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ABSTRACT

The impact of occupational exposure on bacterial community dynamics in selected ecological
niches of the human dermal ecosystem was examined. Samples were collected from three
skin niches (palms, forearms and feet) of volunteers for different occupations (automobile
mechanics, civil servants, food vendors, traffic officers, masons and welders) to make a
composite and examined using standard microbiological methods. Results showed that 46.7%
of the bacteria abundance was from the palms, 28.7% from feet and 24.6% from forearms.
Based on occupation type, the highest bacterial abundance was isolated from Mason (23.5%)
while the lowest was recorded in Civil servants (11.4%). Based on occupational exposure by
niches, palms have the highest bacterial abundance from Masons (26.8%) while the lowest
was from Auto-mechanics (9.4%). Forearms have the highest from Masons (20.9%) while the
lowest was from civil servants (6.0%). Feet have the highest from Masons (20.5%) while the
lowest was from Civil servants (10.3%). Eight (08) bacterial species (Micrococcus luteus,
Bacillus subtilis, Staphylococcus aureus, Staphylococcus epidermidis, Streptococcus
viridans, Citrobacter spp., Escherichia coli and Proteus mirabilis) were isolated from the
palms, Five (05) (Bacillus subtilis, Staphylococcus aureus, Staphylococcus epidermidis,
Staphylococcus saprophyticus and Pseudomonas aeruginosa) from the fore arms while Seven
(07) species (Corynebacterium spp., Propiniobacterium granulosum, Bacillus subtilis,
Staphylococcus aureus, Staphylococcus epidermidis, Proteus mirabilis and Pseudomonas
aeruginosa) from the feet. B. subtilis, S. aureus, S. epidermidis were common to all niches.
Occupational exposure can cause dermal bacterial community dynamics which could be of
potential dermatological importance.
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INTRODUCTION against the invasion of pathogens by
Diverse microbial populations inhabit  signaling immune system cells and inducing
different ecological niches on human skin  an immunological response. Other bacteria
and are impacted by environmental operate as a protective agent against
conditions such as humidity, temperature,  pathogenic bacteria by secreting chemicals
pH, lipid content, and the presence of host-  that inhibit harmful microbes from invasion
produced antimicrobials (Bouffard et al., (Leenaetal., 2016).

2009). Some of the bacteria defend the skin
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Ecological niches of the skin ecosystem such
as the sebaceous or oily area zone (head,
neck, and trunk), moist zone (elbow creases,
spaces between toes), and dry areas (wide
surfaces of the arms and legs) are the three
dermal habitats (environments) that skin
bacteria prefer to inhabit (Zipperer et al.,
2016). Sebaceous zones ecologically have a
higher species richness than moist and dry
ones. The spaces between fingers and toes,
the axillae, and the stump of the umbilical
cord were the parts of the body where
humans differed the least from one another
in terms of bacterial species (Grice et al.,
2009).

The human dermal ecosystem is built up of
microbial communities that live in symbiotic
relationships with the host organism and are
constantly communicating via complex
signals produced by the innate and adaptive
immune systems (Van Rensburg et al.,
2015). The ecosystem is typically
predominated by the phylum Actinobacteria,
Proteobacteria, Firmicutes, and
Bacteroidetes while the most prevalent
genera within these phyla are those in
Propionibacterium, Corynebacterium,
Staphylococcus, Micrococcus, and
Brevibacterium (Van Rensburg et al., 2015;
Mukherjee et al., 2016). The skin natural
bacterial population are influenced by
delivery methods. For example,
Acinetobacter and

Staphylococcus are more prevalent on the
skin ecosystem of babies delivered via
Caesarean section while Lactobacillus and
Prevotella are on those conventionally
delivered via the vagina (Dominguez-Bello
et al., 2010).

Dermal bacterial abundance and diversity
change over time as a result of endogenous
and exogenous variables including age,
gender, cosmetic use, biogeography and
genetics that each individual possesses
(Capone et al., 2011; San Miguel and Grice,
2015; Alisa et al., 2017) that may have an
impact on this balanced system, allowing
them to collaborate with their hosts to either
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sustain or disturb the local dermal ecology
(Sanford and Gallo, 2013). Dermal bacteria
can cause minor infections (such as
abscesses, boils and cellulitis) to life-
threatening conditions including meningitis,
food poisoning, and development of
inflammatory dermal problems such as
infections, allergies, or autoimmune illnesses
(Nakatsuji et al., 2017).

Researchers have been interested in the
normal bacterial flora of the human skin for
a long time, but it is challenging to find an
accurate description of the typical bacterial
population of ordinary human skin
(Mukherjee et al., 2016). Understanding the
delicate balance between the host ecosystem,
and bacterial population can improve the
skin as an ecosystem made up of living
biological and physical components that
inhabit various habitats. This study therefore
examines the impact of occupational
exposure on the abundance and distribution
of bacterial communities in selected
ecological niches of the human dermal
ecosystem.

MATERIALS AND METHODS

Study Area

This investigation was conducted in
Abeokuta, the capital of Ogun State in
Southwest Nigeria (7°9' 39"N, 3°20' 54"E),
which is located on the east bank of the
Ogun River, close to a cluster of rocky
outcrops in wooded savanna, 77 km (48
miles) by railway, or 130 km (81 miles) by
water North of Lagos. 449,088 people are
living in Abeokuta and the surrounding area
as of 2006. It is located in Nigeria's
rainforest zone and has a tropical climate
with distinct wet and dry seasons; with a dry
season lasting roughly 130 days. Ten (10)
participants from six (6) different
occupations were taken into consideration
for the research's purposes which was
carried out in June 2023. This comprises
traffic officers, civil servants, food vendors,
masons, welders and automobile mechanics
(Table 1).
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Participant Consent

Before the collection of the dermal samples,
the purpose of the study was discussed
verbally and acceptance was obtained from
the participants.

Sampling Procedure

The ecological niches (Palms, Fore Arms
and Feet) of the ten participants were
sampled from both the right and left sides of
the body to make a composite for each
occupation. The collection was done by
delineation a 16cm? area of the parts with a
sterile swap and scrubbing the skin in such
area with swabs moistened in normal saline.
These swabs were suspended in 2.5 cm® of
freshly prepared normal saline solution in
test tubes and shaken on a wrist-action
shaker for 5 minutes (Ogai et al., 2018).
Each sample was cultured in triplicates.

Quality Control and Bacterial
Examination

All glass wares and kits used were sterilized
using autoclaving and aseptic methods. The
workbench and the used areas were
sterilized with freshly prepared 90% ethanol
solution. A spirit lamp was lit up to ensure
that the air in the vicinity of the workbench
was free of contaminants. The nutritive
medium used was Nutrient agar for bacteria
isolation (Umoren, 2021). One (1) mL of the
swab solution was transferred in 9mL
distilled water. This was then followed by
serial dilution into 9mL of distilled water
into different dilution factors of 10, 102
and 107, 1 mL of each of these dilutions was
subsequently inoculated into sterile plates
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after which the sterilized prepared media
were poured into the plates. Bacteria plates
were incubated at 37°C for 18 to 48 hours.
The bacterial abundance (count) was
determined by visual counting (Ademolu
and Idowu, 2011). The distinct colonies
were sub cultured into other selective
mediums to get a pure culture. The
identification of the bacteria colonies was
done using classification schemes of
Bergey’s Manual of Systematic Bacteriology
(Cheesbrough, 2006) and according to
Ademolu and Idowu (2011).

Characterization and Identification of the
bacterial isolates

The bacterial isolates were characterized
using the following features (size, form or
shape, edge, texture, degree of opacity and
colour) of each colony (Cheesbrough, 2006).
They were also characterized based on their
shapes and appearance using differential
Gram's staining technique (Cheesbrough,
2006; Umoren, 2021). The biochemical tests
done on the isolates included catalase,
coagulase, urease, indole, citrate, hydrogen
sulphide, methyl red, oxidase, voges-
proskauer, and carbohydrate fermentation
test (Cheesbrough, 2006).

Data Management and Analysis

Data collected was subjected to statistical
analyses using the Statistical Package for
Social Sciences (SPSS) Version 21.0. Value
was expressed as in Mean =SD. Microsoft
Excel was used to compute the percentage
and generate data visualization.
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Table 1: Description of the occupations of people used for this study

Occupation

Description

Auto-
Mechanics

A mechanic who services and fixes automobiles is known as an auto
mechanic, automotive technician or motor mechanic; they may occasionally
specialize in one or more car brands or work with any brand. Their primary
responsibility when fixing cars is to precisely identify the issue and carry
out a speedy repair. Their work may involve replacing one or more parts as
assemblies or repairing a single part (Auto mechanic, 2024).

Civil
servants

The word "civil service" refers to a sector of government made up mostly of
career civil servants who are hired based on their professional ability rather
than being appointed or elected, and whose institutional tenure often endures
changes in political power. A person engaged in the public sector by a
government department or agency for public sector endeavours is referred to
as a civil servant, sometimes known as a public servant (Longley, 2023).

Food
vendors

A food vendor prepares and provides the general public with ready-to-eat
cuisine. At sporting or event venues, fairs, and festivals, food vending
frequently takes place at food concessions. Some vendors have a mobile
kitchen that serves cuisine at various locations (Reznar et al., 2019).

Masons

Mason also known as a bricklayer is a worker whose profession involves
constructing units made of different synthetic or natural mineral goods, such
as tiles, bricks, or cinder blocks, typically with the aid of mortar or concrete
as a binding material (Masonry, 2024).

Traffic
officers

Officers who control traffic or work in a traffic policing unit to enforce
traffic laws are known as traffic officers, often known as traffic cops or
traffic enforcers. Officers who deal with traffic violations on other roads as
well as policemen who patrol main thoroughfares make up the traffic police
(Traffic officer, 2024).

Welders

Anyone who uses welding equipment, whether they are professionals or
amateurs, is a welder, possibly especially if they do it frequently. A welder
is a tradesperson who focuses on joining materials (such as steel,
aluminium, brass, stainless steel, etc.) together. The machine is referred to
as the welding power supply, while the operator is referred to as the welder
(Welder, 2023).

RESULTS

Bacterial Ecological Abundance

The mean ecological abundance of bacteria
from the selected ecological niches on
human skin is presented in Table 2.
Generally, the result revealed a total of two
hundred and seventy-two (272) bacteria
abundance from the studied ecological
dermal niches. One hundred and twenty-
seven (46.7%) of the total bacterial
abundance was from the palms niche,
seventy-eight (28.7%) of the total bacterial

abundance was from the feet niche while
sixty-seven (24.6%) of the total bacterial
abundance was from the forearms niche.
According to the total occupational
exposure, Mason (64) accounted for 23.5%
of the total bacterial abundance followed by
Traffic officers (49) accounting for 18.0% of
the total bacterial abundance while the
lowest bacterial abundance was recorded in
Civil servants (31) accounting for 11.4% of
the total bacterial abundance.
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The bacteria abundance by occupation
appears in the order of Masons> Traffic
officers> Food vendors> Welder> Auto-
mechanics> Civil servant.

Based on occupational exposure by niches,
the palms' ecological niche has the highest
bacterial abundance from Masons (26.8%)
followed by Traffic officers (18.1%) while
the lowest from Auto-mechanics (9.5%).
The bacteria abundance by occupation
appears in the order of Masons>Traffic
officers>Food vendors>Civil
servant>Welder>Auto-mechanics. The
Forearms niches have the highest bacterial
abundance from Masons (20.9%) followed
by both Food vendors and Auto-mechanics
(19.4%) respectively while the lowest was
from civil servants (6.0%). The bacteria
abundance appears in the order of Masons>
Food vendors= Auto-mechanics> Welders>
Traffic Officers> Civil Servants. The Feet
ecological niches have the highest mean
bacterial abundance from Masons (20.5%)
followed by both Traffic Officers and Auto-
mechanics (19.2%) respectively while the
lowest was from Civil servants (10.3%). The
bacteria abundance appears in the order of
Masons> Traffic Officers= Auto-
mechanics> Welders> Food vendors> Civil
Servants.
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Bacterial Ecological distribution on parts
of the Human skin

The distribution of bacterial species on the
selected dermal niches is presented in Tables
3-5. The results showed that the palm has
the highest bacterial species followed by the
feet while the least was in the forearm. Eight
(08) bacterial species (Micrococcus luteus,
Bacillus subtilis, Staphylococcus aureus,
Staphylococcus epidermidis, Streptococcus
viridans, Citrobacter spp., Escherichia coli
and Proteus mirabilis) were isolated from
the palm niche; 50% of the bacterial species
were observed in the palm of Civil Servants,
Food Vendors, Traffic Officers and Welders.
Staphylococcus aureus and Staphylococcus
epidermidis were distributed across all
occupation type (Table 3).

Five (05) bacterial species (Bacillus subtilis,
Staphylococcus  aureus, Staphylococcus
epidermidis, Staphylococcus saprophyticus
and Pseudomonas aeruginosa) were isolated
from the fore arm niche. Sixty percent (60%)
of the bacterial species was present in the
fore arms of all occupation while Bacillus
subtilis was the only bacterial species
distributed across all the fore arm niche.
Staphylococcus aureus and Staphylococcus
epidermidis was distributed across the
occupation type except for Auto-Mechanics
and Food Vendors respectively (Table 4).



Table 2: Mean Bacterial Ecological Abundance on selected parts of Human skin
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Ecological Niche (cfu x10?)

i 0,
Oceupation Palms Percentage (%) Fore Arms Percentage (%) Feet Percentage (%) Total Percentage (%)
Auto-Mechanics 12 +0.12 94 13 +0.25 194 15+0.12 19.2 40 147
Civil servants 19 +0.00 15.0 04+0.12 6.00 08+0.12 10.3 31 11.4
Food vendors 22+1.41 17.3 13+0.50 194 11+0.00 141 46 16.9
Masons 34+0.71 26.8 14+2.12 20.9 16+ 0.00 20.5 64 235
Traffic officers 23+0.50 18.1 11+0.12 16.4 15+0.25 19.2 49 18.0
Welders 17+2.12 134 12+0.00 17.9 13+0.50 16.7 42 15.4
Total 127 (46.7) 100 67 (24.6) 100 78 (28.7) 100 272 100
Table 3: Ecological Distribution of Bacteria on Palms Ecological Niches
Taxonomic taxa Occupation
Phylum Class Order Scientific name Auto- Civil Food Masons Traffic Welders
mechanics servants vendors officers
Actinomycetota Actinomycetia Micrococcales Micrococcaceae Micrococcus luteus *
Bacillota Bacilli Bacillales Bacillaceae Bacillus subtilis * * *
Staphylococcaceae  Staphylococcus aureus * * * * * *
Staphylococcus epidermidis * * * * * *

Pseudomonadota Gammaproteo
Bacteria

Lactobacillales
Enterobacterales

Enterobacteriaceae

Streptococcus viridans
Citrobacter spp.
Escherichia coli

Proteus mirabilis

Key: * = Present
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Table 4: Ecological Distribution of Bacteria Population on Fore Arms Ecological Niches

Taxonomic taxa Occupation
Phylum Class Order Family Scientific Name Auto- Civil Food Masons  Traffic ~ Welders
mechanics  servants vendors Officers
Actinomycetota  Actinomycetia ~ Mycobacteriales Corynebacteriaceae Corynebacterium spp. * *
Propiniobacterium *
granulosum
Bacillota Bacilli Bacillales Bacillaceae Bacillus subtilis *
Staphylococcaceae Staphylococcus aureus * * * * * *
Staphylococcus epidermidis * * * *
Pseudomonadota Gammaproteo  Enterobacterales Enterobacteriaceae Proteus mirabilis *
Bacteria Pseudomonadales  Pseudomonadaceae Pseudomonas aeruginosa *

Table 5: Ecological Distribution of Bacteria population on Feet Ecological Niches

Taxonomic taxa Occupation
Phylum Class Order Family Scientific name Auto- Cil Food  Masons Traffic Welder
mechanics  servants  vendors officers 5
Bacillota Bacilli Bacillales Bacillaceae Bacillus subtilis * * * * * *
Staphylococcaceas  Staphyviococcus * * * * *
aureus
Staphviococeus ® ® # ®
epidarmidis
Staphviococeus ® ®
saprophyvticus
Pseudomonadota Gammaproteo Pseudomonadales Pseudomonadacege Pseudomonas *
Bacteria aeruginasa

Key: * = Present
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Seven (07) bacterial species
(Corynebacterium spp., Propiniobacterium

granulosum, Bacillus subtilis,
Staphylococcus  aureus,  Staphylococcus
epidermidis,  Proteus  mirabilis  and
Pseudomonas aeruginosa) were isolated

from the feet niche. Forty-three (43%) of the
bacterial species were present in the feet of
Auto-mechanics, Food vendors, Traffic
officers and Welders. Staphylococcus aureus
was distributed across the feet niches while
Staphylococcus  epidermidis was also
distributed across the feet except for Auto-
Mechanics and Masons (Table 5).

DISCUSSION

Occupational exposure plays a role in
shaping the bacterial community in the
human dermal ecosystem (Nazaroff, 2019)
and understanding the dynamics of different
skin niches is valuable for dermatological
research (Hannigan and Grice 2013). The
obvious high bacterial abundance in Masons
across dermal niches, palms and feet of
traffic officers, the forearms and feet of Auto
mechanics and the forearms of the food
vendors is traceable to the nature of their
work environments and the types of
substances exposed. Manson and Auto
mechanics are well known to be linked with
the contaminated soil, water and dust
particulates from their work activities (Wu
and Li, 2015; Nazaroff, 2019). Furthermore,
Traffic officers and food vendors might have
been exposed to these bacteria through
exposure to contaminated outdoor dust or
hand-to-surface/ hand contact. Soil, dust and
water have been reported to harbour a wide
of bacterial species such as P. aeruginosa,
M. luteus and P. miribalis (Wu and Li, 2015;
Jamil et al., 2023). The obvious high
bacterial abundance in palms can be linked
to frequent exposure to environmental
surfaces,  objects and handshaking
(Edmonds-Wilson, 2015). The low bacterial
diversity from on the feet is in line with the
work of (Findley et al., 2013) who reported
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a lower bacterial diversity in the feet than in
the arm and core body. Staphylococcus
aureus, S. epidermidis and B. subtilis were
the bacterial species common to all dermal
niches. These bacteria including M. luteus
are widely known to be skin-natural flora
(Van Rensburg et al., 2015; Cundell, 2018),
Although, bacterial diversity of the skin can
change over time as a result of
environmental exposure (San Miguel and
Grice, 2015) and may have an impact on the
balanced system, leading to opportunistic
health conditions (Findley et al., 2013).
Pseudomonas aeruginosa is common to
forearms and feet while P. mirabilis is
common to the palm and feet. Pseudomonas
aeruginosa is an ubiquitous environmental
bacterium which causes opportunistic human
infections (Wu et al., 2014). Micrococcus
luteus, Streptococcus viridans, Citrobacter
spp. and E. coli. are unique to the palms. E.
coli is emerging as one of the most
important  human  pathogens globally
(Poolman et al., 2022). However, in this
case, it could be a potential non-intestinal
infection, categorized as extra-intestinal
pathogenic E. coli (Ranjan et al., 2017).
Staphylococcus saprophyticus is unique to
the feet while Corynebacterium spp. and P.
granulosum are unique to the feet. This is
consistent with a study by (Findley et al.,
2013; Byrd et al.,, 2018) who reported
predominantly Propionibacterium,
Corynebacterium spp. and Staphylococcus
from the toe region. The differences in
bacterial abundances and distribution among
occupational groups give an insight that type
of occupation can act as a catalyst for
exposure risk to opportunistic potentially
pathogenic bacteria to establish disease
(Montano, 2014).

CONCLUSION

This research provides insight into the
impact of occupational exposure on bacterial
community dynamics within the selected
niches of the human dermal ecosystem.
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The variations observed in bacterial
abundance and  distribution  among
occupational groups and skin niches

underscore the need for further investigation

into occupational health and safety.
However, Mason, traffic and Auto
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