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Door handles have especially been implicated as fomites with the propensity to
transmit infectious agents dues to their crucial high touch role. Information on the role
these play in the possible spread of multidrug resistant (MDR) pathogens is however
limited. This study presents information on the possible role door handles in a tertiary
institution in Rivers State, Nigeria may play as reservoirs of multidrug resistant strains
of Staphylococcus aureus. A hundred door handles were sampled using the swab and
rinse method involving sterile swab sticks, and samples processed by culturing of
Mannitol Salt Agar. Presumptive characteristic colonies were then purified, their
identities confirmed and antibiotic susceptibility determined using standard
microbiological tests. Results revealed a 35% occurrence of Staphylococcus aureus on
the sampled door handles, which showed varying levels of resistance to test
antibiotics. A 100% resistance was noted against 5 different antibiotics and the lowest
resistant (2.9%) noted against of loxacin. Only 5 antibiograms were represented within
the isolates, with AUG-CAZ-CRX-CXC-ERY exhibited by 60% (21/35) of isolates. A
100% of isolates were resistant to 3 and more drug classes indicating a 100%
occurrence of multidrug resistance within the S. aureus isolates detected. This study
reveals a high association of multidrug resistant Staphylococcus aureus with non-toilet
door handles. This is of major public health interest as it indicates a potential risk
these high touch surfaces could play as reservoirs for the spread of multidrug
resistance.

Introduction
Despite remarkable advances in medical
research aimed at prevention and therapy of
infectious diseases during the 20th century,
infectious diseases still remain one of the
leading causes of death worldwide. Fomites

have been shown to play a critical role in the
transmission of these diseases. Among these
inanimate objects with a propensity to transmit
disease pathogens, door handles are especially
implicated. This is possibly due to the crucial
high touch role they play in human activities
as well as their smooth non-porous
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composition which is associated with higher
levels of transmission (Odigie et al., 2017).
Several studies in Nigeria have reported the
association of door handles with a wide array
of potentially pathogenic bacteria (Nworie, et
al., 2012; Onwubiko and Chinyeaka, 2015;
Odigie et al., 2017; Omoruyi and Ekhaise,
2017;Akinrotoye et al., 2018;Alonge et al.,
2019). Majority of these studies described
Staphylococcus aureus as one of the top two
leading organisms associated with door
handles. A number of studies explored the
association of door handles with drug resistant
organisms (Lincy et al., 2016; Omoruyi and
Ekhaise, 2017; Abiose 2019). Reports which
explored the association between multidrug
resistant(MDR) bacteria and door handles
however were limited. The scourge of
multidrug resistance bacteria has been on the
increase worldwide and Staphylococcus
aureus is one of the key bacteria associated
with this scourge due to its ability for rapid
acquisition of resistance determinants (Kot et
al., 2020). MDR S. aureus has however been
linked with a worse prognosis, increased
hospital stay and mortality. Nasal carriage of
MDR strains of S. aureus has however been
widely reported in apparently healthy
individuals (Arali et al., 2016; Kadariya et al.,
2019; Kateete et al., 2019; Onanuga et al.,
2021). Considering the key role door handles
play as fomites, there therefore exists the
potential that they play a role as possible
reservoirs of MDR S. aureus. This study
therefore set out to explore the possible role
door handles in a tertiary institution in Rivers
State, Nigeria may play as reservoirs of
multidrug resistant strains of Staphylococcus
aureus.

sampled using the swab and rinse method
(Reynolds et al., 2005) involving sterile swab
sticks. Swab samples were then immediately
transported to the Medical Microbiology
laboratory of the Department of Microbiology,
University of Port Harcourt. Samples were
then processed by culturing on Mannitol Salt
Agar.

Materials and Methods

The multiple antibiotic resistant (MAR) index
for each isolate was then calculated using the
a/b formula (Cookey and Otokunefor, 2016),
where “a” is the total number of antibiotic
isolate is resistant to and “b” is the total
number of test antibiotics.

Sample collection and processing
A hundred door handles in a tertiary
institution in Rivers State (Nigeria) were

Isolation and Identification of S. aureus
Following culture on Mannitol Salt Agar,
colonies characteristic of S. aureus (yellow
pigmented) were subcultured to Nutrient agar
and their identities confirmed using relevant
previously described biochemical tests
(Cowan and Steel 1985; Cheesbrough 2006).
Antimicrobial Susceptibility Testing
Antimicrobial susceptibility testing was then
carried out on isolates using the previously
described disc diffusion test method (Bauer et
al., 1966).
In brief, a standard inoculum (0.5 McFarland)
was plated out on a Mueller Hinton plate using
a sterile swab stick to produce a uniform lawn
of growth. Test multi-antibiotic discs were
then applied following a 15 minute preincubation period at room temperature.
Subsequent to a 24 hour incubation at 37C,
diameter readings for the zones of inhibition
were determined and each organism tagged as
susceptible or resistant to the antibiotic based
on a standard interpretative chart (NCCLS
2000).
Determination of MAR Index
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Assessment of Multidrug Resistance
Antibiograms of each individual isolate was
assessed and multidrug resistant organisms
defined as organisms with resistance to 3 or
more classes of antibiotics.
Results and Discussion
Following identification of the isolates, this
study revealed a 35% occurrence of
Staphylococcus aureus on the sampled door
handles. These isolates showed varying levels
of resistance to the test antibiotics (Fig. 1),
with a 100% resistance noted against 5
different antibiotics and the lowest resistant
(2.9%) noted against ofloxacin.
An analysis of the antibiogram of each isolate
revealed only 5 antibiograms represented
within the isolates (Table 1). All isolates were
resistant to 5 or more antibiotics, though no
isolate was resistant to 100% of the
antibiotics. One antibiogram (AUG-CAZCRX-CXC-ERY) was predominant, exhibited
by 60% (21/35) of isolates.
All (100%) isolates had high MAR index
values, greater than 0.5 (Fig. 2). Majority
(60%) however had a 0.63 MAR index value.
In agreement with the MAR Index values, a
100% of isolates were resistant to 3 and more
drug classes indicating a 100% occurrence of
multidrug resistance within the S. aureus
isolates detected. Variations however existed
in the exact number of drug classes the MDR
isolates were resistant to (Fig. 3). The MDR
isolates could be divided into 2 based on
number of drug classes and majority of
isolates (80%) were resistant to 3 drug classes.
Hospital environments were initially identified
as potential active reservoirs for the
dissemination of multidrug resistant pathogens
(Sexton et al., 2006; Chemaly et al., 2014). In

more recent years however, non-hospital
sources have increasingly been identified also
as reservoirs for some MDR pathogens (van
Duin and Paterson, 2016). This study which
set out to explore the role non-hospital door
handles may play as potential reservoirs of
multidrug resistant S. aureus, first identified a
35% occurrence of S. aureus from the 100
door handles sampled. Majority of studies
exploring this, focus on toilet door handles or
hospital associated door handles (Agbagwa
and Onyebule, 2018; Bhatta et al., 2018;
Odigie et al., 2018; Alonge et al., 2019;Tefera
et al., 2019). For the few studies exploring
general door handles, the rate observed in this
study was higher than severally of the reports.
These studies noted occurrence rates ranging
from 10.5% to 26% (Amala et al.,
2015;Onaolapo et al., 2015; Owaku et al.,
2018; Abiose 2019;Akinrotoye et al., 2019)
but lower than the 56.48% and 66.7%
described in a 2017 study(Akinjogunla and
Divine-Anthony, 2017). S. aureus in a known
commensal carried in the nasopharyngeal
region by up to 30% of the human population
(Hanson et al.,2017). The presence of this
organism on door handles could therefore
represent poor hygiene practices involving
contact of the hand and nose and a lack of
proper hand hygiene.
These isolates detected in this study however
revealed high levels of resistance. This was
similar to the study by Akintoroye and
colleagues (Akinrotoye et al., 2019) which
reported a 100% resistance to three different
antibiotics.
The Akinrotoye study had looked at multiple
types of door handles, including toilet door
handles. The results were also similar to a
previous studying reporting on antibiotic
resistance of S. aureus obtained from nontoilet door handles in Nasarawa State
University (Owaku et al., 2018).
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Table.1 Antibiogram of Isolates
S/No
1.
2.
3.
4.
5.

Antibiogram
AUG-CAZ-CRX-CXC-ERY
AUG-CAZ-CRX-CTR-CXC-ERY
AUG-CAZ-CRX-CXC-ERY-GEN
AUG-CAZ-CRX-CTR-CXC-ERY-OFL
AUG-CAZ-CRX-CTR-CXC-ERY-GEN

No of
Isolates
21
7
5
1
1

No of Resistant
classes represented
3
3
4
4
4

Key: Augmentin (AUG),Ceftazidime (CAZ). Cefuroxime (CRX), Ceftriazone (CTR), Cloxacillin (CXC),
Erythromycin (ERY), Gentamycin (GEN), Ofloxacin (OFL).

Fig.1 Resistance rates of isolates to test antibiotics

Fig.2 Distribution of isolates within MAR Indices
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Fig.3 Distribution of isolates by resistance to the different classes of antibiotics

Owaku and colleagues noted high resistance
rates (60% and above) against the majority of
antibiotics assayed (87.5%). The results
however differed from a report by Onwubiko
and Chinyeaka studying door handles in a
tertiary institution in Umuahia, which reported
resistance rates lower than 40% against 44.4%
of antibiotics tested (Onwubiko and
Chinyeaka, 2015). Onaolapo and colleagues
which looked specifically at non-toilet door
handles had strikingly different results with
isolates exhibiting sensitivity rates of 90% and
above against six antibiotics (Onaolapo et al.,
2015). Even when compared with studies
focusing specifically on toilet door handles,
results from this study were still much higher.
Tefera and colleagues in a 2019 study
surveying toilet handles in Ethiopia reported
low resistance rates less than 50% against the
majority of antibiotics (90.9%) tested (Tefera
et al., 2019), but similar high levels of
resistance against penicillin. Alonge and
colleagues assessing toilet door handles
reported much lower resistance rates (0% to
44.4%) with majority of their isolates
susceptible to the antibiotics tested (Alonge et
al., 2019). These variations in susceptibility

patterns
could
reflect
source
of
microorganisms with respect to commensal
versus pathogenic. Pathogenic bacteria are
generally expected to have higher levels of
drug resistance due to possible interactions
with antibiotics as opposed to harmless
commensals.
The high level (100%) of MDR reported in
this study in association with strains of S.
aureus isolated from non-toilet door handles
has been similarly been reported previously. A
study by Badger-Emeka and colleagues in
2015 reported 100% of MDR in strains of S.
aureus(Badger-Emeka et al., 2015). These
isolates were however obtained from a
collection of diverse sampling points referred
to as “shared utility devices” which included
other locations in addition to office and toilet
door handles. Two studies on non-toilet door
handles in tertiary institutions in other parts of
Nigeria (Nasarawa and Zaria), also reported
high levels of MDR S. aureus strains (Owaku
et al., 2018;Onalapo et al., 2015). Owaku and
colleagues reported MDR rates of 46.2%
while Onalapo and colleagues reported a
70.6% rate of MDR.
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This study reveals a high association of
multidrug resistant Staphylococcus aureus
with non-toilet door handles. This is of major
public health interest as it indicates a potential
risk these high touch surfaces could play as
reservoirs for the spread of multidrug
resistance.
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