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Microorganisms are present on all surfaces, to which they were carried by many direct and
indirect methods of transmission. Regular cleansing of any surface, even using good
detergents, will not prohibit organisms from reoccupying these surfaces again and in a
very brief period of time. This study aimed at detecting the presence of bacteria on the
surfaces of the inside handles/knobs of public restroom doors. Samples collected from
doors of 16 public toilets (8 for males and 8 for females) were tested for the presence of
bacteria. The results showed that almost all the door handles/knobs (93.8%) were
contaminated with potentially pathogenic bacteria. The following organisms were isolated:
Staphylococcus aureus (68.8%), Citrobacter freundii (25%), Enterobacter cloacae
(18.8%), Rahnellaaquatilis (3.3%), Shigella sonnei (3.3%) and Pantoea sp. (3.3%),
indicating that the contamination, most probably, was caused by the hands of the toilet
users. It was noted that samples from the males’ restrooms were more contaminated than
those from the females’ restrooms and that door handles carried more organisms than door
knobs. These results should alert public toilets’ users that extreme caution must be
executed while using these toilets, as the internal door handles/knobs, may be a potential
source of pathogenic bacteria.

Introduction

The human hands are important organs of the
human body that play a crucialrole in most
human movements and activities. Most
activities involving the hands impose,
however, that they come in contact with many
microbes many of which may be potential
pathogens.

Although the interference of the normal flora
helps in reducing the danger of such
encounters, yet the hands, have been proved to

carry numerous organisms some of which may
be considered dangerous pathogens (Dodrill et
al., 2011, University of Wisconsin-Madison,
2016). Organisms including Staphylococcus

epidermidis, Staphylococcus hominis,
coryneform bacteria (propionibacteria,
corynebacteria, dermobacteria), micrococci
and few members of the family

Enterobacteriaceae were found to be resident
bacteria, but many others including
Salmonella Typhi, Shigella spp., Escherichia
coli, Proteus mirabilis, Citrobacter freundii,
Enterobacter spp, Klebsiella spp., Clostridium
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perfringens Staphylococcus aureus,
Streptococcus spp., Pseudomonas aeruginosa
and other potential pathogens were found to
be common transient bacteria (Leyden, et al.,
1991; Orskov et al., 1997; WHO, 2009).

Microorganisms are known to be present
everywhere. They can be found on dust
particles in the air, in water and on all
surfaces.

It was, however, demonstrated by many
researchers that frequently used surfaces, such
as buttons of ATM and vending machines,
door handles, computer screens and mice,
telephones, library and class desks, are usually
more heavily contaminated, with a higher a
risk of holding disease-causing
microorganisms and thus serve as a means of
spreading different types of infections
(Reynolds et al., 2005; Hamza and Na’was,
2015, Dakroub and Nawas, 2017).

Previous studies have shown that door handles
may be contaminated with different types of
microorganisms  including  Enterococcus
feacalis, Coagulase negative staphylococci,
Streptococcus spp., Klebsiella spp., Bacillus
spp., Escherichia coli, Proteus mirabilis,
Proteus vulgaris, Pseudomonas aeruginosa
and Staphylococcus aureus (Nworie et al.,
2012; Onwubiko and Chinyeaka, 2015).

As many of these organisms are disease
causing organisms, the researchers concluded
that these door handles play an important role
in spreading many diseases.

The purpose of this study was to sample the
internal standard door handles and knobs of
public restrooms, to detect the presence of
potentially pathogenic organisms, considering
that these handles and knobs are supposed to
have been touched after the restrooms’ users
have washed their hands and are leaving the
facility, to resume their regular activities.

Materials and Methods
Selection of sampling sites

Sixteen public restrooms in the RasBeirut area
of the Lebanese capital Beirut, were selected
for the study. The study was, however,
designed to include 8 restrooms for females
and 8 for males. In each one of these sets, it
was intended to choose 4 restrooms with
standard door handles and 4 others with door
knobs.

Collection of samples

Sterile swabs moistened with nutrient broth
were used to obtain the samples by scrubbing
the selected internal handles/knobs and
immersing them in the sterile broth to be
transported to the microbiology laboratory,
within no more than 30 minutes after
collection.

Processing of samples

In the Microbiology Laboratory, the sample
swabs were each cultured the following agar
plates:  Trypticase soy agar (TSA),
MacConkey agar (MA), Mannitol salt agar
(MSA), Salmonella-Shigella (SS) agar and
Cetrimide agar (CA).

These plates were incubated at 35°C and
checked for growth after 24h and 48h of
incubation.

Identification of isolates

The isolates growing on all test plates, were
isolated on TSA plates, Gram stained and
definitively identified by standard biochemical
methods (Cowan and Steel, 1974).

The identity of the isolated Gram-negative
bacilli was confirmed using the API 20E test
strips (Biomerieux, France).
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Results and Discussion

The different organisms isolated from the
sampled restroom door handles/knobs are
shown in Table 1. There was a total of 21
isolates obtained from the 16 sampled
restrooms. The frequency of isolation of these
organisms from these samples was as follows:
Staphylococcus aureus (68.8%) from 11
samples, Citrobacter freundii (25%) from 4
samples, Enterobacter cloacae (18.8%) from
3 samples and Rahnella aquatilis (3.3%),
Shigella sonnei (3.3%) and Pantoea sp.
(3.3%) each from 1 sample. The 8 standard
door handles tested all grew organisms and 4
of the 8 (50%) grew more than one organism,
while 7 of the 8 tested door knobs grew
organisms with only one of them (12.5%)
growing more than one organism. The
frequency of organisms isolated from the
males’ restrooms was more (57%) as
compared to that of the organisms isolated
from the females’ restrooms (43%).

The isolation of different  microbes
contaminating door handles/knobs is well
documented and noted to serve as possible
vehicles for transmission of potentially
pathogenic organisms (Rusin et al., 2002;
Nworie et al, 2012; Onwubiko and
Chinyeaka, 2015). Moreover, Rusin and his
colleagues (2002) demonstrated that the
numbers of bacteria transferred from the door
handles to the hand was very big and that high
rates of transfer, of these bacteria, were
recorded from the finger tips to the lips

The results of this study, which focused on the
internal door handles and knobs of public
restrooms, that a person usually uses when
leaving the restroom, also demonstrated that a
considerable number (93%) of the tested
handles, were contaminated with one or more
bacterial strains. This result is very close to
the 95% rate of contamination of fomites,
obtained by Otter and French (2009),in

London and very close to the rates of
contamination reported by Nworie et al., in
2012(86.7%) and Onwubiko and Chinyeaka in
2015 (86%) of door handles/knobs in public
locations in Nigeria. The observed variations
are expected and are related to differences in
hygiene and sanitary conditions of the
locations tested. Moreover, 31.3% of the
tested handles/knobs grew more than one type
of bacterial isolate, a result similar to that
previously reported by Rusin et al., (2002)
working with hard and nonporous surfaces of
fomites and Kennedy et al., (2005) working
on refrigerator surfaces.

The results, also, are compatible with the
findings of Boone and Gerba (2010), who
reported that the levels of contamination of
conveniences vary depending on traffic,
exposure and environment.

The isolation of more contaminating
organisms from the door handles/knobs of the
males’ restrooms than those of the females’
restrooms, in this study, is in contradiction to
previous reports (Boone and Gerba, 2010;
Nworie et al, 2012; Onwubiko and
Chinyeaka, 2015), but can be explained by the
fact that one sample from a males’ restroom
grew 3 organisms, which influenced the rate
of isolation of organisms, otherwise the rate
would have been very close in both sets of
restrooms. Another explanation may be that
the females’ facilities tested were simply
restrooms and not multipurpose ladies’ rooms.

A notable observation in this study was that
standard door handles were found to be more
contaminated than the regular round door
knobs. Whereas all door handles tested were
contaminated, not all the knob samples grew
organisms, as contamination was detected in
87.5% of the samples. The bigger surface area
of the handles, the ease to clean knobs and the
way each is held by the hand of the user, may
have contributed to this result.
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Table.1 The organisms isolated from the internal door handles and knobs of the public females’
and males’ restrooms included in this study

Females Handle
Females Handle
Females Handle
0 Females Handle
Males Handle
- Males Handle
Males Handle
L Males Handle
. Females Knob
Females Knob
Females Knob
Females Knob
Males Knob
Males Knob
Males Knob
Males Knob

It was, however, previously reported that an
interaction of bacteria with metals was
possible and that some metals can hold more
bacteria than others (Mansfeld, 2007).

The most commonly isolated organism in this
study was Staphylococcus aureus, isolated
from 11 out of the 16 samples (68.8%). This
organism is a potentially pathogenic organism
that can cause an array of infections ranging
from simple abscesses to life threatening
infections including pneumonia, endocarditis,
meningitis and many others (Tong et al.,
2015). Sstaphylococcus aureus was also
reported, in other studies, to be the most
common contaminant of samples similar to
those in this study (Ducel et al., 2002; Brooks
et al., 2007; Nworie et al., 2012; Onwubiko

Shape of handle

Citrobacter freundii
Staphylococcus aureus
Citrobacter freundii
Staphylococcus aureus
Staphylococcus aureus
Staphylococcus aureus
Staphylococcus aureus
Citrobacter freundii
Staphylococcus aureus
Citrobacter freundii
Staphylococcus aureus
Staphylococcus aureus
Rahnella aquatilis
Enterobacter cloacae
No growth
Staphylococcus aureus
Enterobacter cloacae
Staphylococcus aureus
Enterobacter cloacae
Staphylococcus aureus,
Shigella sonnei,
Pantoea sp3

and Chinyeaka, 2015), but with a lower rate
than ours. Knowing that this organism is a
member of the normal flora of the skin and
nares of humans, and is easily discharged by
several human activities (Cole et al., 2001;
Onwubiko and Chinyeaka, 2015), and since
the sampling in this study was during the
winter months, it is presumed that the higher
rate of isolation was either due to increase in
nasal discharges or a higher rate of carriage of
the organism in the tested population.

All the other isolates, from the different
samples of the study, were Gram negative
organisms  belonging to the family
Enterobacteriaceae. Although it was not
uncommon to isolate Citrobacter freundii and
Enterobacter cloacae (and the closely related
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Pantoea sp. 3) as they were reported to be
present on the hands of humans as transient
bacteria (Orskov et al., 1997). It was
uncommon, however, to isolate Rahnella
aquatilis, which is an organism related to
fresh water, but can be found in humans and
soil (Brenner et al., 1998). The isolation of
Shigella sonnei was also unexpected and was
indicative of a definite sanitary problem. All
these Gram negative organisms have often
been reported to be able to cause serious
infections and complications of infections and
thus are considered as potentially pathogenic
organisms (Brenner et al., 1998; Wang et al.,
2000; Fraser, 2007; Whalen et al., 2007;
Donnenberg, 2015, Mayo clinic staff, 2015).
The isolation, in this study, of the above Gran
negative organisms, which belong to the
family Enterobacteriaceae, may be a strong
indicator of fecal contamination of the door
handles.

One last observation was, that the sampling
was done close to noon time, a time when
many of these door handles/knobs were
cleaned by the sanitary workers. The
persistence of a considerable number of
bacteria on these handles and knobs may be
interpreted by a number of possibilities:
forgetting to clean the internal door
handles/knobs because of their location,
improper cleaning of these handles and the
possibility of using contaminated sponges in
the cleaning process, for it was proved that
wet sponges can be excellent living places for
bacteria since they protect them from
exposure to the environment, dry air or
sunlight (Samy and Hamdy, 2002) whereby
this cleaning is transmitting more germs to the
handles/knobs, rather than decreasing them.

These results validate that internal door
handles/knobs of public restrooms are an
underestimated source of contamination of
human hands with potentially pathogenic
bacteria and thus a possible cause of self-

infection or cross infection to others.
Although some measures were introduced to
limit this danger, like washing hands
properly, drying the hands effectively
(Snelling et al., 2011), or even using tissues to
hold door handles, yet the danger will still be
there. The matter will have to be resolved
either by proper design of the doors and or
handles/knobs (restrooms with no doors, use
of sensor doors or limit the use of regular
handles) or by adopting and monitoring more
aggressive and frequent cleaning using
effective detergents.
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