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Introduction 
 
Since the beginning of the COVID-19 pandemic, multi-unit residential buildings (MURBs) have been of 
particular concern to both public health practitioners and MURB occupants. MURBs are distinct from 
other settings in that occupants have their own bathroom and kitchen and (theoretically) can limit their 
interactions more effectively than in other congregate living situations (dormitories, shelters, camps, etc). 
However, some interaction in common areas such as the elevators, stairways, and laundry rooms are 
difficult to avoid. Accordingly, homeowners’ associations and property managers have adapted public 
health guidance to MURBs. Examples include enhanced cleaning and disinfection of high-touch surfaces, 
limiting the number of people in the elevators and laundry rooms, and closing amenities like recreation 
rooms,1 as well as implementing mask mandates and imposing limits on private gatherings as ordered by 
provincial governments.   
 
To date, these measures appear to have been largely effective in preventing MURB outbreaks, in that 
public health has not encountered issues in this setting to the same degree as in congregate living or 
long-term care facilities. Transmission via close contact, most often between members of the same 
household, remains the most common means through which COVID-19 is spread.2 However, over time, 
there have been a number of reports in the media and academic literature of MURB outbreaks in which 
transmission may have occurred without close contact, suggesting a potential indirect or environmental 
route of transmission.  
 
The objective of this review was to scan the literature for MURB outbreaks that may have involved 
indirect or environmental transmission, and to examine how transmission routes were investigated and 
what was found. This document is intended to help public health practitioners: 1) improve their 
understanding of how building systems may (or may not) contribute to transmission of SARS-CoV-2; 2) 
learn about the environmental or other analyses to complement a thorough epidemiological investigation 
if indirect transmission is suspected; and 3) communicate effectively about the relative risks of indirect 
transmission in a MURB setting. 

Literature search methodology 
 



XXXXXXXX 1, 2020 

March 24, 2021 

 

National Collaborating Centre for Environmental Health 2 

 

 

For the purposes of this review, a “MURB outbreak” is an event in which SARS-CoV-2 appears to have 
spread among occupants without close contact, which is defined as 15 minutes (in a 24-hour period) of 
physical contact or interaction within a two-metre radius without personal protective equipment.3 
Transmission without close contact may also be referred to as environmental transmission or indirect 
transmission. 
 
The search was not limited to residential buildings. Quarantine hotels were considered because the 
purpose of these is to isolate occupants from each other and there is (presumably) very little interaction 
between occupants and staff. Hotels, student residences, and assisted living arrangements were excluded 
because although occupants have their own facilities, they are not restricted to their apartments or may 
be brought together by recreational amenities, social programming, care workers, etc. 
 
Two organizations (Public Health Ontario and NCCEH) collaborated in gathering evidence for this rapid 
review. Briefly, the review focused on MURB outbreaks due to SARS-CoV-2 (January 2020 to March 2021; 
however, complementary literature (e.g., other coronavirus MURB outbreaks) were sought within a 
period spanning 1946 to February 2021. Only English-language documents were included. Full details of 
the literature search are available upon request. 

Documented MURB outbreaks and strength of the evidence 
 
This literature search identified only four published MURB outbreaks with suspected indirect SARS-CoV-2 
transmission (Table 1). Of these, only one event, covered by both Kang et al.4 and Lin et al.5, provided fair 
evidence to rule out person-to-person transmission and support the proposed indirect route of 
transmission. The evidence for the remaining three events was weak, as neither the proposed route of 
exposure could be supported, nor could other routes be ruled out. Three of the studies occurred in 
Guangzhou, China, which is host to both the Guangzhou Center for Disease Control and Prevention and 
the Guangdong Provincial Center for Disease Control and Prevention. This is significant because it reflects 
the fact that proximity to expertise is often a critical factor in whether an event can be investigated in 
detail.  
 
A number of MURB outbreaks have been reported in the media (Table 2). However, these reports do not 
provide sufficient detail to understand whether transmission has occurred because of some failing related 
to the building, or whether it was to be expected given interactions or direct contact among occupants, 
either inside or outside the building (i.e., residents also attend the same workplace or place of worship). 
Incidents reported in the media will not be discussed further in this document. 

Suspected causes of MURB outbreaks 
 
Enclosed spaces and high-touch surfaces. The most commonly suspected causes of the MURB outbreaks in 
Tables 1 and 2 are aerosol transmission in enclosed shared spaces and fomite transmission from high-
touch surfaces. Unfortunately, these two factors are often united, e.g., elevators, laundry rooms, and 
stairways with frequently touched surfaces and controls. However, transmission in shared spaces can be 
difficult to investigate because people are unlikely to remember their movements in minute detail. In 
addition, common areas are regularly cleaned, especially if an outbreak is declared, such that evidence of 
the virus will have been removed. One strategy may be to swab “no-touch” surfaces (e.g., elevator walls 
rather than buttons), which would capture deposited aerosols, but may not be cleaned.6 
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Indicators that an elevator in particular may be been involved are as follows: 1) shared elevator use 
among cases, masked or unmasked; 2) all cases clustered to floors/portions of a building served by the 
same elevator (pressed the same buttons or via respiratory particles); or 3) cases distributed randomly 
but increasing in frequency higher up in the building (transmission via respiratory particles more likely 
when occupants ride longer with each other). Dbouk and Drikakis provide a useful animation 
demonstrating how quickly droplets from a mild cough can disperse throughout the elevator cabin, 
meaning that riding together unmasked would result in some degree of exposure.7  
 
From the outbreaks noted in Table 1, two studies have attributed MURB outbreaks to transmission within 
elevators.  Liu et al.8 investigated a cluster of 71 cases initially discovered within a hospital in April 2020; 
the outbreak was then traced backward to a MURB.8 Genome sequencing revealed that the strain 
involved was one not known to be circulating in China. However, the building was also home to a woman 
who had recently returned from the US in March. Although she had quarantined alone and tested 
negative twice during her quarantine, subsequent antibody testing revealed that she had been infected 
with SARS-CoV-2. The only indirect connection between her and the first member of the larger cluster 
was that they typically used the same elevator. The time and date of the presumed exposure was not 
determined and it is unclear whether it was possible to obtain a sample from the traveller to confirm via 
sequencing that she was indeed the first case. 
 
In the second study, Xie et al.9 identified a link between the two infected households based on elevator 
use. On one specific occasion, the index case from the first infected household entered the elevator and 
then blew his nose into his hands. He then pressed the button for his floor. After leaving the elevator, 
another person who lived on the same floor entered the elevator within two minutes, touched the same 
button and then directly afterward picked his teeth with a toothpick. No one else used the elevator 
during that two-minutes interval. How the authors arrived at this detailed timeline is unclear, but they 
may have relied upon elevator security footage. Because only 24 of 40 households in the building were 
tested, other sources of exposure in the building (or the community) could not be ruled out. Nor did the 
authors address the possibility that respiratory particles from the nose-blowing action were not in fact 
the means by which the next occupant was infected. 
 
Faulty ventilation systems. Ventilation refers to the intentional exchange of stale air for (presumably) 
cleaner air, which may be achieved through passive means (natural ventilation) or by the use of fans and 
blowers that force air through ducts (mechanical ventilation or HVAC). Under normal operations, heating, 
ventilation and air conditioning (HVAC) systems, are intended to promote the health and comfort of 
occupants by exchanging stale indoor air for fresh outdoor air, without causing noticeable drafts, 
moisture buildup, or thermal discomfort. Although HVAC systems are designed to a comfort standard, 
they can also provide a health benefit by reducing the concentrations of indoor pollutants, including 
bioaerosols.10 For example, recent work showed that dormitories served by mechanical ventilation 
providing 100% outdoor air experienced far fewer acute respiratory infections than occupants of 
dormitories without mechanical ventilation (passive infiltration only).11  
 
During the pandemic, however, HVAC systems have been considered as a potential source of 
contamination, rather than a way to mitigate transmission risk.12 There are two key concerns around 
HVAC systems. The first is the use of re-circulated air, which is a necessary feature of some HVAC 
systems, as continuously heating/cooling 100% outdoor air can be cost prohibitive or simply beyond 
design specifications. The concern is that stale air carrying a viral aerosol could be collected from one 
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room and delivered to other rooms connected to the same air handling unit, spreading the virus if not 
removed through filtration or some other air cleaning device. To date, there is no evidence of HVAC 
systems facilitating transmission in this way. There have been instances in which SARS-CoV-2 virus has 
been detected in filters and in ducts,13-15 which is exactly where one would expect virus to end up after 
having been drawn out of the room. However, there is (currently) no evidence of transmission occurring 
across different rooms or zones of a building through the HVAC ductwork. 
 
The second concern regards the number of air changes required to prevent disease transmission. 
Although too few air changes and not enough fresh air may be insufficient to clear the air in a single 
room, too many air changes may either speed the distribution/mixing of respiratory particles in a single 
room, or increase their presence in connecting rooms, at least over the short term.16 Indeed, the 
literature now shows several examples in which lack of fresh air, drafty air flow caused by devices, or 
some combination thereof have led to what appears to be SARS-CoV-2 aerosol transmission among 
people sharing the same room.17-20  
 
But can HVAC systems facilitate transmission in a MURB? MURBs are designed such that air does not 
intentionally flow between units; this is necessary to control odours as well as smoke in case of a fire. 
Thus, a properly functioning HVAC system is a key tool in preventing transmission, rather than a potential 
route of cross-contamination. However, it is not a given that a building’s HVAC system will be functioning 
properly. Not only do HVAC systems require regular maintenance, but it is widely acknowledged that a 
large portion of Canada’s older MURB building stock, which is reliant on a system known as corridor 
pressurization, may be drastically underventilated.21 Without sufficient air flow to and through individual 
units, the potential for issues related to unintentional air flows and contaminant transfer increases (next 
section). 
 
Apart from MURBs, there are a limited number of instances in which HVAC systems may have contributed 
to other outbreaks. Chirico et al.22 looked at 14 such incidents, all in Asia, in which aerosol transmission of 
SARS-CoV-1, MERS, or SARS-CoV-2 appeared to have occurred in hospitals, workplaces, restaurants, or 
other community settings. Of these, the authors identified six that appeared to be substantiated by 
evidence. It is also important to note that where “ventilation” was implicated, the issue was typically 
unbalanced or drafty HVAC air flow that carried the virus to other people sharing the same room, and not 
through the HVAC ductwork to other zones.23,24 Others did not involve an HVAC system at all, but rather 
strongly directional air flow created by stand-alone air conditioners with no fresh air intake.17,18 Thus, 
although HVAC systems may play a limited role in outbreaks outside of a MURB setting, this role remains 
poorly understood and is likely still infrequent. 
 
Air leakage or unintentional air flows. The ability to contain respiratory particles or any pollutant to a 
MURB unit is dependent upon air flowing predictably from cleaner to progressively more dirty space, 
typically driven by an HVAC system. However, there are other forces at work in a MURB that may cause 
air to flow unpredictably and to “leak” into other units.21,25,26 The first natural force is the stack or chimney 
effect, which occurs when warm air rises through the interior of the building, causing air to be drawn in 
through the envelope in the lower parts of the building and pushing air out of the upper floors. The 
second is the wind, which when it blows against a building can create a positive pressure on the 
windward side and a negative pressure on the leeward side, causing horizontal flow through the interior 
of the building and turbulent flows up and down the outside of the buildings.27  
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A growing body of literature has described how wind, indoor/outdoor temperatures, and buoyancy or the 
stack effect might contribute to disease transmission by connecting the air volumes shared by occupants 
of different units. This work, primarily based on tracer gas studies and modelling, shows the myriad ways 
through which air might exit one unit and re-enter another through exterior windows or other apertures, 
either vertically27 or horizontally.28 In addition to the risk of spreading a contagion, this leakiness has 
implications for the transfer of other pollutants (e.g., secondhand smoke) as well as effects on thermal 
comfort and energy efficiency.21 Mechanical ventilation systems, if they are present, attempt to 
overcome these natural forces by using fans and ducting to deliver air where needed. However, actual 
“state of ventilation” at any given moment is the sum total of these mechanical and natural forces and 
can change on an hourly basis.25  
 
There are a number of indicators that may signal that transmission may be related to unintentional air 
flows: 1) all cases clustered together on the same floor; 2) index case on the windward side of the 
building and clustering of cases on the leeward side; or 3) cases distributed vertically on one side of the 
building and the windows of affected units habitually left open (vertical cascading due to the stack 
effect).27  
 
This search revealed only one study in which it appears that a natural ventilation shaft (not part of an 
HVAC system) was subject to an unexpected reversal of air flow that may have led to transmission in a 
MURB. Hwang et al.29 investigated an outbreak in which all of the 10 cases were clustered closely to each 
other in two adjacent columns, with two cases in one column and five cases in the other. In each column, 
the units were connected either horizontally through shared walls or vertically through a ventilation shaft 
opening into the bathroom of each unit. The bathrooms did not have exhaust fans, meaning air flow in 
the ventilation shaft was passive. The ventilation shaft does not appear to have been connected to a 
toilet. The authors postulated that virus-laden particles travelled out of one bathroom and into others 
driven by the naturally occurring stack effect. In addition, very hot outdoor conditions could have also 
caused a reverse stack effect (downward flow) to affect units below.  
 
Although it is striking that the seven affected households were contained within two vertical columns of 
apartments, connected vertically through a bathroom ventilation stack, the study did very little to confirm 
their hypotheses beyond mapping the cases (e.g., air flow analyses or genome sequencing to link the 
cases). Additional analyses would have helped to solidify the conclusion that indirect transmission 
occurred via the ventilation shafts, especially given that the residents exposure outside of the building 
was unknown. Even so, this event serves as an excellent example of how mapping cases within the 
building can signal the need to expand upon the basic epidemiological investigation with complementary 
environmental analyses. 
 
Faulty plumbing stacks. Since the discovery of SARS-CoV-2 in anal swabs and fecal samples,30 and limited 
air sampling data from a mobile hospital toilet,31 there has been concern that fecal-to-respiratory 
transmission could occur under conditions where fecal materials are aerosolized. Although most of this 
concern has focused on public washrooms and the generation of “toilet plumes,”32 the other potential 
route of fecal transmission is contaminated air flowing inappropriately through the plumbing that 
connects units. The key indicator of such an event would be that all affected households (or more 
specifically bathrooms) are connected vertically through the plumbing stack. 
 
A “plumbing stack” refers to the interconnected drainage and ventilation pipes that run vertically down 
the interior of the building. Configurations may vary; a typical configuration involves one or two “soil” or 
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“drain” stacks that collect blackwater and/or greywater, respectively, which are then cross-connected to 
an air-filled ventilation stack or “vent stack.” The purpose of the vent stack is to exhaust odours, and to 
also equalize pressure between the plumbing and the outdoor environment so that the soil and drain 
stacks can flow freely and noiselessly. Although plumbing stacks vertically connect all the units built over 
top of one another, the stacks and associated plumbing are designed to ensure that gas/odours cannot 
flow backwards into the individual units (e.g., through water-filled drain traps or other mechanisms). 
However, cross-contamination is possible in cases where the plumbing has been altered or if drain traps 
are allowed to dry out.  
 
The most famous case of this is the Amoy Gardens SARS-CoV-1 outbreak (Hong Kong, 2003) in which 
aerosolized fecal matter was drawn through modified plumbing (assisted by an overpowered exhaust fan) 
and then expelled from the unit and carried on the wind to infect others in a nearby housing tower.33 In 
total, 321 people were infected and 42 died. It should be noted that this particular incident required a 
number of factors to come together, and the exact mechanism remains contested,34 but it was an 
important example of how a respiratory agent can opportunistically transmit via a fecal-respiratory route, 
originating from the plumbing.  
 
During the current COVID-19 pandemic, Kang et al.4 and Lin et al.5 used a combination of air flow 
analyses, meteorological analysis, tracer gas studies, and CFD modelling to separately examine the same 
outbreak in a 29-floor block of a large MURB in Guangzhou, China. Together, the two studies indicated 
that virus deposited into the toilet was aerosolized into the soil stack (due to agitation while flushing) and 
was then borne upward through the soil stack or through cross connections into the ventilation stack. The 
viral aerosol was then drawn into the connected upper-floor washrooms through unsealed drain traps, 
which survey data suggested were typically left dry. Movement through drain traps was facilitated by 
both the negative pressure in the bathrooms created by wind effects, as well as impeded egress of air 
through an inappropriately modified ventilation stack opening at the top of the building. Although the 
studies did not isolate viable virus in aerosol form moving through the pipes (which is extremely unlikely 
after infected cases have been removed), the published studies provide fair evidence that air was able to 
move between bathrooms. Sequencing of the SARS-CoV-2 S gene indicated that all three affected units 
were infected with the same strain. 
 
The evidence appears to suggest that SARS-CoV-2 could spread via plumbing stacks given a combination 
of favourable conditions. But how likely is this to occur? Shi et al.35 used data from the Amoy Gardens 
outbreak and data from the current pandemic to perform a quantitative microbial risk assessment of 
transmission from fecal aerosols. In their model, Shi et al. consider two exposures: using the same 
bathroom as an infected person who has just flushed the toilet or being exposed to fecal aerosol from 
another apartment via a flaw in the plumbing stacks. The model revealed that the risk of developing 
COVID-19 from a single day of exposure under either condition was extremely low: 1.11 x 10−10 for 
exposure to a toilet plume and 3.52 x 10−11 for exposure due to faulty plumbing. However, their model 
only considered exposure over a single day, among other issues with estimating exposures to fecal 
aerosols.  

Strategies to investigate indirect transmission 
 
The studies included in this review used a number of strategies and environmental analyses to investigate 
indirect routes of transmission. However, these analyses do not replace the necessary epidemiological 
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investigation. Rather, they may be useful if or when the epidemiological investigation has been thorough, 
but gaps or other anomalies in the chain of transmission remain. 
 
Mapping affected households. Physical connections between affected households can help to understand 
whether the epidemiological investigation should be expanded to include indirect or environmental 
transmission. Mapping affected households with respect to the physical infrastructure, such as plumbing 
stacks, air ducts, or adjacent open windows, as well as their position in the landscape (vertical height, 
wind direction, incident heat), can provide important information regarding potential routes of 
transmission.  
 
However, understanding how units are connected to each other can be difficult without access to 
building plans and the expertise to interpret them. Expert reviewers for this paper suggested bringing in a 
building systems expert to interpret the schematics and to visually inspect the building and flag potential 
issues. Issues might include modifications to the original design, the presence of obvious flaws or 
apertures that might allow air leakage, or a general state of disrepair. This type of “first pass” inspection 
can be helpful to know whether more detailed analyses of the building systems are required. 
 
Epidemiological investigation. One of the key concerns with outbreaks attributed to indirect transmission 
is that the epidemiological investigation was simply insufficient to identify the more likely person-to-
person transmission, especially given the frequency of asymptomatic individuals infected with SARS-CoV-
2. Although detailing the steps of an outbreak investigation36 is beyond the scope of this document, an 
expert reviewer suggested the following best practices: 

• Make every effort to find the first case in the chain of transmission, which may not be the index 
case; 

• Make every effort to find all cases to date (both suspected and laboratory-confirmed), and 
carefully identify dates of onset and symptoms during the first three days of illness; 

• Identify likely cases of person-to-person transmission, including family members, roommates, 
and those with extensive social interactions; 

• Spend equal effort to identify all non-cases by creating a complete building census and testing 
widely;  

• Note that patterns and/or routes of transmission may change over the course of an outbreak. 
This can be scrutinized by first breaking cases into sub-clusters or blocks (as a default, two-week 
blocks of cases) and then searching for connections to cases in the preceding block via shared 
activities, social networks, and building characteristics. Develop hypotheses to best fit 
transmission during that block of time; 

• Use surface swabbing for viral RNA to confirm key transmission points, being aware that it can be 
difficult to detect a signal due to the passage of time, too many other hands having touched the 
surface, and/or cleaning before sampling can occur. 

 
Video surveillance was used by both Lin et al.5 and Kang et al.4 to examine with whom cases interacted 
and for how long while using the elevator for the same outbreak. Although members of the first infected 
household rode the elevator with another person on three occasions (while wearing a mask), none of 
these people became ill. Even when cases rode the elevator without a mask, researchers were able to 
ascertain that no one using the elevator within the next 30 minutes had contracted the disease. Because 
residents used a security swipe card to command the elevator (i.e., no button pressing), it appears that 
neither common surfaces nor transmission via respiratory particles in the elevator played a role in this 



XXXXXXXX 1, 2020 

March 24, 2021 

 

National Collaborating Centre for Environmental Health 8 

 

 

particular outbreak. It should be noted that these types of physical surveillance activities are time-
consuming to review and may also raise privacy concerns. 
 
Environmental sampling. Outbreak investigations have frequently made use of surface swabbing37 and air 
sampling,38 both to investigate the route of transmission and to ascertain whether there is a risk to other 
occupants. However, environmental sampling may provide only limited insight into the outbreak, for two 
reasons. First, the presence of viral RNA in the air or on surfaces does not necessarily mean that another 
person was infected, as transmission may have occurred in other (or multiple) ways. Second, the 
presence of the virus may be difficult to detect.  
 
Dumont-Lelonde et al.6 collected one aerosol and two surface samples from the rooms of 31 COVID-19 
patients in a number of long-term care facilities.  Although sampling occurred over four hours and at only 
a two-metre distance from the infected patient, none of the air samples contained a detectable amount 
SARS-CoV-2 RNA. The authors attributed this to either degradation during sampling and/or the general 
decline in viral RNA in the respiratory tract as the disease progresses. Importantly, however, about a third 
of the surface samples were positive for viral RNA, including “no-touch” surfaces (e.g., door frames and 
high shelves) that were out of the ballistic range of droplets. This indicates that a short-lived aerosol had 
been generated, but perhaps not at a rate high enough to be detectable through a 4-hour sampling 
period. Swabbing no-touch surfaces may in fact be a better indicator that respiratory particles were 
present at some point in time rather than attempting air sampling after the fact.  
 
Surface sampling may also fail to detect virus due to factors like the passage of time, the number of other 
hands that have subsequently touched the surface, and frequent cleaning. Xie et al.9 did extensive air and 
surface sampling in the elevator and two households involved in an outbreak. Air sampling detected no 
viral RNA, which was to be expected given that those infected had already been hospitalized three to six 
days prior. However, only one of 31 high-touch surfaces tested positive (front door handle of an affected 
unit) as all the remaining surfaces had been repeatedly cleaned. Experiences like this show that air and 
surface sampling may provide limited insight into an outbreak. 
 
A notable exception to this is described in Kang et al.4, who performed surface sampling in the bathroom 
of an apartment that had been unoccupied since roughly November 2019 (pre-outbreak and perhaps pre-
pandemic). The working hypothesis was that plumbing stacks had provided a route for fecal aerosols from 
a lower floor apartment to rise up and infect two other apartments 10 floors above; if this were true, 
SARS-CoV-2 RNA might also be present in other units connected to the same stack. In fact, a combined 
swab of the shower switch, wash basin and faucet in the connected 16th floor bathroom revealed viral 
RNA, supporting their plumbing stack theory. This assumes that the unit was truly unoccupied and that 
there were no other means that contaminated air could have been drawn inside (e.g., bathroom windows 
were closed). 
 
Air flow analyses. Two studies examined whether air was able to move in and out of vertically connected 
units through the plumbing stack. Lin et al.5 used a relatively inexpensive thermal anemometer, which is 
typically used to measure air speed in ventilation ducts, to measure air speed just above the bathtub and 
floor drains in upstairs units. The authors found that flushing the toilet in the “source” apartment 
simultaneously increased air speed over bathroom drains in upstairs suites, which had been drained to 
allow air flow through.  Lin et al.5 followed this with multiple tracer gas experiments. In the first, 
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chloroform and carbon tetrachloridea were poured into the floor drain in the “source” apartment; gas 
samples were then collected in two units above (but not below) the source apartment 30 and 60 minutes 
later. Intrusion was most severe in one bathroom that had a dried drain trap. In the same outbreak, Kang 
et al.4 injected ethane gas into the toilet of the “source” apartment and demonstrated that the gas was 
detectable in the bathrooms both above and below the index case’s home.  
 
Further investigation by Lin et al.5 found that the ventilation stack had been inappropriately modified in 
the top-floor apartment. The pipe had been reduced in diameter and re-routed through a 90° angle, 
which would impede air flowing up and out of the stack. A second set of tracer gas experiments was 
conducted in an unmodified stack and found that no tracer gas was detectable in the upstairs apartments 
after 30 or 60 minutes. Taken together, these two studies of an outbreak in a Guangzhou MURB provide 
fair evidence that air was able to flow from one bathroom to another via the plumbing stacks. In the 
absence of evidence demonstrating actual viral aerosols travelling the same path (impossible to collect 
after the fact and inadvisable to re-create), genome sequencing linking all three households suggests that 
this did indeed occur. 
 
For further useful information on air leakage analysis in MURBs, please see Lozinksy and Touchie.21 
Resources for controlling air leakage are provided by the Canada Mortgage and Housing Corporation.26  
 
Computational fluid dynamics is a science that seeks to model or predict the movement of fluids (in this 
case, a gas bearing virus-laden aerosols) in an enclosed space based on the boundary conditions created 
by various surfaces and in accordance with the laws of thermodynamics. Although CFD modelling may be 
considered a somewhat resource-intensive endeavour in terms of computing power and sourcing the 
appropriate expertise, it can be extremely useful to test hypotheses regarding flows from A to B. 
Furthermore, the ability to visualize those flows is extremely valuable for communicating risk and for 
devising appropriate interventions. Kang et al.4 used CFD modelling to estimate the pressure within 
bathrooms due to wind effects, finding that the affected suites were at negative pressure and were likely 
to have drawn in air through the drain trap. This information and the accompanying visual were a useful 
means to unite the various data sources in support of their proposed route of transmission.  

Contextualizing the risk of MURB outbreaks and appropriate risk 
mitigation measures 
 
This review suggests that plumbing stacks, as well as air flow between units driven by natural forces such 
as the stack effect and the wind, may pose a risk of indirect transmission in a MURB. However, given the 
vast numbers of people (and COVID-19 cases) that are housed in MURBs, the scarcity of documented 
incidents suggests that such events are rare. More such events have probably occurred, and either have 
not yet been published or were not fully investigated. Even so, MURB outbreaks due to indirect 
transmission do not appear to have contributed significantly to the pandemic.  
 
Indirect transmission in MURBs is rare, but concern around this issue is high, especially given the spread 
of SARS-CoV-2 variants of concern.39 Although the risk of indirect transmission is low, the following 
precautionary measures should be considered as general measures to support occupant health. 

                                                            
a Given that these substances are toxic and malodourous, they should not be used if other units on the stack are still 
occupied. 
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Reinforce public health measures. The most important means to prevent transmission within MURBs is to 
limit the most common cause of transmission (close contact) by preventing gatherings and limiting 
occupancy of shared spaces. Managers must also maintain enhanced cleaning programs and continue 
engaging occupants on other standard public health measures, like hand hygiene and mask use. Due to 
“pandemic fatigue,” it may be necessary to periodically refresh communications strategies to sustain 
occupant engagement. The World Health Organization has created resources to address this serious 
challenge.40  
 
Ensure that building systems are working as intended. A properly maintain HVAC system is critical for 
supplying fresh air and removing stale or contaminated air. In older buildings dependent on corridor 
pressurization, HVAC is also critical for maintaining air flow and pressure differentials such that 
contaminated air from a suite does not leak into the corridor. Similarly, plumbing stacks need regular 
cleaning to ensure that wastewater can flow and that neither wastewater nor air can inadvertently 
backflow into bathroom or kitchen fixtures. The World Health Organization41 and ASHRAE42 have provided 
detailed technical resources for pandemic ventilation in MURBs; the same level of resources are not 
available for plumbing stacks.   
 
Encourage residents to open windows. Opening windows to increase natural ventilation and reduce the 
risk of transmission within households has been a key public health recommendation since the beginning 
of the pandemic.43 In high-occupancy settings, simply opening a window can greatly increase air exchange 
and reduce the presence of respiratory particles, leading to an overall decrease in transmission risk.44,45 
However, as suggested by two outbreaks here, air pushing through the building envelope can affect 
interior pressures and may result in contaminated air flow between units. This may be exacerbated by 
one or more units opening windows. Nevertheless, because household transmission remains a much 
more common cause of COVID-19, window opening should be encouraged as much as possible.  
 

Conclusions 
 
Public health orders related to quarantine and self-isolation have assumed that these practices can be 
carried out safely in condos and apartment buildings, and in the vast majority of cases this is true. 
Although several MURB outbreaks been published, these incidents appear to be rare given the vast 
number of people housed in MURBs. The studies reviewed here suggested that exposure via shared 
elevators and passive air flows through plumbing stacks could have led to SARS-CoV-2 transmission, but 
assessment of these routes was cursory (in most cases) and potential transmission from the surrounding 
community poorly assessed. Although a number of environmental analyses were employed, these 
analyses served to test hypothesized routes (i.e., what might have happened) rather than to confirm how 
transmission happened in fact.  Nevertheless, these highly unusual cases are useful to increase 
mindfulness regarding the complex but often invisible building systems that play such a critical role in a 
healthy indoor environment. The data suggest that continuing standard public health measures paired 
with good building maintenance will help to keep MURB occupants safe in their homes.  
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Table 1. Published MURB outbreaks involving suspected indirect transmission from January 2020 to March 2021. 
Study Location 

(Approx. 
Date) 

Total Cases Details Proposed Route of Transmission 

Hwang et 
al.29  

Seoul, South 
Korea 
 
(August 2020) 

10 cases in 7 
households. 
Tested 437 
residents in 267 
households in a 
15-floor MURB 

Epidemiological survey revealed some cases had not used 
the elevators and all wore masks outside their homes. 
Mapping revealed all cases aligned in two vertical 
columns on one side of the building. Unclear whether the 
duct was an actual natural ventilation shaft or a 
ventilation stack cross-connected with the drains. Surface 
swabbing did not detect viral RNA on ventilation grilles or 
drains, but unclear where samples were taken. No air 
sampling performed. No genomic sequencing to link 
cases. 

Respiratory particles travelled through a 
passive ventilation duct connecting the 
bathrooms of affected households, located 
in two vertical columns on one side of the 
building. Unclear how virus jumped from 
one column to another. Transmission within 
the seven households assumed to be direct 
contact.  
 
Although the vertical distribution of affected 
units was striking, negative surface swabs of 
ventilation grills contradict proposed route, 
and no additional analyses conducted to 
verify this or exclude other routes.  

Kang et al.4  Guangzhou, 
China  
 
(January to 
February 
2020) 

9 cases in 3 
households out 
of 202 residents 
in 57 
households) in 
a 29-floor 
MURB. 
 
26 units 
unoccupied 
and 24 building 
staff 

Epidemiological survey revealed no contact among 
affected households. Mapping revealed that the master 
bathrooms of all three units were aligned vertically on 
same plumbing stack. Elevator usage was initially 
suspected but ruled out using video surveillance. 
Extensive surface sampling in units and common areas 
negative, except from source bathroom and vertically 
adjacent unoccupied bathroom; air sampling negative. 
Telephone survey revealed infrequent filling of drain traps 
or bathtub use. Tracer gas released into source toilet 
revealed gas penetration through to all affected suites on 
upper floors, and one below; water in the drain traps 
moderated but did not eliminate this flow. Wind direction 
analysis and CFD modelling estimated pressure 
differences in the bathrooms vs. exterior of the building 
during the exposure window that would have facilitated 
aerosol movement.  

Fecal aerosol travelled upward through the 
plumbing stacks and into two other 
households through dried drain traps, 
assisted by the creation of negative pressure 
in affected units due to the use of exhaust 
fans and/or being on the leeward side of the 
building that day. Transmission within the 
three households could have also included 
direct contact. 
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Lin et al.5  Guangzhou, 
China  
 
(January to 
February 
2020) 
 
 

Outbreak also 
covered by 
Kang et al.4 

Epidemiological survey revealed no direct contact; 
genome sequencing linked all cases to the same strain. 
Mapping revealed all units on the same plumbing stack 
with a modified vent outlet that would impede air flow. 
Residents of all non-affected units were moved to a 
quarantine hotel. Video surveillance used to rule out 
concurrent elevator use. One member of the third 
affected household did ride the elevator 8 min after two 
pre-symptomatic members of the index household rode 
without masks, but onset of symptoms did not support 
infection on this date. Air flow measurements over 
bathroom drains revealed surge of air when source toilet 
was flushed; air flow supported by multiple tracer gas 
studies. Comparison tracer gas study in a stack with an 
original, non-altered outlet showed no inappropriate air 
flow. 

See above. 
 

Xie et al.9  Guangzhou, 
China 
 
(January to 
February 
2020) 

5 cases in 2 
households, out 
of 61 residents 
in 40 
households 
 
14 security 
guards and 
janitors 

Epidemiological survey revealed no contact among affect 
households. Only tested 24 households out of 40. Air and 
extensive surface sampling of primarily the elevators, but 
also common areas and homes of infected. Only one 
surface (door handle of affected unit) tested positive. 
Elevator had been disinfected several times before 
samples could be taken. 
 
 

Fomite transmission occurred in the elevator 
button when one user blew his nose into his 
hand, touched an elevator button, and left; 
another person living on his floor then 
entered the elevator, touched the same 
button, and picked his teeth. Unclear how 
time-specific information on elevator use 
was obtained. Aerosol transmission while in 
the elevator was not ruled out. Many people 
within the building appear to not have been 
included in the investigation, so cannot rule 
out other sources of exposure. 

Liu et al.8  Heilongjiang 
Province, 
China 
 
(March to 
April 2020) 

72 cases 
beginning in a 
MURB and 
spreading to 2 
hospitals 

Epidemiological survey revealed no contact between 
assumed index case and larger cluster, except a 
(presumed?) shared elevator ride. Time and date of 
shared elevator ride not confirmed. No environmental 
analyses. Genome sequencing among larger cluster 
revealed strain not currently circulating in China (but was 
in US). Unclear if proposed index case provided a sample 
for genome sequencing to confirm linkage to larger 
outbreak. 

Fomite or respiratory particle transmission 
(shared elevator) 
Asymptomatic person recently returned 
from US believed to have transmitted the 
virus during an elevator ride to one other 
building occupant via respiratory particles. 
Remaining transmissions occurred through 
direct contact. 
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Table 2. Selection of suspected MURB outbreaks reported in the media from January 2020 to March 2021. 
 

Source Building Cases Proposed Route of Transmission and Other Details 
Government of Hong 
Kong 

Hong Mei House, 
Hong Kong 

2 cases in vertically 
aligned units, 10 floors 
apart 

Scarce details but noted that a plumbing vent had been inappropriately 
modified.46,47 Public advised to keep drain traps filled and close toilet lids 
while flushing. 

North Bay Parry 
Sound District 
Health48 

Skyline Lancelot 
Apartments, North 
Bay, Ontario 

42 cases, 3 deaths 
(ongoing) 

No information on transmission route. 15 of the cases were the “South 
African” variant of concern (B.1.351). 

Alberta Health 
Services49 

Verve, Calgary, AB 58 cases Droplet and fomite transmission in the elevators was suspected, as cases were 
somewhat clustered on higher floors on one side of the building. However, 
the role of HVAC systems and plumbing stacks were also considered.49  

Media report50 Lorentz Drive 
Apartments, 
Moncton, NB 

6 (ongoing) No information on transmission route. Property managers advised to increase 
environmental cleaning and limit access to shared areas to 1 person at a time. 

Media report51 Gottingen, Germany 120 cases Attributed to overcrowded apartments, but not clear what caused spread 
among apartment, or whether transmission could have happened outside the 
building and been brought home. 

Media report52 Apartment building in 
Bilbao, Spain 

33 cases, 6 deaths Attributed to shared elevators. 

Kang 202053 Apartment building in 
Gangdong-gu, South 
Korea 

2 cases Attributed to shared elevator and no mask use during personal interaction not 
meeting the definition of “close contact”. 
 

Media report54 Bengaluru, India 103 cases Group of residents attended a social function in the complex clubhouse. 
Media report55 Gurugram, India 19 cases Some residents attended a party outside of the apartment complex; however, 

spread may have continued within complex due to lack of physical distancing. 
Media report56 Harbour Lights 

Complex, Kahului, 
USA 

97 cases Some residents participated in a singing event; spread appears to have 
continued inside and outside of the building. 
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