Title: Not wearing your shoes in the house: scientifically
grounded or culturally influenced?
Introduction
It may sound trivial but the idea of not wearing shoes in the house has always puzzled me
from a young age. I remember how my parents would often scold me when I did not remove
my shoes before entering the house by saying that it was “unhygienic” and that I will “bring
the germs in and fall sick”. Perhaps it was likely due to my laziness and desire for
convenience but I would often respond to my parents’ chiding by saying there was no
problem especially when ‘Western’ households in countries such as the United States freely
allowed shoes to be worn in the house. It seemed to me that what my parents were saying had
no reasonable basis unless households in the “West” were plainly unhygienic and unsanitary
which was not the case. Hence, from a young age I came to the conclusion that not wearing
shoes in the house was purely based off cultural practices and traditions that we were
preconditioned to.
However, a recent trip I took to the United Kingdom in December of 2019 made me rethink
my views and consider whether there is actually any justification for not wearing shoes in the
house. This was because in one of the Airbnb apartments that I stayed in, the carpeted floor
was filled with imprints of visitor’s shoes and even had brown spots which in my opinion,
disgustingly resembled stains from faecal matter. I immediately wondered if what my parents
said had been true all along: was wearing shoes in the house really unhygienic and could
shoes really introduce ‘germs’ or more specifically harmful and disease-causing microbes
into the house? I also wondered if I could actually fall sick from wearing shoes at home.
Given the opportunity in this module to write about a microbiology related paper, I thus
decided to write about this topic which has interested me from a young age to explore
whether one of the simplest and most frequent actions that we do each day- which is to

remove our shoes has any scientific basis. In this paper, I will first discuss about the culture
and tradition of removing shoes before entering a home. Secondly, I will seek to explore the
evidences of whether shoes can serve as a fomite1 or a vector for the transmission of harmful
and disease-causing microbes and if wearing shoes in the house can actually cause diseases.
Lastly, I will evaluate based on these findings to conclude whether not wearing shoes in the
house is scientifically grounded or culturally influenced.
Personally, I hope that through this microbiology paper, I would be able to prove my parents
wrong and use the evidence (if found) to convince them to give in to my laziness of not
removing my shoes at home.
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Fomite: an object (such as dish, doorknob, or article of clothing) that may be contaminated with infectious
agents (such as bacteria or viruses) and serve in their transmission [1].

Main Body
Culture of Removing Shoes at Home
In many cultures, individuals are required to remove their shoes before entering homes. This
can be due to many reasons ranging from common reasons such as hygiene purposes to
religious requirements. For example, in Asian cultures such as Japan, removing one’s shoe is
considered a practical action as shoes are considered unclean and may even damage the
delicate flooring of homes. This is the reason why in some Japanese traditional homes, a
genkan or entryway (Figure 1) can be found which allows guests to remove his/her shoes
before entering the home. On the other hand, religions such as Hinduism view shoes as
impure as they are in contact with the ground and therefore individuals are required to
remove their shoes before entering a home or temple [2].

Figure 1: Genkan/Entryway in Traditional Japanese House
Source: Adapted from [3]

The similarity between most of these traditions is that shoes are generally considered
dirty/unhygienic but is that actually scientifically grounded?

Microbes on Shoes
In order to assess whether the belief that shoes are unhygenic (as practised by many cultures
and traditions) is true, this paper will first investigate the microbes which can be found on the
soles of shoes. Unlike most surfaces, shoe soles have a higher exposure to different types of
microbes given that it frequently comes into contact with various environments such as the
floor surface of public toilets. Recent predictive studies have suggested that the floor surface
which shoe soles come into contact with can account for approximately three quarters of the
soles’ microbial community2 [4]. Hence in theory, shoe soles can contain harmful microbes if
it comes into contact with surfaces contaminated with harmful microbes. In a systematic
review published in the Journal of Applied Microbiology, studies that were conducted
(Figure 2) have also confirmed this as shoe samples from various communities were found to
contain harmful and infectious microbes such as Clostridium difficile, Salmonella,
Escherichia coli. These microbes likely contaminated shoe surfaces when individuals stepped
on public floor surfaces contaminated with faecal matter [5].
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Microbial communities are groups of microorganisms that share a common living space [6].

A particularly significant study in the review was the study conducted by Chambers et al.
(2009) as seen in Figure 2. In this study, participants in a rural Alaskan community were
asked to walk a fixed route in presterilized boots. After the walk, 70% of the boots were
found to contain Coliform of which 40% were Escherichia coli (E. coli). In addition to this,
participants were also asked to step on a clean piece of linoleum3 (floor material, Figure 3)
with their contaminated boots. It was found that 50% and 10% of the contaminated boots
transferred Coliform and E. coli to the linoleum respectively [5]. The results of Chambers et
al (2009) study not only showed that shoes can contain harmful microbes but even suggested
that shoes can act as a fomite to transfer these microbes from one surface to another surface.

Figure 3: Linoleum (Floor Material)
Source: Adapted from [7]
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Linoleum is a stiff, smooth material that is used for covering floors

The study conducted by Chambers et al (2009) is also supported by a more recent infographic
(Figure 4) published by the University of Utah Health Care which stated that “More than 90%
of bacteria including E. Coli, found on shoes is transferred to tile or carpet” [8].

Figure 4: Infographic by University of Utah Health Care
Source: Adapted from [8]

Possible Consequences and Risk Factors of Wearing Shoes at Home
As demonstrated by Chambers et al (2009), shoes can act as a vector to cross contaminate
different surfaces. It should therefore be possible for harmful microbes to be transferred onto
the floor surfaces of homes if contaminated shoes are worn.
A study conducted by the University of Houston has found that if household floors are indeed
contaminated by these harmful microbes due to shoe wearing at home, individuals can be
infected through different pathways as shown in Figure 5. The results of the study found that
2 pathways: aerosolization4 and direct touch, directly increased the possibility of infection. [9]

Figure 5: Pathways of Transmission
Source: Adapted from [9]
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Aerosolization refers to airborne dispersal and aerial and dust dissemination of microbes. [9]

When microbes are aerosolized from the floor surface, these microbes can spread and
contaminate other items in the households such as the furniture. Individuals are infected
through aerosolization from either inhaling the aerosolized microbes or touching contaminated
items followed by their mouth. On the other hand, individuals will be infected through direct
touch when they directly touch the contaminated floor surfaces followed by their mouth. The
likely effects of infection will be dependent on the microbe that is present on the contaminated
floor surface [9]. Although there are many different types of harmful microbes which could
contaminate the floor surfaces of homes through shoe wearing, this paper will be specifically
using the bacterium Clostridium difficile as an example to explain the likely effects and disease
symptoms that could occur due to shoe wearing at home. This is because previous studies5 have
shown that shoes soles are frequently highly contaminated with C. difficile.
C. difficile is a Gram-positive, anaerobic, spore-forming bacillus that is transmitted to humans
through the oral-faecal route. When susceptible individuals are infected with C. difficile, the
bacterium colonizes the large intestines and releases 2 protein exotoxins6 (TcdA and TcdB)
that causes colitis7 [10]. The symptoms of the infection range from mild/moderate to severe.
In mild/moderate cases of C. difficile infection the most common symptoms are: watery
diarrhoea, mild cramping and tenderness. On the other hand, the symptoms of severe C.
difficile includes: fever, rapid heart rate, blood or pus in stool, dehydration and kidney failure.
Severe C. difficile may also result in severe inflammation of the large intestine, toxic
megacolon and even sepsis which requires immediate intensive care [11].
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Studies conducted in Houston Texas, found that out of the shoes sampled, 39.7% contained C. difficile. [12]
Exotoxins are a group of soluble proteins that are secreted by the bacterium, enter host cells, and catalyse
the covalent modification of a host cell component(s) to alter the cell physiology. [13]
7
Colitis is swelling (inflammation) of the large intestine (colon). [14]
6

In order to understand and visualise how individuals could be sick from wearing shoes at home
due to C. difficile, Figure 6 will outline the transmission and infection process of C. difficile
through shoe wearing.

Figure 6: Flowchart of how an individual could be sick from wearing shoes at home
Based on these evidences, it would be reasonable to make the claim that there are scientific
grounds for not wearing shoes at home as doing so would introduce harmful microbes and
cause diseases.

Discussion and Analysis
However, this paper will not seek to immediately make the conclusion that not wearing shoes
at home is scientifically grounded just because there are evidences which suggest that doing
so could introduce harmful microbes and cause diseases. Instead, this paper will attempt to
critically analyse the evidence and data first before discussing whether not wearing shoes at
home is scientifically grounded.
As explained in the earlier sections, shoe wearing could potentially cause diseases. Given
this, we should potentially expect to see a higher incidence rate of infections such as C.
difficile and E. coli infection in countries that practice shoe wearing at home compared to
countries which do not especially if we refer to studies like Chambers et al. (2009) which
showed a 40% contamination rate of E. coli on shoe soles in rural Alaska or Alam MJ et al.
(2014) which showed that 39.7% of shoe soles that were sampled in Houston were found to
be contaminated with C. difficile bacterium [5,12].
However, a systemic review published in 2017 found that C. difficile infection (CDI) rates in
Asia where shoe wearing at home is generally not practiced was similar to CDI rates in
Europe and North America (where shoe wearing at home is commonly practiced). The
review found that the average CDI prevalence rate was 14.8% in Asia which was similar to
the United States which had a prevalence rate that ranged from 7% to 20%. The review also
showed that European counties such as Spain had a lower CDI prevalence rate of 7.8% [15].
Furthermore, the Global Burden of Disease Study 1990-2016 which was published in The
Lancet also found that for enterotoxigenic E. coli8 (ETEC), North American and European
countries did not have a higher incidence rate of infection per 1000 than in Asia as seen in
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Enterotoxigenic E. coli is the name given to a group of E coli. that produces special toxins which stimulate the
lining of the intestines causing them to secrete excessive fluid; thus, producing diarrhoea [17]. The
transmission of this strain of E. coli is through faecal contamination (a possible transmission method through
wearing shoes at home).

Figure 7. Instead, it was suggested that poverty was the driving force for enterotoxigenic E.
coli infection [16].

Figure 7: ETEC Incidence per 1000 study
Source: Adapted from [16]

These evidences and data seem to suggest that countries which practised shoe wearing at
home did not have a higher/substantially higher prevalence rate of harmful microbial
infections such as CDI and ETEC infection. Some of the likely reasons for this observation
could be because healthy individuals are less likely to be infected even if they are exposed to
harmful microbes. According to the United States’ Centre for Disease Control, most healthy
adults who come into contact with C. difficile will not become ill [18]. This could mean that
even though wearing shoes at home would expose individuals to harmful microbes, the risk
of falling ill would still remain low. In addition, regular and frequent household cleaning
could have also prevented harmful microbes such as E. coli from infecting individuals who
wore their shoes at home. A study conducted by the University of Massachusetts which was
published in the Journal of Applied Microbiology showed that common household cleaning

products such as bleach was highly effective against E. coli as seen in Figure 8 [19].
Therefore, with regular and frequent household cleaning this could prevent harmful microbes
from infecting individuals who wear their shoes at home.

(Light grey bar refers to E. coli reduction and Effectiveness refers to an Avg log
reduction≥5)
Figure 8: Bleach and DIY solutions effectiveness against E. coli
Source: Adapted from [19]

Conclusion
From the evidence and analysis, this paper finds that that the answer to whether shoe wearing
at home is scientifically grounded or culturally influence is that it depends! For the majority
of healthy individuals, the current scientific evidence seems to suggest that while wearing
shoes at home could potentially introduce harm microbes, the risk of actually falling ill
remains low (as seen by the similar incidence rate of infection in countries which practised
shoe wearing at home and countries that did not). In addition, if frequent cleaning is
implemented this will largely eliminate any harmful microbes present in the home. Hence in
this case, it would seem that for healthy individuals, the action of not wearing shoes at home
is more culturally influenced than scientifically grounded.
On the other hand, the action of not wearing shoes at home would be more scientifically
grounded than culturally influenced for households with individuals who are at a high risk of
infection. These individuals include those who are more susceptible to infection such as the
elderly, young and immunocompromised individuals. This is because these susceptible
individuals will face a substantially higher risk of being infected and developing severe
complications from harmful microbes such as C. difficile and E. coli if shoes are worn at
home. In particular, young children/toddlers are at a substantially higher risk of infection
considering that they spend a large amount of time crawling on household floors. If these
floors are contaminated with harmful microbes, these microbes can be transferred onto the
toddler when they crawl which will increase the risk of infection. In addition, one other group
which should not wear their shoes at home is medical professionals. This is because the shoe
soles of healthcare professionals are at a disproportionately higher risk of being contaminated
with microbes that can cause severe illnesses. Studies conducted as shown in Figure 9 found

that microbes which caused hospital acquired illnesses such as MRSA and Enterococcus were
often present on physicians’ shoes [5].

Figure 9: Studies showing Microbes on Medical Professional Shoes
Source: Adapted from [5]
On top of this, a study conducted in Wuhan China had also found that the shoe soles of
medical professionals could even contain the SARS-CoV-2 virus. It was found that 50% of
sampled shoe soles from ICU medical staff during the SARS-CoV-2 outbreak had been
contaminated with the virus [20].
Therefore, in the case of susceptible individuals and medical professionals the action of not
wearing shoes at home is scientifically grounded rather than culturally influenced (especially
during the current SARS-CoV-2 pandemic).

Reflection
When reflecting on this topic, an important observation made is that there is a lack of
extensive scientific research done to demonstrate that wearing shoes at home can actually
cause someone to fall sick. Most of the studies that were conducted only showed that there
were harmful microbes present on the shoe soles without mentioning the consequences or
impacts of wearing shoes at home. In addition, the incidence rate data of harmful microbes
such as C. difficile and E. coli infections only mentions the overall incidence rate and did not
give a breakdown to show how many cases were from shoe wearing at home (although this
data is probably impossible to collect). Hence, much of the analysis and conclusion were
made through my own careful scientific thinking based on all the evidence that was available.
Personally, I do think that more research should be done in this topic especially with the
ongoing SARS-CoV-2 pandemic.
As mentioned previously in the conclusion, the shoe soles of ICU medical staff in Wuhan
China were found to be contaminated with the SARS-CoV-2 virus. Although the research
showed that only medical professionals were at a high risk for shoe sole contamination as
they stepped on contaminated hospital floors [20], more studies should also be carried out to
assess if the SARS-CoV-2 virus can contaminate shoe soles within the general community.
This is especially so given that SARS-CoV-2 cases in countries such as the United States and
United Kingdom which practice shoe wearing at home have a significantly higher number of
cases compared to countries such as Taiwan, South Korea and Singapore which do not
practice shoe wearing at home. Although the difference in cases can generally be attributed to
weak public health measures, it would be interesting and possibly informative if a
comprehensive review is carried out to see if shoe wearing could be one of the reasons for the
large difference in SARS-CoV-2 cases.

On a side note, it was also quite disappointing for me because I found out after writing this
paper that I was not able to wear my shoes at home given that I stay with my elderly
grandmothers. Although, now that I know that I have members in the household who are
susceptible, I will be more proactive in removing my shoes before I enter my home.
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