in Singapore 

Early evidence that efficient COVID-19 transmission can occur in hot 
humid climates comes from Singapore, a modern city state in tropical SE 
Asia with about 5.6 Mio inhabitants. Mean daily temperature in 
Singapore ranges between 25 and 32◦ Centigrade, with a relative hu-
midity of 90% in the morning and 60% mid-afternoon [28]. Singapore is 
a well-recognized financial centre with clean streets and modern 
high-rise buildings. Yet the construction of these high-rise buildings and 
much of the maintenance of the city depends on migrant workers housed 
in dormitories. The Singapore Ministry of Manpower website lists 43 
state-licensed, purpose-built or converted factories serving as dormi-
tories [29,30]. According to Singapore government regulations dormi-
tories have to provide a minimum of 48 square feet (4.5 square meters) 
of living space for each worker [31]. Dormitories are generally not air 
conditioned. 

Salaries for workers are multi-fold higher in Singapore (median Sing 
$15/hour plus $2488 bonus) than in other Asian cities, ensuring an 
influx of migrants into the city. As of December 2019, the total foreign 
workers in Singapore was over 1 million, with 293,300 working in 
construction [30]. The number of workers living in dormitories is esti-
mated to be 323,000 [29]. Migrant workers can maximise savings by 
living in dormitories, which are located distant to the city centre, and 
affluent Singapore residents hardly come into contact with migrant 
workers. The parallel worlds of affluent Singaporeans and a 

subpopulation sleeping in dormitories was tolerated and ignored until 
the pandemic struck. Initially the Singapore government believed that 
the COVID-19 outbreak could be managed with sophisticated contact 
tracing and quarantining of exposed individuals. By end of April 2020 
the public health department had become overwhelmed and contact 
tracing of all newly diagnosed cases could no longer be assured. The 
number of COVID-19 infections in migrant workers sleeping in dormi-
tories has dwarfed that in the rest of the population. By September 2020, 
54,399 out of 57,685 (94%) of the CoV-2 infections reported in 
Singapore were in migrant workers [31]. The lockdown of the entire city 
state that started on 21st April 2020, has cost an excess of Sin$ 10 billion 
and will result at least in an 8.5% contraction of the state’s economy in 
2020 [32,33]. 

Interestingly, the Singapore outbreak has a relative low mortality. As 
of September 2020, 27 of the 57,685 infected individuals (0.05%) died. 
This is much lower than the global case fatality estimates of around 
3.6%. The quality of health care in Singapore plays a role but another 
major factor is the age of migrant workers. In the outbreak in New York 
3263/6839 (48%) deaths were in people over 75 years [34]. It is now 
well-accepted that the risk for severe COVID-19 increases with age, often 
concomitant with chronic conditions. The foreign workers in Singapore 
tend to be under 50 years and physically fit, hence mortality in this 
at-risk population in Singapore is low. 

4.3. Urban informal urban settlements 

Since 2007, more than half of the world’s population has been living 
in cities, and that proportion is projected to rise to 68% by 2050 [35]. 
Urban growth outpaces the creation of appropriate housing and infra-
structure in many low- and middle-income countries. New arrivals 
coming into cities with minimal resources often live in informal 
settlements. 

Slum areas are defined as informal settlements where half or more of 
the households lack access to safe water and improved sanitation, suf-
ficient living space, durable housing, or secure tenure. In 2014 about 
30% of urban populations were living in slums; these estimates are 
uncertain and may vary from 25% to 80% [36]. In many cities especially 
in Southern Asia and sub-Saharan Africa, slums no longer consist of a 
small proportion of marginalized neighbourhoods but instead may be 
home to large proportions of the urban population. In Dar es Salaam, 
Tanzania 28% of residents are living at least three to a room and in 
Abidjan, the figure is 50% [37]. Population density in Lalbagh Thana, 
Dhaka, Bangladesh is 168,151 people per km [2] compared with 27,000 
people per km [2] in Manhattan and there are no high rises in Lalbagh 
Thana (Fig. 2) [38]. Urban density on its own is a poor predictor for 
COVID-19 risk, since this may be mitigated by other factors, as found in 
New York. Very high-income areas such as the Upper East Side of 
Manhattan, have a relatively high urban density (27,000/km2) but 
extensive floor space per person (112 sqm) related to the ubiquity of 
high-rise buildings. In contrast West Queens has less floor space per 
person (29sqm), lower urban density (20,907/km2), lower income, but a 
higher COVID-19 incidence [39,40]. People living in urban slums where 
floor space is limited, tend to have high infectious disease transmission 
rates and poor morbidity and mortality indicators resulting in poor 
outcomes [41]. Under pandemic situations, social distancing and 
self-isolation are impossible and residents are often forced to leave their 
abode to earn their daily living. In hot and humid tropical regions slum 
dwellings often made from corrugated metal sheets may become un-
bearably uncomfortable especially during the middle of the day forcing 
the residents to leave their home at least for a few hours each day. 

Reports suggest high COVID-19 incidence in urban slums in Asia and 
South America but only seroprevalence studies can provide a quantita-
tive assessment of the disease burden in informal settlements [42,43]. A 
survey carried out in the capital New Delhi and found that 24% of more 
than 20,000 people tested had Covid-19 antibodies and seropositivity in 
Mumbai’s slums approached the 60% [44]. Several characteristics 
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Fig. 2. Urban densities (person/km2).  

Fig. 3. Demographic differences in the population structures of Kenya and Italy. Kenya has a broad base of young people while in Italy a large proportion is over of 
the population is over 50 years and thus at an increased risk for COVID-19 with poor outcome compared to Kenya. The y-axis indicates the percentage to the male and 
female population respectively. (data source PopulationPyramid.net 42). 
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modify the impact of COVID-19 on slum populations: 

4.3.1. Demographics 
The demography of slums may be relevant to the impact of COVID- 

19 for slum populations. The population age structure in low-income 
countries, is pyramidal with a broad base representing the younger 
people and a relatively small older population compared with indus-
trialised nations where the COVID-19 pandemic struck hardest, 
described as column- or onion-shaped. The demographic differences in 
the population structures of Kenya and Italy are shown in Fig. 3 (data 
source PopulationPyramid.net [45]). Kenya has a broad base of young 
people while in Italy a large proportion of the population is over 50 years 
and thus at an increased risk for COVID-19 with poor outcome compared 
to Kenya. Roughly 24% of the population of Italy is over 65 years, by 

contrast this percentage in Kenya is 2% (Fig. 3). The slum population 
structure may also differ from the overall country population (Fig. 4). 
Younger people may become infected, but they are much less likely to 
become severely ill and die than older people. Comorbidities including 
obesity, hypertension and diabetes have been identified as predictors for 
poor outcome of COVID-19 [46]. Slum populations may have some 
distinguishing features compared with the overall country population 
(Fig. 4). The overall national population structure (e.g. Kenya, 
Bangladesh) [45] is not representative for slum populations which tend 
to be younger (Kenya [47] and Bangladesh [48]) and predominantly 
male (Kenya [47] only). Reflecting the purpose of slum areas, which is to 
house predominantly males of working age seeking a livelihood in the 
city, younger children and females of all ages may be comparatively less 
represented in slum population. The low numbers of older adults lessen 

Fig. 4. A comparison of country and slum-area population structures. The overall national population structure (e.g. Kenya, Bangladesh)42is not representative for 
slum populations which tend to be younger (Kenya 44and Bangladesh 45) and predominantly male (Kenya 44only). 
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some of the morbidity and mortality of the pandemic in slum areas [49]. 

4.3.2. Mobility 
Slum populations are mobile. Young people who see limited oppor-

tunities to gain an income in their rural homes, migrate to low-cost 
informal, housing close to urban centres. Young migrants try to 
generate sufficient income to afford trips to their rural ancestral villages. 
Rural households may still depend on migrating household members for 
seasonal agricultural activities such as harvesting, leading to circular 
rural-to-urban-to-rural migration patterns. For example in two urban 
slums in Nairobi a quarter of the total population and a third of the 
younger population (15–30 years) are renewed annually [50]. Once 
there is a threat of an outbreak or perhaps even more worrying a lock-
down, migrants may prefer to return to their village homes. Urban to 
rural flight has the potential to reduce the crowding in urban centres and 
provide a form of self-quarantine for slum dwellers in rural villages but 
mass urban to rural migration carries the risk of spreading the disease. 
Outbreak-related, urban to rural migration has been documented in 
Thailand during the COVID-19 outbreak. The announcement of 
wide-ranging business closures by the governor of Bangkok on 21 March 
2020 triggered a mass movement of migrants from Bangkok, to their 
ancestral provinces or countries [51]. Although the spread of COVID-19 
infections from urban to rural areas was not detected in Thailand, it is of 
concern in India [52]. 

4.3.3. Treatment seeking behaviour 
The detection of COVID-19 related morbidity and mortality, (outside 

of active case detection studies) depends on the patient coming forward 
to present to a health care provider. Treatment seeking behaviour de-
pends not only on availability, i.e. the healthcare infrastructure but also 
on socio-economic, demographic, and geographic factors. The preva-
lence of childhood illnesses is often higher in urban slums than rural 
areas, but those living in urban slums have easier access to health care 
and are more willing to seek treatment for childhood illnesses than those 
living in rural areas [41]. Less is known about the treatment seeking 
behaviour for adult illness. This is critical for COVID-19 as morbidity 
and mortality increases with age. An analysis of the Indian national 
sample survey found that only a fraction of people over 60 sought 
medical assistance for medical complaints [53]. A study in Bangladesh 
found that older people considered many diseases an integral part of 
ageing which cannot and should not be treated [54]. It stands to reason 
that a variable fraction of COVID-19 related morbidity affecting the 
elderly goes undetected simply because the patients do not come for-
ward. In a number of countries annualised mortality data will show 
increased mortality in 2020 compared to earlier and later years attrib-
utable to COVID-19. This may be especially true if health care providers 
cannot provide curative treatment and the consequences, extended 
isolation in unfamiliar settings appear worse than the status quo. 

5. Discussion 

The government response to COVID-19 in many informal settlements 
has been strict lockdown [42,55]. In areas defined by mobile pop-
ulations and those dependent on a daily wage, this strategy may not be 
feasible for a sufficiently long period of time to make an impact on 
transmission. Until the SARS-CoV-2 is controlled by herd immunity and 
hopefully vaccines there remains a risk that outbreaks will flare up in 
informal settlements. We look here at short and longer-term approaches 
to minimise the risk of urban outbreaks and strategies to minimise the 
impact once outbreaks are ongoing. 

5.1. Immediate practice 

5.1.1. Community organisation 
To be effective communities have to be organised existing commit-

tees should be activated to include COVID-19 issues or new ones elected 

to inform and network the residents, represent community interests in 
the larger municipality and advocate for the community’s welfare [56]. 
Historically, top-down directives have been less than successful in 
informal settlements where they are ignored or even suspected to be a 
government ruse to clear the area. At the very least for the duration of 
the lockdown it is vital for evictions to be suspended and to provide the 
basic needs for residents in informal residents. Planning committees 
need to organise donations including foodbanks and assure a fair dis-
tribution of essential foodstuff. The committee needs to encourage the 
community to abide with feasible precautionary measures (e.g. face 
masks) and negotiate with the municipality government to ensure that 
there is no interruption in the provision of basic utilities, namely elec-
tricity, water supply, sanitation, and solid waste removal. The com-
mittee has to assure the training and deployment of community health 
workers who liaise with the quarantine stations (below) to facilitate the 
appropriate and safe transfer to the quarantine stations and return to 
their homes. 

5.1.2. Quarantine stations 
People known to be infected or highly likely to be infected need to be 

provided immediately with adequate space for quarantine to avoid 
disincentives to testing and reporting of COVID-19 infections. Adjacent 
facilities such as schools and gyms can be repurposed to provide triage 
and “community care centres”. These community care centres have to be 
clean, dry, warm, and soulful – yes, soulful spaces where infection 
control is feasible [57,58]. South Africa, with an extensive experience in 
the community management of TB and HIV infections, is leading the 
way on how such centres can and should be structured [59]. There is a 
need for an integrated community kitchen, space to process community 
donations and distribute surplus with the neediest. Quarantine stations 
have to be structured in a way that the healthy (using practical personal 
protective equipment) can interact with patients without risking 
becoming infected which is a major challenge. If the quarantined feel 
punished it is unlikely that they will agree to complete their quarantine 
nor recommend others to undergo the experience. How this can be 
achieved remains a major challenge but deserves prioritisation. 

5.1.3. Urban infrastructure 
In view of potential disease transmission via fomites and the well- 

recognized importance of hand hygiene, the provision of safe water 
and sanitation takes on a new importance public transport can be a 
critical transmission point and providing more spacious public transport 
is needed. More people around the world are willing to bicycle to work. 
Athens, Greece has allocated 50,000 square kilometres of public space 
for cyclists and pedestrians [60]. Dublin, Ireland, has implemented the 
Dublin City Covid Mobility Programme [61] and Bogota, Columbia has 
opened 76 km of bicycle lanes [62]. In the current situation appropriate 
public transport may be lifesaving. More flexible working hours can 
reduce the risk of exposure by allowing employees to travel during the 
least crowded hours of the day. Similarly regulating markets and 
communal spaces can help minimise crowding. 

5.2. Intermediate requirements to control outbreaks 

5.2.1. Define the current exposure 
It is important to estimate how many people in geographically 

defined, high-risk communities are infected. Detecting ongoing COVID- 
19 cases requires that patients come forward and present at health care 
centres. This will only happen if the population is aware of the signs and 
symptoms of COVID-19 and the sum of benefits of a visit to a health care 
provider outweigh the potential negative consequences of a COVID-19 
diagnosis. Providing appropriate centres where patients can be tested 
for acute SARS-CoV-19 infection by RT-PCR should be a priority. 

5.2.2. Understanding the exposure 
It is critical to understand which proportion of slum populations had 
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exposure to SARS-CoV-19 as manifested by antibody seroconversion. 
Although COVID-19 serologic tests are under development, many 
questions remain about the characteristics and duration of antibody 
response. The WHO has developed a population-based age-stratified 
seroepidemiological investigation protocol for SARS-CoV-19 infection 
[63]. But there is little guidance regarding the specific sampling 
frameworks that could investigate real exposure including high risk 
individuals such as health care workers compared with lower risk in-
dividuals. It would be most helpful if standardized sampling frameworks 
for informal urban settlements would become available to allow the 
comparisons between populations in different regions. 

5.2.3. Understanding the population 
The traditional approach to understand the dimensions of a com-

munity have been mapping and census. Both activities may provide 
useful information in well-established settlements but can be of more 
limited value in highly dynamic, mobile populations. Several ap-
proaches are now available for rapid mapping such as remote sensing 
with the use of LIDAR [64]. Especially multi-storey structures present a 
challenge for rapid assessment of potential COVID-19 hotpots that can 
be addressed 3D-terrain models [37]. Alternative low-tech approaches 
include community mapping, which is more time consuming but can be 
combined with census activities and thus not only provide a map but 
also estimates of the population size [65]. Ideally high- and low-tech 
approaches could be combined. Remote sensing provides a map which 
is then ground-truthed by community mappers who regularly update the 
census. Community mappers would be critical to detect urban to rural 
flight/migration and follow older community members. Potential civil, 
political and consent issues need to be taken into consideration in the 
conduct of population mapping and census. 

5.3. Longer-term changes to physical planning and structure 

There is no shortage of practical ideas how to improve and redesign 
urban slums blocked by a fundamental clash of private versus public 
interests. Not only do the residents want to stay where they are, 
powerful interests such as landlords and middlemen reselling basic 
utilities stand to lose if slums are moved or even disappear. Kibera, in 
Nairobi, Kenya perhaps one of the best studied slums globally has been 
slated for clearance since 2009 which at the present rate has been esti-
mated to take 1178 years [66]. 

Pandemics have been historic triggers for urban renewal and reha-
bilitation. The second plague pandemic is thought to have started in 
1347 and killed roughly a third of the European population [67]. But the 
bubonic plague was also a unique opportunity to introduce the radical 
urban improvements of the Renaissance including the clearing of squalid 
and cramped living quarters [68]. Paris was ravaged by cholera epi-
demics in 1832 and 1848. At the time the population density in the 
highly affected quarters, Arcis and Saint-Avoye (currently the third 
Arrondissement), was estimated to be 3m2/resident [69]. The danger-
ously unhygienic conditions in the highly affected quarters were 
important reasons for Napoleon III to appoint Georges-Eugène Hauss-
mann to rebuild Paris. Between 1853 and 1867 Haussmann not only 
replaced the old overcrowded quarters with large boulevards to provide 
“air and open space” and lined the boulevards with large “Haussmann 
buildings” for which Paris is known today, he also ensured that an 
appropriate infrastructure including a safe water supply and sanitation 
was available [69]. 

Cities can become accustomed to their slums to the point that 
affluent residents do not see the slum dwellers any longer. The COVID- 
19 pandemic has changed the urban landscape. Affluent residents have 
to realise how deeply they are inter-connected and ultimately dependent 
on people living in informal settlements who are at high risk for disease 
transmission. Social distancing may well be practiced by the residents in 
affluent homes but will be of limited success if for example, young, 
physically fit, domestic helpers sleep in a slum and bring the virus into 

the home without realizing it. Slums may seem to be an intractable 
problem, but instead accepting that there will always be slums, the 
communities have to asked what they want and what they need. The 
next step is to find solutions. Jason Corburn a slum expert from Berkeley, 
California suggests “placing cities’ highest budget, best designed, most 
beautiful new projects in the poorest, most neglected areas” [70]. A 
related strategy was used in Paris during the 1980’s with urban renewals 
focusing on green public spaces as drivers for urban regeneration. Some 
of the best known examples of this strategy are perhaps Parc Citroen, a 
former car factory and Parc de la Villette, the site of the huge Parisian 
abattoirs [71]. COVID-19 can mobilize an unprecedented willingness to 
overcomes vested interests and invest resources into the improvement of 
slums resulting in better living conditions. 

This paper does not attempt to be a systematic literature review but is 
a response to the evolving COVID-19 pandemic in the second and third 
quarter of 2020. More complete and accurate data will become available 
in coming months and years and may require revision of some of the 
ideas presented in this paper. Many aspects touched upon in this paper 
deserve a systematic literature review in the months to come but this is 
beyond the scope of the present paper. Similarly, the planning of facil-
ities for intensive care, oxygen, ventilators etc. is beyond the scope of 
this article. 

6. Conclusions 

The COVID-19 pandemic has touched nearly everybody, but some 
have been more affected than others. Older people are at increased risk 
for severe disease, while socially and economically disadvantaged 
populations are at an increased risk of becoming infected. Among the 
factors modulating the infection risk, crowding stands out but is difficult 
to quantify and even more difficult to address. Crowding is in many ways 
linked to socio-economic status and should be defined in terms of floor 
space/person rather than population density. Well-off people can afford 
more floor-space, can avoid public transport and work from home. Low- 
income populations do not have this freedom. People residing in 
informal settlements have to earn their daily wages or just leave their 
home during the hottest hours of the day to avoid the oppressive heat in 
their home. The built environment can play a critical role in minimising 
crowding and facilitating social distancing. The built environment has 
played historically a key role in the control of epidemics. The second 
plague pandemic led to the radical urban improvements of the Renais-
sance. Cholera outbreaks in the 19th century led to the Hausmann’s 
renewal of Paris. Improvements that can be achieved immediately 
including community organisation, opening of quarantine station, and 
better public transport by providing more trains and buses and 
increasing bicycle lanes. To interrupt transmission, it is critical to 
identify the populations and the geographic areas at highest risk for 
infections in order to direct interventions where they are needed most. 
Reducing the infection risks in the most affected populations ultimately 
serves the entire population. Only when the transmission in the entire 
population is interrupted can life return to normal otherwise there re-
mains the lingering risk of another wave. The Ebola Virus Disease 
epidemic taught us that the key to control and elimination of outbreaks 
is a community working together [72]. A fractured, divided population 
cannot fight a pandemic. 
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