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Abstract: Microorganisms are present on all surfaces, to which they were carried by many direct and indirect methods of
transmission. Bacteria and Parasites contaminating office door handles in Nnamdi Azikiwe University were assessed between
June and November, 2019. The buildings and the door handles were randomly selected. Sterile swabs moistened in sterile
normal saline were used to swab the door handles in a tri-directional manner. The swabs were cultured and subcultured onto
nutrient, MacConkey and Salmonella-Shigella agar plates for bacterial growth. The specimens were then examined for
parasites using Zinc Sulphate floatation and formol-ether sedimentation techniques. Of the 432 door handles examined, 136
(30.8%) were contaminated. The highest number of contaminated doors were found in Medical Centre 41 (30.1%) and the least
in Faculty of Social Sciences Complex 10 (7.4%). E. histolytica 52 (38.2%) was the highest parasite encountered while E.
vermicularis 2 (1.5%) was the least. The proportion of infected doors as well as the distribution of different species parasites in
the door handles of different complexes examined was significant (P<0.05). Of 432 office door handles examined, 263 (60.9%)
yielded bacterial growth. Female hostel 72 (27.4%) had more bacterial contamination while Faculty of Social Sciences 25
(9.5%) had the least. Staphylococcus spp 54 (20.5%) was the highest bacteria isolated, followed by Escherichia 53 (20.2%)
while Klebsiella 53 (20.2%) was the least. The distribution of different species of bacteria in the door handles in different
complexes was significant (P<0.05). Infectious diseases from microbial contaminated door handles are a potential threat to
public health and safety therefore certain measures should be taken such as aggressive and frequent cleaning methods and good
hand washing to reduce the incidence of bacterial and parasite transmission and contamination.
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environment. They are beneficial to life but some are
dangerous to health, causing different diseases [1]. Microbial
contaminations are widely reported in different indoor and
outdoor environments.

Human societies have always been challenged by

1. Introduction

Microorganisms are widespread in nature constituting a
major part of every ecosystem. Bacteria, fungi, parasites and
viruses contaminate the body, houses, work places and whole
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infectious diseases caused by bacteria, fungi, virus, helminth
and protozoan parasites with pathogenic parasites producing
cysts, oocysts and ova on contact surfaces [2]. These
infectious microorganisms can be found in any environment
including soil, air, water and food. While pathogens are
sometimes transmitted by direct contact between infected and
susceptible individuals, the environment is often an important
mediator of transmission [3]. Environmental surfaces or
objects act as a reservoir for proliferation of microorganisms
[4, 5]. One major source of spread of community acquired
infections are fomites [6, 7]. Fomites exposure requires an
inanimate object or material to carry a pathogen from one
susceptible animal or object to another. It often involves
secondary route of exposure such as oral or direct contact for
pathogen to enter the host, both enteric and respiratory
pathogens [8].

Fomites when in constant contact with humans or natural
habitats of pathogenic organism constitute a major source of
spread of infectious diseases [9.10]. Such fomites include
door handles or knobs, showers, toilet seats and faucets, sinks,
lockers, chairs, and tables, especially those found in public
offices, hospitals, hotels, restaurants and restrooms; others
include contaminated vehicles, utensils, towels, pen, shovels,
clothing, money, books, toys, bowls/buckets, brushes, tacks
and clippers [10]. There is increasing evidence that
contaminated inanimate surfaces and especially those
frequently touched by hands can contribute to the spread of
healthcare associated pathogens from place to place and from
person to person [11].

It has been reported that bacteria can survive for variable
duration on surfaces of fomites [12, 13]. Risk of transmission
is directly proportional to the duration of survival of the
bacteria on the colonized objects. The colonization and
survival depend on geographical and environmental
conditions like temperature, humidity, presence of organic
matter, ability to form biofilms and the prevalent infection
control practices [14, 15]. Gram positive and Gram negative
bacteria have been reported to survive up to months on dry
inanimate surfaces in the hospitals [14].

Door knob is one of the most common fomite that serves
as a route for contamination [16]. It has been shown that hard,
non-porous surfaces such as door handles, have the highest
bacterial transfer rates to hands [17]. Bacterial pathogens that
have been isolated from door knobs in previous studies
include; Staphylococcus. aureus, Klebsiella pneumoniae,
Escherichia coli, Enterobacter sp, Citrobacter sp,
Pseudomonas aeruginosa, Proteus  sp, Streptococcus,
Salmonella sp, Shigella sp, Campylobacter sp [18, 19]. These
organisms have been known to cause one or more diseases
that are mild and could sometimes be serious. Examples are
but not limited to pimple, impetigo, scalded skin syndrome,
pneumonia, meningitis, osteomyelitis, rhinoscleroma, kidney
failure, septicemia [20, 21].

In the university environment, students, staff and visitors
have access to service offices regularly for different purposes.
Given that the door handles are not routinely disinfected, the
opportunity for the transmission of contaminating

microorganisms is great. Doors have large traffic users, who
throng in with pathogens they have picked elsewhere and
deposit them on the handles while going in and out [22]. As
people come in contact with surfaces as desks, keyboards and
office furniture and toilet and office lock handles, there is the
possibility of picking up microbes deposited on them. The
toilet and office lock handles are in contact more frequently
with their users and visitors, especially public toilets and
offices. They are commonly touched by hands, which may
act as sources for transfer [11].

Most intestinal parasites have their infective stages
transmitted by faeco-oral route. Faecal-oral transmission
involves the ingestion of food or water contaminated with
cysts or oocysts available in the immediate environment. The
faeco-oral route is significant in transmission of parasitic
infections to human through poor hygiene. When soil
becomes contaminated, the eggs in the soil can be transferred
onto vegetables, door handles and onto the hands from where
it is transferred to the mouth [23]. These organisms can infect
about 50 million people, killing about 100,000 people yearly
[24]. About 85% of people infected with intestinal parasites
are healthy carriers [25], with consequences of more
transmission by faecal-oral route or human-to-human [26].
These Parasites are infective to humans, causing varying
pathogenic conditions such as in intestinal and extra
intestinal infection such as amoebiasis, cryptosporidiosis,
giardiasis, ascariasis and several more leading to enteric
diseases [27].

The Nigeria environment has been described as poor,
based on personal, community and environmental hygiene
[28]. This poor state of hygiene is accounted for by the
presence of immature stages of harmful microorganisms in
the soil, in the air, on toilet door handles and on water closet
handles [29]. These show the dynamic transmission network
that exist in the Nigeria environment, through which
pathogens infect human and animal hosts. Many factors have
been shown to influence the bacterial transfers between
surfaces, including the source and destination surfaces,
bacterial species involved, moisture levels, pressure and
friction between the contact surfaces and inoculums size on
surfaces [30, 31].

The increasing incidence of epidemic outbreaks of certain
diseases and its rate of spread from one community to the
other has become a major public health concern [18]. Thus,
with respect to literature that points out dangers associated
with disease transmission through door handles this current
study becomes necessary. The aim of this study was to assess
the extent of microbial contamination of the door knobs in
the offices of Nnamdi Azikiwe University Awka, Anambra
State, Nigeria.

2. Materials and Methods
2.1. Study Area

Nnamdi Azikiwe University, Awka is one of the Federal
universities in Nigeria. Its main campus is located in Awka
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which is the capital city of Anambra State, southeastern part
of Nigeria. Geographically situated 6.242889°N 7.118289°E.
A microbial survey was done on door handles of different
offices within the Nnamdi Azikiwe University Awka campus.
A total of 6 buildings were randomly selected for the study
namely: Faculty of Art (FA) complex, Faculty of Physical
Science (FPS) complex, Faculty of Social Science (FSS)
complex, Female hostel (FH) complex, Administrative Block
(AB) and the Medical Centre (MC).

2.2. Specimen Collection

A total of 432 office door handles from the randomly
selected 6 buildings were swabbed using sterile swab sticks
moistened with 5ml of sterile normal saline. This was
accomplished in a tri-directional manner: up/down, left/right
and diagonally, recapped and properly labelled. The samples
were promptly transported to the Laboratory of the Faculty of
Biosciences, Nnamdi Azikiwe University, Awka in an ice-
cooled pack. These were examined for parasites. Forty out of
the 423 specimens were cultured for bacterial and fungal
isolation.

2.3. Specimen Analysis

2.3.1. Parasitological Examination

Parasitological examination was done as described by
Cheesbrough [32]. The swab sticks were examined for
parasites using sedimentation and floatation (Zinc sulphate
techniques) after washing out the specimen using normal
saline. The smeared specimen was stained with Ziehl
Neelson’s staining method for identification of parasite
oocysts.

2.3.2. Bacterial Isolation

This was done according to Cheesbrough, [33] and Holt et
al., [34]. Each sample was inoculated onto nutrient agar
(oxoid) and MacConkey agar (oxoid) plates and incubated
invertedly for 24 hours at 37°C. Isolated colonies were then
sub-cultured onto fresh nutrient agar (oxoid) and Salmonella-
Shigella (oxoid) agar plates for proper preliminary
identification. Single isolated colonies from these plates were
subjected to Gram’s staining and standard biochemical tests

(catalase, coagulase, oxidase, indole, Methyl red test, motility
and Voges-proskauer (VP) tests).

2.3.3. Data Analysis

The data collected were subjected to statistical analysis
using SPSS version 23.0. Chi-square (¥2) and Analysis of
Variance (ANOVA) was used to test for significant
differences in the distribution of microorganisms among
office door handles.

3. Results

Of the 432 door handles examined in Nnamdi Azikiwe
University, Awka, 136 (30.8%) were contaminated. The
highest number of contaminated doors were found in Medical
Centre 41 (30.1%) and the least in the Faculty of Social
Sciences Complex 10 (7.4%). E. histolytica 52 (38.2%) was
the highest parasite encountered, followed by A.
lumbricoides 37 (27.2%) while the least parasite was E.
vermicularis 2 (1.5%). The proportion of infected doors as
well as the distribution of different species parasites in the
door handles of different complexes examined was
significant (P<0.05) [Tables 1 and 2].

Of 432 office door handles examined, 263 (60.9%) yielded
bacterial growth. A total of 7 colonies were obtained with 3
being Gram positive and 4 Gram negative. Biochemical
analysis of bacterial isolates from the door samples revealed
contamination from 7 bacterial species which include:
Staphylococcus spp., Bacillus spp., Escherichia coli, Klebsiella
sp., Salmonella, Micrococcus sp., Pseudomonas sp., of which
most are associated the human skin flora. Most organisms are
catalase positive while all the organisms tested negative to
methyl-red and Voges-proskauer (VP) tests (Table 3).

Female hostel 72 (27.4%) had more bacterial
contamination while Faculty of Social Sciences 25 (9.5%)
had the least. Staphylococcus spp 54 (20.5%) was the highest
bacteria isolated, followed by Escherichia 53 (20.2%) while
Klebsiella 53 (20.2%) was the least. The distribution of
different species of bacteria in the door handles in different
complexes was significant (P<0.05) [Table 3].

Table 1. Proportion of infected Office Doors handles in Nnamdi Nnamdi Azikiwe University Awka, Anambra State, Nigeria.

Buildings Number of doors examined parasites (%) Number contaminated with
FA 72 27 (19.8)

FSS 72 10 (7.4)

MEDC 72 41 (30.1)

AB 72 15 (11.0)

FH 72 24 (17.6)

FPS 72 19 (14.0)

Total 432 136 (30.8)

P value=0.000 (P<0.05)

Key: FA=Faculty of Art complex; FSS=Faculty of Social Science complex; MEDC=Medical Centre; AB=Administrative Block (AB); FH=Female hostel

complex; FPS=Faculty of Physical Science complex
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Table 2. Parasite Species identified on the examined Office Door Handles in Nnamdi Nnamdi Azikiwe University Awka, Anambra State, Nigeria.

- Entamoeba .. Giardia  Ascaris Trichuris Enterobius
Buildings histolytica (Cyst) Cryptosporidium lamblia _ lumbricoides trichuira Hookworm vermicularis Total (%)
FA 3(69.4) 2 (43.1) 6 (8.3) 13 (34.7) 3(4.2) 0(0.0) 0 (0.0) 27 (19.9)
FSS 5(47.2) 0(0.0) 0(0.0) 3(16.7) 0(0.0) 2(4.2) 0(0.0) 10 (7.4)
MEDC 15 (59.7) 2(31.9) 5(13.9) 6(38.9) 3(4.2) 10 (0.0) 0(0.0) 41 (30.1)
AB 8 (61.1) 0 (0.0) 0(0.0) 2(18.1) 1(4.2) 3(4.2) 1(2.8) 15 (11.0)
FH 17 (63.9) 0(0.0) 0(0.0) 4(27.8) 1(7.0) 1(11.1) 1 (0.0) 24 (17.6)
FPS 4 (47.2) 1(33.3) 1(1.4) 9(11.1) 2(1.4) 2 (0.0) 0(0.0) 19 (14.0)
Total 52 (38.2) 5(3.7) 12 (8.8) 37 (27.2) 10 (7.4) 18 (13.2) 2 (1.5) 136

P value=0.002 (P<0.05)

Key: FA=Faculty of Art complex; FSS=Faculty of Social Science complex; MEDC=Medical Centre; AB=Administrative Block (AB); FH=Female hostel

complex; FPS=Faculty of Physical Science complex

Table 3. Characteristics of Bacterial isolates from the selected Office door handles.

Characteristics of

organisms Staphylococcus spp Bacillus spp Micrococcus spp Escherichia spp Klebsiella spp Salmonella spp Pseudomonas spp
Cell morphology Cocci Rod Cocci Rod rod cocci rod
Gram staining reaction + S + = = - -
Catalase + + + + - - +
Coagulase + - + = - + -
Methyl red - - = = = -

VP - = = = - -

Indole + + = + = - -
Oxidase - + = - - +
Motility - + - + - - +
Maltose - + + ++

Sucrose -+ I=F + -+ - + ot
Lactose -+ Sints ++ ++ o -
Glucose ++ ++ + ++ + ++ +
Fructose ++ A=r ++ -

+ positive, - negative, ++ positive with gas production, -+ negative with gas production, Spp species.

Table 4. Prevalence of Bacterial Isolates on the selected Office Door handles examined.

Buildings Staphylococcus spp Bacillus spp Micrococcus spp Escherichia spp Klebsiella spp Salmonella spp Pseudomonas spp  Total (%)
FA 6 (11.1) 0 (0.0) 11 (39.2) 10 (18.9) 4(20.0) 6 (14.6) 5(13.5) 42 (16.0)
FSS 8 (14.8) 0(0.0) 2(7.1) 6(11.3) 0(0.0) 4(9.8) 5(13.5) 25(9.5)
MEDC 8(14.8) 6 (20.0) 3(10.7) 13 (24.5) 0 (0.0) 9 (22.0) 11 (29.7) 50 (19.1)
AB 9 (16.7) 10 (33.3) 4(14.2) 5(9.4) 6 (30.0) 0 (0.0) 3 (8.1) 37 (14.1)
FH 17 (31.4) 14 (46.7) 6(21.4) 11 (20.8) 6(30.0) 12 (29.3) 6(16.2) 72 (27.4)
FPS 6 (11.1) 0 (0.0) 2(7.1) 8 (15.1) 4(20.0) 10 (24.4) 7 (18.9) 37 (14.1)
Total 54 (20.5) 30 (11.4) 28 (10.6) 53 (20.2) 20 (7.6) 41 (15.6) 37 (14.1) 263

P value=0.000 (P<0.05)

Key: FA=Faculty of Art complex; FSS=Faculty of Social Science complex; MEDC=Medical Centre; AB=Administrative Block (AB); FH=Female hostel

complex; FPS=Faculty of Physical Science complex

4. Discussion

This study has revealed the occurrence of the cysts, oocysts
and ova of several parasitic protozoans and helminthes as well
as different species of Bacteria on office door handles in
selected offices of Nnamdi Azikiwe University, Awka,
Anambra State, Nigeria. In this study, 30.8% of the office door
handles were contaminated with parasites. Most of the parasite
species which were encountered in this study have also been
reported in other contact surfaces in previous studies. The
contamination rate of this study was higher than the overall
prevalence of 8.8% in computer keyboards and mouse in
internet cafes by Ndams and Jimoh [35]; but lower than 33.3%
reported by Orji et al, [36] on dirty currency notes, 41.6% by
Ngoda [29] on toilet and bathroom door handles/knobs and

65.7% by Aminu et a/ [37] in fomites.

This indicates that door handles are repositories of
resistant stages of important medical and veterinary parasites.
The presence and isolation of resistant stages of such a high
diversity of parasites from door handles reflect the
unhygienic nature of some of the large number of humans
that make daily visits to schools for various programmes. It is
therefore plausible that the heavy contaminations observed
on door handles in this study could be traced to very poor
personal hygiene of such persons. This implies that hand
washing after toilet usage is not being done properly leading
to adherence of these enteric organisms on human hands
which are eventually deposited on door handles. Hands
appear to be the most vulnerable parts of the human body
that are used to operate and or in contact virtually with the
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entire door handles in this study. Thus humans who work in
and or transact businesses in these contaminated
environments could be at the risk of being infected by some
of the encountered parasites.

Medical Centre had the highest parasite contaminated
doors. This could be as a result of the category of people
visiting the Medical Centre. Other offices may have been
occupied or visited by healthy workers and visitors but
majority of people visiting the Medical Centre are sick
people which are already debilitated with different types of
infection. Since people with different types of ailment are
using the doors, going into consulting rooms, pharmacy for
drugs and laboratories, the doors in Medical Centre is prone
to contamination more than other doors examined.

E. histolytica and A. lumbricoides were the most dominant
parasites encountered. Incidentally, the cysts of E. histolytica
and ova of A. lumbricoides are infective and these two
parasites are most likely to be contracted in school
environments. They can withstand disinfectants used on
contact surfaces [38]. Ibidapo and Okwa [39] attributed the
ubiquity of Ascaris lumbricoides to high resistance of its ova
to harsh environmental conditions. Cysts of E. histolytica,
Giardia spp. and oocysts of Cryptosporidium spp. have thick
walls that could withstand desiccation and preserve their
infectivity [40]. It must be noted that this study was done in
the warm months of the year. This as well as the tropical
climate provide a conducive atmosphere for the development
of these parasites [41, 42].

A total of 60.9% of the office door handles yielded
bacterial growth. This was less than 64.5% bacterial
contamination recorded by Abiose, [43] in Adekunle Ajasin
University, Akungba -Akoko, Ondo State, Nigeria; 75.29%
reported by Tiku et al., [19] in door handles in University of
Calabar Community; 86.7% by Nworie et a/ [18] in door
handles of public conveniences in Abuja; 87.1% reported by
Al-Harbi et al., [44] in frequently used Fomites in Kuwait.
However, it was higher than 43.5% of the bacterial
contamination recorded by Hisham, [45] in office door
handles of different universities in Khartoum State; 20.33%
by Omololu-Aso et al, [46] in door knobs in Obafemi
Awolowo University Teaching Hospital Complex, Ife,
Nigeria and 16.11% reported by Ajenifuja and Ajibade, [47]
on computer mouse and keyboard in Ado-Ekiti, Nigeria. The
difference may be as a result of differences in location as
well as environmental factor such as sanitation.
Contamination on these door handles may have been as a
result touching the door handle with an already contaminated
hand. Previous studies have shown that frequently used
fomites were most likely contaminated and carried higher
loads of heterotrophic bacteria [8].

The present study demonstrated that majority of the

bacteria, transmitted through door handles are Gram negative.

Staphylococcus and Escherichia spp were predominant
bacteria encountered while Klebsiella was the least. This is in
line with the work of Alonge et al., [48] in Baze University
Abuja, Odigie et al. [5] in Benin City, Lincy et al. [49] in
India and Bhatta er al. [50] in Nepal. The presence of

Escherichia spp, Salmonella spp, Klebsiella spp, infers
contamination by faecal matter, suggesting poor hygienic
practices of improper washing of hands after visiting toilets
before opening the office doors. The presence of
Pseudomonas spp, a predominant soil bacterium, suggest
transmission brought in from foot wears and settling dust
suspensions. Bacillus isolated could be explained by their
spore forming ability which made it to be able to resist harsh
environmental condition, withstand dry heat and certain
chemical disinfectants for a considerable period. The isolated
bacterial pathogen on door handles in this study are
consistent with the findings of other researchers [51, 18, 52,
5], with Staphylococcus spp being the most prevalent.
Contamination by Staphylococcus aureus, a bacterium of the
skin flora, suggests direct contact of the doors by individual
handlers [53-55]. Staphylococcus and Pseudomonas have
been linked to urinary tract infections, bacterial diarrhoea,
bacterial meningitis and bacterial pneumonia [56].

Female hostel had the highest bacterial isolates on the door
handles. This is in agreement with the findings of Nworie et
al., [18], Flores et al., [54]. This could be as a result of
possible sanitation and personal hygienic standard of the
users. This is in accordance with the work of Boone and
Gerba [11], who also reported that the level of contamination
varies depending on the traffic exposure and the environment.
Baadhaim et al., [57] and Oranusi et a/ [31] indicated that the
door handles may aid in the spread of microbes between
individuals and that they may be a reservoir of microbial
contamination.

5. Conclusion

These results obtained from these studies showed high level
of microbial contamination on the office door handles which
are underestimated as source of contamination of human hands
with potentially pathogenic bacteria and parasites and thus a
possible cause of self-infection or cross infection to others.
Given the potential of transmission of enteric pathogens
amongst human subjects in the school, improved sanitary and
control measures such as internal control policy for routine
disinfection and the choice of disinfectants as well as treating
contaminated facilities by installing secondary disinfection
systems (ultraviolet lamps or ozone disinfection systems) is
also important, while also maintaining good personal hygienic
practices to prevent the transfer and spread of pathogens from
these fomites. Considering factors like the number of sites, the
number of samples collected, conditions under which the
research work was carried out, further studies are
recommended to validate the results of the present study by
using more different culture media.
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