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ABSTRACT

Study was carried out to investigate bacteria in urine contaminated soils within University of

Benin Ugbowo campus. Five soil samples were collected and analyzed using soil serial dilution

and pour plating techniques. Nutrient agar was used for bacteria isolation and subculture. Urine

contaminated soil samples were collected from Hall three, Life science complex and Library

extension while control soil samples were collected from Hall two car park and Hall three.

Bacteria isolated from these soil samples and their prevalence include Bacillus subtilis (80%),

Staphylococcus aureus (40%), Micrococcus luteus (60%), Escherichia coli (20%), Klebsiella

pneumonia (40%) and Pseudomonas aeruginosa (60%). Hall three control soil had the highest

bacteria count while Life science complex had the lowest bacteria count with the range of 5.5 ×

10³ Cfu/ml and 7 × 10³ Cfu/ml. Various biochemical test were carried out which include oxidase

test, citrate test, indole test, TSIA test, to identify isolates based on their reaction to these test.

Antibactrial susceptibility test was also carried out. Antibiotics used include Gentamycin,

Colistin, Carbenicillin, Ciprofloxacin and Tetracyclin. Urine contaminated soils are threats to the

public’s health since they can be used as routes for the spread of infection.
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CHAPTER ONE

INTRODUCTION

1.1 Background study

Soil is a natural cultural media for the growth of many types of organisms. The inorganic and

organic matter in the soil determines the fertility of the soil and enhance the growth of different

microorganisms that play vital role in preserving the nutritional balance of the soil (Dada and

Aruwa, 2014).

The highest concentration of organic matter and microorganisms is located in the topsoil and it

is where most of the earth’s biological soil activities occur. Hence, earth depend on soil to a great

extent and as humans population grows, its depth , season of the year, state of cultivation,

organic demand for food from crops increases, thereby making soil conservation very crucial.

Some of the carelessness and activities carried out by humans are deforestation, pollution from

man-made chemicals, over development and human wastes (Joanne et al., 2008).

The primary recyclers of nutrients in the soil are bacteria and fungi. Microbial population

found in soil decreases with depth and majority of microbial population is found in the upper 6-

12 inches of the soil (Bridge and spooner, 2001). The kinds and number of organisms found in

the soil depend on the temperature, aeration, nature of soil, matter and moisture. Different

species of bacteria thrive in different microenvironment in the soil and on different food sources.

No single cultural environment or isolation media can provide the necessary physical conditions

and nutrients satisfactory for the growth of every viable cell (Elaine, 2009). Hence, each culture

media or environment will only support the growth of cells that can adapt to its particular
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nutrient and physical condition. A wide range of soil microorganisms are yet to be discovered.

Much of the experience with bacteria involves disease (Hoglund et al., 2002).

Urine is a pale yellow to amber fluid produced by the kidneys and it is composed of uric acid,

urea, minerals, chloride, sulphur, nitrogen, ammonium, calcium, sodium, iron, carbolic acid,

copper, manganese, potassium, copper, salts, hippuric acid, creatinine, vitamins A, B, C, and E,

enzymes (Dada and Aruwa, 2014). Urea is abundant in the urine of humans and other mammals

(Drangert, 2000). The urinary tract and bladder are usually sterile. However, the urethra may

contain a few commensals. Some of these commensals are Acinetobacter species, Diphtheroids,

Enterobacteria, and some skin microfloral such as Gram positive Micrococci, Staphylococci and

Gram positive Enterococci (cheesebrough, 2006). Proper disposal of urine is important to

prevent pollution and minimize the possibility of spreading disease. Some possible effect of

uncontrolled urine disposal are that, it damages property value, it is disgusting, impacts the

quality of life that live in the polluted area and it is a possible means of disease spread (Knuttson

and Kiddljunggren, 2000; Hoglund et al., 2002).

In Nigeria, urine deposition in public places go on unchecked and has become a problem, a

close examination of such soil macrocosm reveals clear discolouration, patchiness of soil, and

pungent ammoniacal smell (Chukwu et al., 2018).

1.2. AIM AND OBJECTIVE

The aim of this research was to ascertain the bacteriological quality of urine contaminated soil

in University of Benin, Ugbowo Campus. The specific objectives were to:
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 Determine the total heterotrophic bacteria count of the soil samples.

 Isolate and identify bacterial isolates using standard microbiological techniques.

 Determine the susceptibility of bacterial isolates to antibiotics.
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CHAPTER TWO

LITERATURE REVIEW

2.1. Soil properties

2.1.1. Soil structure

Although soil structure has been highly studied, it remains the least understood of those

physical properties that have significant impacts on environmental quality, agricultural

sustainability, crop production (Rattan, 1991). In simple terms, soil structure implies “size, shape,

arrangement and packing of soil particles into identifiable units” (Rattan, 1991). Soil structure

has high impact on aeration, water movement, resistance to erosion, and plant root growth.

2.1.2. Soil texture

Soil texture refers to the relative composition of sand, silt and clay (mineral particles < 2 mm)

and is derived after the physical splitting and chemical scattering of the aggregates (Sandoval et

al., 2012). Soil behavior is affected by soil compositions, including the retention capacity of

nutrients and water (). Sand and silt are derived from physical weathering, while clay is gotten

from chemical weathering. Texture is one of the most important properties of a soil, and it has a

great effect on crop production, land use, and management. Nutrient retention and drainage

capabilities are variables dependent on soil texture. The texture of a soil is considered a

permanent soil attribute because it does not easily respond to change. There is less you can do to

change soil texture because they are not easily alterable” (Gershuny, 1993). In agreement with

Berry et al. (2007), “It is very expensive and thus unproductive advised to modify a soil’s

texture.”
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Clay content has retention capacity for nutrients and water. Clay soils resist wind and

water erosion better than silt and sandy soils, because the particles are more tightly joined to

each other. In medium textured soils, clay is often translocated downward through the soil profile

and accumulates in the subsoil. Soil texture is the capacity of soils to store water and nutrients

increases when their clay percentage increases since clay has a large surface area/unit volume

and they can absorb large amounts of water and nutrients. A soil with sandy texture has difficulty

in retaining water and thus nutrients are not made available to the plants growing in such soil. A

clayey soil is poor in aeration thus debilitating the plant growth. Loamy soil is the best textured

soil for crop production since it has all the beneficial aspects not found in the sandy and clayey

soil. Soil texture is one of the most important properties of soil particularly when dealing with

water movement through the soil. Soil mechanical and engineering are also influenced by water.

2.1.3. Particle size distribution

Particle size distribution (PSD) of soil is assessed based on the amount and size of these

mineral particles, usually by sieving and sedimentation analyses (Carter and Gregorich, 2006).

PSD is a physical property that is usually used to categorize soils (Skaggs et al., 2001), and to

estimate soil hydraulic properties with the use of pedotransfer functions (Rabot et al., 2018),

being also an important variable for the productive and long lasting management of soils

(Kettler et al., 2001; Di Stefano et al., 2010). PSD provides insight into the behavior of soil (Qi

et al., 2018). PSD of a soil is alterable with soil formation processes, clay fraction mineralogy

and soil organic carbon (SOC) (Kleber et al., 2015; Zúñiga et al., 2019). When it comes to the

determination of PSD of a very reactive soil with a high SOC content the latter can become a

problem. Micro-aggregates are resistant to dispersing agents, therefore additional procedures

must be implemented to reach soil sample dispersion due to the binds of or-mic (mainly Al and
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Fe) distributed in the soil (Wagai et al., 2020). Moreover, soil dispersion is incomplete, the drag

resistance of particles increases due to their irregular shapes, reducing the sedimentation rate and

reducing the soil clay fraction (Di Stefano et al., 2010). On the contrary, a prolonged dispersion

to remove the cementing agents and separate the fractions can lead to false PSD results due to

the disintegration of the primary minerals (Velescu et al., 2010). Therefore, soil textural class is

sometimes adopted instead of PSD (Haller et al., 2015). The clay fraction (< 2 μm) consist of

layered aluminosilicates, hydroxides, metal oxides, and non-crystalline aluminosilicates (e.g.,

allophane and imogolite). Soil aggregation, biological activity, and physico-chemical processes

are influenced by this fraction (Yudina et al., 2018; Wiesmeier et al., 2019). A high clay content

enhances the stability of aggregates (Six et al., 2002) because clay has a high specific surface

area, which can stabilize organic compounds present in the soil (Wiesmeier et al., 2019; Clunes

and Pinochet, 2021). A highly reactive mineral fraction generates strong or-mic (Kleber et al.,

2015), which can alter the determination of clay and silt fractions and, consequently, of the

degree of C stabilization (Plante et al., 2006).

2.2.4. Bulk density and porosity

Bulk density is simply the ratio of the weight of oven dry soil in an intact core to the volume of

the soil core (White, 2009). It has been suggested as a measure of soil quality in different studies

(Larson and Pierce, 1991; 1997; Glover et al., 2000; Sparling et al,. 2004; Pattison et al., 2008).

Bulk density, however, is an insensitive measure of how root growth, air movement and water

respond to soil structure (Kirchhof and Daniells, 2001). MacEwan, (2007) suggested that a

comparison of field bulk density with the maximum bulk density determined by a Proctor

compaction test for that soil may be a more useful measure than bulk density per se.
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Soil compaction is a major challenge in agriculture because of its significant effect on

productivity (Keesstra et al., 2016). The bulk density (ρb) of soil is regarded as a major

parameter that is associated with soil compaction and many physical, chemical, and biological

properties of soil. It is calculated as the ratio of the dried mass of soil to its total volume (Han et

al., 2016; Walter et al., 2016). Soil bulk density can be derived from measurements of soil

organic carbon using regressions methods, such as pedotransfer functions (PTFs) (Holmes et al.,

2012; Rudiyanto et al., 2016; Yi et al., 2016). Accurate soil bulk density data is also indicates the

level of soil porosity and moisture content as it depends on soil texture and structure. Such data

also provide valuable information on soil compaction stress and can be used to calculate soil

penetration resistance. Furthermore, some studies claim that the bulk density value of a soil is

valuable indicator of its thermal properties (Russell et al., 2015). Bulk density value is

influenced by the depth of soil; soil bulk density values can be used to estimate soil quality,

productivity and carbon storage. Measurement of soil bulk density is important for deriving the

physical properties of soil because bulk density has effect on many physical properties of soil.

Total porosity (TP) is the ratio of the volume of pores to the volume of soil. In practice, total

porosity is derived from the bulk density by assuming a soil particle density of 2.65 g/cm3.

Although the volume of soil root and water occupy is dependent on soil total porosity (Pagliai

and Vignozzi, 2002), it does not give a measure of the number, size or shape of pores within the

soil. Generally, soils with higher porosity have a higher ability to store gases, liquids, solutes and

heat (Topp et al., 1997; Dexter, 2002). In a soil with a high content of expanding-lattice clays,

such as montmorillonite, the total soil volume and porosity changes proportionately with changes

in water content (White, 2003). The air-filled porosity at field capacity is the minimum volume



8

of air available at the wettest drained condition, and a critical value of 10–15% of the soil

volume has been suggested (Dexter, 1988).

2.1.5. Soil consistency and soil strength

Soil consistency and soil strength is simply the capability of the soil to withstand the loss of

structure through compaction, slaking caused by rainfall or irrigation, etc., and to resist

penetration by plant roots and burrowing soil fauna. A soil with good physical quality should be

strong enough to maintain its structure and hold plants upright but also weak enough to allow

deep penetration by plant roots, soil flora and fauna (Topp et al., 1997). The moisture content at

the moment of measurement affects the consistency or strength of the soil across the soil profile,

hence it is important to test the soil at the same moisture content every time to allow for

meaningful interpretation and comparison of results over time. A penetrometer can be used in the

field to assess soil strength quantitatively or subjectively by measuring the force needed to crush

air-dry aggregates. The latter measurement is done ideally in the winter after the soil has been

fully moistened and allowed to drain without significant evaporation (Murray and Grant, 2007).

2.1.6. Infiltration and available water

Field infiltration is a liable indicator of the extent in which water penetrates through a soil

profile. Infiltration, however, is affected by how rapidly water (through rainfall or irrigation) is

supplied to the soil and the water content of the soil at the time that water is supplied. Matric

suction is the main force supplying water into the soil when it is dry, but gravity becomes the

main force when the soil is wet. Water infiltration in clay soils that crack when dry usually

occurs preferentially down the cracks so that the soil wets up from the sides of aggregates as well
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as from the surface (White, 2009). The distribution of water in soil has a strong influence on the

distribution of root. The available water capacity (AWC) is the volume of water per unit depth of

soil that is apparently available for plant growth. Its upper limit is set by the field capacity, and

the lower limit is the permanent wilting point. While available water has been used by others as a

soil quality indicator (Larson and Pierce, 1991; Gugino et al., 2009; 2012), one of the issues with

using AWC is that the amount of available water will change with the rooting depth of the soil

(White, 2009). Moderate degree of water stress is encouraged in some stages of plant growth.

The intensity of water stress varies with the cultivar but water stress should not be regarded as

the major factor for good quality fruit (Lanyon et al., 2004). A major challenge with the use of

available water as a soil quality indicator is that the value obtained depends on soil type, rooting

depth, topography and distance from the plant (White, 2009). This property is therefore not

considered to be an important indicator of soil quality.

2.2.7. Soil resistivity

It is simply the measure of a soil’s ability to retard the conduction of an electric current. The

rate of galvanic, of metallic structures in contact with the soil can be affected by the electrical

resistivity. Higher moisture content or increased electrolyte concentration can reduce the

resistivity and increase the conductivity thereby increasing the rate of erosion. Soil resistivity

value typically range from about 2 to 1000 ohm meter, but more extreme values are not unusual

(Edwards, 1998).

Soil reactivity is generally evaluated through soil chemical indicators (Kleber et al., 2015),

which are useful to determine the physicochemical associations between mineral and organic

compounds (Dwivedi et al., 2019).
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2.1.8. Soil color

Soil color has no effect on the behavior and use of soil; however it can indicate the

composition of the soil and give clues to the conditions that the soil is subjected to (Brady et al.,

2006). Soil has a wide range of color; gray, black, red, brown, yellow, and under the right

condition green (Brady et al., 2006).Varying horizontal bands of color in soil often identify a

specific soil horizon. The development and distribution of color in the soil results from chemical

and biological weathering, especially ionic reactions. As the primary minerals in soil parent

material weather, the elements combine into new and colorful compounds. Aerobic conditions

produce uniform or gradual color changes, while reducing environments result in disrupted color

flow with complex, mottled patterns and points of color concentration.

2.2. Physico-Chemical Properties in Soil Quality

2.2.1 pH

The pH level of the soil is the most important aspect because of how it affects all other soil

parameters. As a result, pH is taken into account while analyzing any type of soil. A soil is

described as acidic if the pH is less than 7, normal if the pH is between 6 and 8, and alkaline if

the pH is greater than 8.5 ( Mahajan and Billore, 2014)

2.2.2 Texture Soil

In order to categorize agricultural soils according to their physical texture, soil texture is a

qualitative classification tool that is used in both the field and the lab. Different regions' soil has

a different texture, which is largely determined by the size of the particles. The impact of soil

texture on root penetration and aeration is evident. It has an impact on the soil's nutrient level as

well. Electrical conductivity is an important indicator of soil texture (Osakwe, 2014)
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2.2.3 Soil moisture

The soil's moisture content has a significant impact on how well nutrients are absorbed by the

soil. The texture of the soil reflects the influence of soil moisture (Kekane et al 2015).

2.2.4. Temperature of the soil

The proportion of absorbed to lost energy determines the temperature of the soil. The

temperature of soil varies from -20 to 60°C. The most significant characteristic of the soil is its

temperature since it demonstrates how it affects the chemical, physical, and biological processes

involved in plant growth. Season, time of day, and regional climate all affect soil temperature

(Kekane et al 2015).

2.2.5. Electrical conductivity

Another crucial characteristic of soil is electrical conductivity, which is used to assess the soil's

quality. It measures the number of ions in a solution (Tale and Ingole, 2015). A soil solution's

electrical conductivity rises as the concentration of ions does. Electrical conductivity is a rapid,

easy, and affordable way to assess the health of soils. It measures the number of ions in a

solution. A soil solution's electrical conductivity rises as the concentration of ions does.

2.2.6. Nitrogen

The most important element that plants may acquire from the soil is nitrogen, which also

serves as a growth barrier for plants (Gorde, 2013). Nitrogen makes up about 80% of the

atmosphere. Nitrogen gas diffuses into the water, where blue-green algae can "fix" (convert) it to

ammonia for use by the algae. Inorganic nitrogen and ammonia are other forms of nitrogen that
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can infiltrate lakes and streams. Since nitrogen can enter aquatic systems in a variety of ways,

there is a plentiful supply of nitrogen that is readily available in these systems.

2.2.7. Phosphorus

Every biological cell contains the essential ingredient phosphorus (Tale and Ingole, 2015). It is

one of the most crucial micronutrients required for plant development. Most frequently,

phosphorus limits the amount of nutrients that stay in plant nucleus and serves as an energy

reserve.

2.2.8. Potassium

Potassium is a crucial element for the development of the plant and plays a significant function

in a variety of physiological processes in plants (Solanki and Chavda, 2012). It is engaged in a

wide range of plant metabolic processes, from the creation of plant sugars for a variety of

metabolic requirements in plants to the regulation of photosynthesis and the formation of lignin

and cellulose, which are used to construct cellular structural components.

2.2.9. Soil organic matter

It is a crucial characteristic of soil. The rate of soil erosion is accelerated by a lack of organic

matter in the soil (Tale and Ingole, 2015). If there is soil organic matter available, then

agricultural activities can exploit this soil. Animal manures, compost, and other organic materials

may be put to the soil to add organic matter. Another potential cause of a lowered pH is the
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existence of a larger amount of organic matter in the soil. Due to leveling, the organic matter

content of the soil has dropped from the surface to the subsoil.

2.3. Metabolic diversity of soil bacteria

Bacteria are extremely diverse metabolically and can be split into four groups, based on their

carbon and energy source: Photoautotrophs like cyanobacteria photosynthesise, thereby

obtaining energy from sunlight and carbon by fixing carbon dioxide. An example of a

cyanobacteria in soil is nostoc, which also fix nitrogen. Energy is derived by photoautotrophs

from photosynthesis if an electron donor is provided (hydrogen or an organic compound) for

reductive assimilation of carbon dioxide. Some photoautotrophs such as Rhodopseudomonas,

will grow on organic substrates if oxygen is provided.

Chemoautotrophs fix carbon dioxide with reduced inorganic substrate and serves as a source of

energy. The major energy sources for these organisms are ammonia, hydrogen, nitrite, hydrogen

sulphide, and the ferrous ion (Fe2+). In soil, this group includes the bacteria involved in

nitrification, such as and Nitbactroer, Nitrosomonas and Thiobacillus, which plays a role in acid

mine drainage formation. Chemoheterotrophs require pre-formed organic molecules as their

carbon and energy source. Some bacteria use simple carbon sources such as glucose whereas

others degrade more complex substrates like carbohydrates and proteins. Although some bacteria,

such as Pseudomonas, may utilize up to 100 different carbon sources for growth.
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2.4. Soil bacteria phyla

Soil contains enormous microbial diversity. The total weight mass of organisms below

temperate grassland can exceed 45 tons per hectare, equaling or exceeding above ground

biomass (Ritz et al., 2003).

To examine the makeup of the in situ soil bacterial community, molecular methods have been

applied. Less than 10 phyla of bacteria are prevalent in soil, despite the fact that bacteria have

been classified into more than 100 different groups (Janssen, 2006). Phyla Proteobacteria,

Acidobacteria, and Actinobacteria are widespread and frequently abundant, whereas

Verrucomicrobia, Bacteroidetes, Firmicutes, Chloroflexi, Planctomycetes, and

Gemmatimonadetes are typically less common. The estimated relative abundance of the major

phyla varies between different soils (or samples). Although there are few phyla in soil, there are

many species, according to comparisons with other environments (Nemergut et al., 2011).

Though it's possible that more than 10% of the sequences in a soil sample cannot be attributed to

known phyla (Janssen 2006; Nacke et al. 2011).

Four of the Proteobacteria subphyla, including α, β, γ and ε -Proteobacteria, are frequently

found in soil. The Proteobacteria are a metabolically varied group of organisms in multiple

subphyla. Copiotrophs are members α, β, γ- Proteobacteria subphyla; they are more common in

environments with high resource availability, such as rhizosphere soils (Fierer et al., 2007).

While soils spiked with refractory carbon (cellulose, lignin, or tannin-protein) increased the

relative abundance of α, β, and γ -Proteobacteria, adding low-molecular-weight carbon increased

the relative abundance of β and γ -Proteobacteria (Eilers et al., 2010; Goldfarb et al., 2011).
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Most significantly, members of Burkholderiales bacteria within the β-Proteobacteria rose in

response to both chemically labile and recalcitrant chemicals (Goldfarb et al., 2011).

Heterotrophic and autotrophic bacteria with a variety of metabolic processes are found in the α -

Proteobacteria. Sphingomonas is one of the heterotrophs, and it can break down a variety of

hazardous substances, including pentachlorophenol and polyaromatic hydrocarbons. They have

also been connected to mineral weathering. The nitrogen fixers from the Rhizobiaceae, such as

Rhizobium, Mesorhizobium, and Bradyrhizobium, which all have symbiotic interactions with

legumes, are among the heterotrophs. The α -Proteobacteria also includes soil methane-oxidizers

like Methylophilus and Methylobacter. Nitrite oxidizers from the genera Nitrospira and

Nitrobacter as well as phototrophs from Rhodospirillum and Rhodobacter are included in the

group of autotrophs.

Heterotrophs, autotrophs, and methanotrophs are all members of the β- Proteobacteria. The

genus Burkholderia, Alcaligenes, and Acidovorax contain the most well-known heterotrophic

organisms found in soil. Because they have a variety of metabolic processes and use simple

sugars, amino acids, and refractory aromatic and phenolic chemicals as carbon substrates,

Burkholderia species likely play a significant part in the turnover of carbon. Additionally,

Burkholderia are said to fix nitrogen and encourage plant development. Collimonas, a

heterotroph that can breakdown live hyphae and makes chitinase, is one of the heterotrophs (de

Boer et al., 2004). The species of Burkholderia and Collimonas weather minerals (Uroz et al.,

2007). The iron oxidizer Thiobacillus, the phototroph Rhodocyclus, and the ammonia oxidizer

Nitrosospira are examples of autotrophs. Methylomonas is an illustration of a methanotroph that

is a member of the β- Proteobacteria.
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Heterotrophs, lithotrophs, and phototrophs are three types of γ- Proteobacteria found in soil. The

heterotrophs Pseudomonas and Xanthamonas are among the most well-known. Pseudomonas

species have a remarkable range of dietary needs. Most plants can grow on over 50 different

substrates, and some can grow on over 100. Sugars, amino acids, fatty acids, alcohols, and

hydrocarbons are some of these substrates. The photolithotrophs Thiocapsa and Chromatium are

likewise members of the γ- Proteobacteria; they grow anaerobically in the presence of light using

sulphide or elemental sulphur as an electron donor and carbon dioxide as a carbon source.

Sulfate- and iron-reducing bacteria make up the majority of the Proteobacteria. Desulfovibrio, a

sulfate reducer, develops anaerobically in soil using carbon sources like lactate or ethanol, which

are found there where oxygen is depleted by organic matter breakdown. This group also includes

the bacterial parasite Bdellovibrio.

There are only a few known genera of γ- Proteobacteria. The twisted to spirilloid Helicobacter

and Campylobacter have both been found in dirt. Both species live in animal digestive tracts and

may penetrate soil when feces are deposited. Burkholderia, Collimonas, and members of the

Rhizobiaceae family are among the protozoa that are frequently found in the rhizosphere.

In soils, Acidobacteria are common and their relative abundance rises as soil pH drops (Lauber et

al., 2009). The 16S rRNA gene analysis reveals a great diversity in this phylum. In soils, there

are more than 20 different subgroups, although it has been claimed that members of subgroups 1,

2, 3, and 4 are the most prevalent (Jones et al., 2009). Due to their lack of representation in soil

culture collection very little is known about their metabolic capabilities

The Verrucomicrobia, like the Acidobacteria, seem to be common in soil and may be

oligotrophs, which may account for their lack of representation in culture collections (Janssen,

2006). Verrucomicrobia's ecology is still not well understood. The class Spartobacteria, of



17

subdivision 2, which is believed to dominate Verrucomicrobia in grasslands and subsurface soil

strata at 10–50 cm depth, is the main group of Verrucomicrobia discovered in soil (Bergmann et

al., 2011). Free-living taxa and endosymbionts connected to nematodes of the genus Xiphinema

are found in this class. Chthoniobacter flavus, a free-living aerobic soil heterotroph, has been

discovered to be most closely related to the majority of phylotypes in soil (Bergmann et al.,

2011).

When labile carbon sources are added to soil, the relative abundance of Actinobacteridae rises

(Goldfarb et al., 2011). Arthrobacter, Rhodococcus, Streptomyces, and Mycobacterium are

among the Actinobacteria that make up the subclass Actinobacteridae and have been isolated

from soil. They are various aerobic heterotrophs in terms of metabolism. The potential of

Streptomyces to create antibacterial substances is well known. Rubrobacter and Solirubrobacter

are members of the Rubrobacteridae family. In soil culture collections, both genera are

uncommon. Rubrobacter are very common in desert soils and may be radiation-resistant

(Holmes et al., 2000). The acid-tolerant ferrous iron oxidizer Acidimicrobium feroxidans is one

of the few cultivated representatives of the Acidimicrobidae that have been discovered in soil.

Lactic acid bacteria and endospore-forming bacteria are both Firmicutes members. The

anaerobic genus Clostridium and the aerobic to facultative anaerobic genus Bacillus are two of

the best-known genera of endospore formers in soil. Plant polysaccharides are just one of the

many carbon sources that Bacillus breaks down. While others fix nitrogen or denitrify, some are

fermentative. Due to its broad metabolic capabilities, Clostridium may ferment cellulose, starch,

pectin, and sugars. After adding recalcitrant C compounds, there is an increase in the relative

abundance of Clostridiales in the soil (Goldfarb et al., 2011). Long-term survival in soil during

dry periods has been connected to the production of endospores. Aerotolerant anaerobic lactic
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acid bacteria, such as Lactobacillus, are frequently isolated from decomposing plant matter.

Sphingobacteria are usually found among Bacteroidetes bacteria that are frequently isolated from

soil. They participate in the aerobic breakdown of complex organic molecules like cellulose,

starch, proteins, and chitin. They might be crucial for destroying plant matter in soil. There are

reports of numerous close cousins of the Sphingobacteria genus Chitinophaga in soil. Members

of this genus are gliding, filamentous, and chitinolytic. They might utilise insects and fungus

hyphae in the soil as carbon sources. Bacteroidetes have been hypothesized to be copiotrophs

because their relative abundance in soil may increase after carbon addition (Fierer et al., 2007;

Eilers et al., 2010). With rising soil pH, Bacteroidetes and Actinobacteria tend to grow in relative

abundance (Lauber et al. 2009). Because so few representatives of the phyla Gemmatimonadetes,

Chloroflexi, and Planctomycetes have been cultured, very little is known about the physiology,

genetics, and ecology of soil bacteria. A few soil-based Gemmatimonadetes isolates have been

found; they are aerobic heterotrophs and members of subphylum 1. According to DeBruyn et al.

(2011), they are suited to low soil moisture levels. There are reportedly many Gemmatimonas

species in the soil. On oligotrophic conditions, Chloroflexi-related aerobic heterotrophs have

been discovered (Davis et al. 2011); there is also evidence that these organisms breathe organo

halide chemicals (Krzmarzick et al., 2011).

2.5. Human urine

Human urine is a liquid waste product of the human body that is ejected through the urethra

after being secreted by the kidneys through a process of blood filtration known as urination.

Because proteins are not filtered when the blood is filtered in the kidneys, urine is produced after

the blood has been filtered.
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2.6. Composition of human urine

The majority of the daily excretion of nitrogen (N), phosphorus (P), and potassium (K) from

humans is found in urine, which contributes 88%, 67%, and 73% of these elements, respectively

(Kirchmann and Pettersson, 1995; Maurer et al., 2003). However, depending on the individual's

eating habits, the amount of water taken, physical activity, body size, and environmental factors,

the composition of human urine differs from person to person and from region to region

(Vinner's and Jönsson, 2002). The majority of the nitrogen fractions in urine are taken up by

plants in the same way that urea or ammonium fertilizer is, with nitrogen efficiency being

approximately 90% that of mineral fertilizer (Lentner, 1981). The remaining nitrogen fractions in

urine are excreted in the form of creatine, amino acids, and uric acid. Urine has a low percentage

of heavy metals.Additionally, it contains trace amounts of B, Cu, Zn, Mo, Fe, Co, and Mn

(Rodushkin and Odman, 2001). Although human urine is not completely sterile, it can be easily

disinfected by storage (Schöning et al., 2002) or by introducing urine to the soil (Heinonen-

Tanski and van Wijk-Sijbesma, 2005). This is because human urine contains less of certain

intestinal bacteria. In contrast, urine can be used as plant fertilizer without further processing,

according to Höglund et al. (2002), unless cross-contamination with feces occurs, which could

result in the survival of viruses.

2.7. Pathogens in urine.

2.7.1. Staphylococcus saprophyticus

Staphylococcus is a member of the Firmicutes subgroup of bacteria, which includes Gram

positive bacteria with low GC content. There are three known Staphylococcus spp. That could

cause disease in humans; Staphylococcus aureus, Staphylococcus epidermidis, and
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Staphylococcus saprophyticus. In young and middle aged female outpatients, coagulase negative

Staphylococcus is known to produce simple urinary tract infection while two additional bacteria

are usually clinically isolated from hospitalized patients who have indwelling catheters rather

than out patients, Staphylococcus saprophyticus cannot cause urinary tract infection without the

participation of indwelling catheters (Kehlmeter, 2003; Torres Pereira, 1962; Meers et al., 1975;

Wallmark et al., 1978). This finding suggests that, Staphylococcus saprophyticus may stick to

and continue to proliferate in the urinary tract (Von Eiff et al., 2002). In addition,

Staphylococcus saprophyticus is a common Gram positive uropathogen that causes simple

urinary tract infection. Gram-negative bacteria, including Escherichia coli, Proteus mirabilis,

and Klebsiella spp. is often observed to cause uncomplicated UTI (Kehlmeter, 2003). These

bacteria’s fimbriae or pili, which are surface features, are in charge of their adhesion to

uroepithelial cells (Anderson, 2004). In this aspect, the majority of Staphylococcus saprophyticus

strains exhibit significant adhesion to sheep erythrocytes and cells, resulting in hamagglutination

(Hell et al., 1998). Urease has also been observed to play a significant role in the ongoing

proliferation and invasiveness of the bladder (Gatermann and Marre, 1989). It has been

hypothesized that Staphylococcus saprophyticus is more successful than other Staphylococcus

and Gram positive bacteria at causing urinary tract infections because of uroepithelial adhesion

and urease (Gatermann and Marre,1989; Gatermann et al., 1988).

The Staphlococcus saprophyticus genome is 2,516,575 BP in length and has 33.2% GC content,

which is comparable to other Staphylococcus. The genome has tRNAs for all amino acids and

six ribosomal RNA operons. Its chromosomal origin and terminal,which are located in positions

comparable to those of Staphlococcus aureus and Staphylococcus epidermidis, are identified by

GC-deviation. There are 2,446 ORFs and a variety of mobile genetic components in the genome,
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including 39.3-kb prophage remnant, two IS431elements, nine putative transposases, two

staphylococcal cassette chromosomes (SCCs, designated SCC15305RM and SCC15305cap), and

one genomic island (designated Ss15305). The organism possesses two plasmids (designated

pSSP1 and pSSP2), each measuring 38.4 and 22.9 kb in size (Hiramatsu et al., 2004; Ito et al.,

2004). Instead of antibiotic resistance, Staphylococcus saprophyticus SCC15305cap possesses a

locus for the synthesis of capsular polysaccharide that contains synthesis locus ORFs with

similar to several different lineages organized as a mosaic , including three additional putative

polysaccharide glycosyl transferase synthase, and some orthologs to of orthologs to

Staphylococcus aureus-type I Cap enzymes (Naito and Kobayashi, 1995).

2.7.2. Pseudomonas aeuginosa

The opportunistic pathogen Pseudomonas aeruginosa, a Gram-negative bacterium, typically

inhibits the soil and surfaces in watery environments. It can thrive in a variety of other natural

and artificial contexts, including surfaces in health care facilities, because to its versatility and

high intrinsic antibiotic resistance. Serious Pseudomonas aeruginosa infections frequently occur

in hospitals, and almost all of them are accompanied by weakened host defences, such as

neutropenia, serious burns, or cystic fibrosis (Lyczak et al., 2000). Due to the continuing

evolution and disseminating of antibiotic resistant strains, therapeutic choices are becoming

increasingly limited, and as a result, Pseudomonas aeruginosa infections exhibit substantial

morbidity and mortality. Pseudomonas aeruginosa is the second most prevalent pathogen

identified from patients with ventilator associated pneumonia in the United States and is one of

the most common hospital related pathogen (VAP); (Hidron et al., 2008). Finding alternative

prevention and treatment methods is a top priority due to the severity of Pseudomonas

aeruginosa infections and the limited antibiotic arsenal available to treat them. Pseudomonas
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aeruginosa is one of the most frequent pathogens to infect hospitalized patients with respiratory

illness. Airway infections are frequently divided into two categories; acute and chronic.

Transmission can occur in a hospital or in the community, though the latter is uncommon and

virtually usually linked to an underlying immune problem (Arancibia et al., 2002). The most

common cause of acute nosocomial pneumonia is direct trauma, such as injury to the epithelium

from intubation or smoke inhalation. When a patient’s underlying medical condition prevents an

adequate immune response, such as in the elderly with CF, chronic infections can develop. The

high carriage rate of frequently multidrug-resistant strains in hospital wards, the poor health

status of the patients, and earlier usage of wide spectrum antibiotics all contribute to the high

frequency of Pseudomonas aeruginosa in healthcare facilities. Even though rates differ between

research and organizations, VAP typically exhibits the highest mortality, up to 30%. (Williams et

al., 2010). The insertion of the endotracheal tube can cause a ruptured epithelium in patients with

VAP, which can act as a reservoir for Pseudomonas aeruginosa developing as a biofilm on the

plastic surface (Williams et al., 2010). Due to the bacteria's enhanced resistance to antibiotics

and disinfectants, these biofilms are challenging to remove and treat. This helps to explain why

Pseudomonas aeruginosa infections persist after the development of biofilms as opposed to the

relative efficacy of antibiotic treatment regimens that are initiated before biofilm formation.

Additionally, those who are unable to build a sufficient host response can get acute lung

infections. Old age, neutropenia brought on by cancer chemotherapy, or immunosuppression

brought on by organ transplant are a few underlying immunological weaknesses that can make a

person more susceptible to Pseudomonas infection. Therefore, compared to patients who are

generally healthy, community-acquired pneumonia affects these people more frequently

(Williams et al., 2010). Because immune compromised patients are frequently admitted to
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hospitals and are thus exposed to Pseudomonas reservoirs there, nosocomial infections are also

very common. Pseudomonas aeruginosa can adapt to the lungs' environment and proliferate as a

biofilm, leading to a chronic infection, if it is not eliminated during the acute infection phase.

Most CF patients get a Pseudomonas lung infection by adolescence and can have one for 20 or

more years, making them the most well-known cases of chronic pseudomonal lung infections.

The airway surface liquid (ASL), which is dehydrated and thicker in CF patients due to a

mutation in the cystic fibrosis transmembrane regulator (CFTR), a cAMP-dependent chloride

channel, prevents mucociliary clearance from the conducting airways. Inhaled bacteria settle in

the altered ASL, where they first cause an acute infection and a strong inflammatory response.

Chronic lung inflammation comes from the immune response being significantly compromised

by the thicker ASL, ongoing immunological activation by the bacteria, and/or the host's

incapacity to manage inflammation (Sadikot et al., 2005; Williams et al., 2010). Additionally,

there is some evidence that the CFTR mutation itself affects the host's capacity to regulate

inflammation brought on by bacteria (Blohmke et al., 2012). The hyperactive inflammatory

response that results in the destruction of lung function, which may be aggravated by bacterial

toxins, results in the progressive degradation of lung function and finally renders these lung

infections lethal. Over many years, numerous investigations have tracked the development of

Pseudomonas infections in CF patients. These investigations' findings showed that Pseudomonas

aeruginosa undergoes both phenotypic and genotypic changes over time (Smith et al., 2006;

Hogardt et al., 2007; Mena et al., 2008). The bacterium obtained from an established chronic

infection is typically different from the strain that was isolated from the same patient years

earlier during the first acute phase of the illness in that it is less inflammatory and less cytotoxic.

The loss of the flagellum and pili, which are essential for motility and adherence and
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consequently for the injection of type 3 secreted toxins (adherence is a prerequisite), is one

example of these changes. Another is the mutation of mucA, mucB, or mucD, which causes the

cells to form mucoid colonies that may protect them from the innate immune system. A third is

the evolution of highly antibiotic-resistant small colony variants that are promoted by prolonged

antibiotic therapy such as lasR's deactivation (Winstanley and Fothergill, 2009). The frequent

appearance of mutator strains in the CF lung encourages such alterations (Oliver, 2010). When

utilized to infect mice in models of acute lung infection, these changed strains are relatively

avirulent, but are unhindered in their ability to form chronic infections (Bragonzi et al., 2009).

People who have chronic bronchiectasis and chronic obstructive pulmonary disease are also at an

increased risk of developing chronic pseudomonal lung infections (COPD). A severe childhood

respiratory infection is typically the cause of chronic bronchiectasis, which is the irreversible

dilatation of the bronchial airways brought on by the death of muscle and elastic tissue. The

second infection does not spread, and the damage is typically contained to the lobe where the

infection first occurred. Patients with non-CF bronchiectasis typically do not have genetic

problems that result in immune system defects, therefore the disease is caused by decreased

mechanical clearance as a result of the harm brought on by the original infection (Williams et al.,

2010). Chronic lung tissue inflammation that results in airway constriction and airflow restriction

is the root cause of COPD. Smoking cigarettes is thought to be the biggest risk factor for

developing COPD because the unpleasant chemicals in smoke disrupt the innate immune

system's natural responses in the lungs (Provinciali et al., 2011). As the complex process of

aging adds to a general reduction in lung function and the changes caused by cigarette smoke

often occur gradually over decades, patients with COPD are frequently elderly. Between 4% and

15% of COPD patients have Pseudomonas infections, and the clinical manifestations of these
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infections blur the line between acute and persistent, with frequent sepsis along with both mild

bronchitis and pneumonia (Williams et al., 2010). Most people with COPD are able to get rid of

the infection, but roughly as many end up with a persistent infection that periodically worsens

(Murphy et al., 2008).

2.7.3. Salmonella spp

Salmonella enterica is a Gram-negative facultative intracellular anaerobe of worldwide

importance causing as many as 1.3 billion cases of disease annually. Over 2500 serovars of

Salmonella enterica have been identified belonging to six subspecies (Ochman and Groisman,

1994; Fierer, 2001). Subspecies are further subdivided into serovars that are differentiated by

their flagellar, carbohydrate and lipopolysaccharide (LPS) structures. Salmonella enterica

species are typically orally acquired pathogens that cause one of four major syndromes: enteric

fever (typhoid), enterocolitis/diarrhea, bacteremia and chronic asymptomatic carriage. The

disease manifestation depends on both host susceptibility and the infectious Salmonella

enterica serovar (Fierer, 2001). In humans, serovars Typhi, Paratyphi and Sendai cause enteric

fever, while most serovars cause enterocolitis/diarrhea. Several serovars including Choleraesuis

and Dublin are more commonly associated with bacteremia in humans (Fierer, 2001). While

serovar Typhi is largely restricted to humans, other serovars are more broadly host adapted and

cause natural animal infection. Serovars Dublin, Typhimurium and Choleraesuis cause disease in

both humans and animals, but cause distinct syndromes in different hosts. Serovar Dublin causes

intestinal inflammatory disease, bacteremia and abortion in cows; serovar Typhimurium causes a

typhoid-like systemic illness in mice; and serovar Choleraesuis causes septicemia in pigs

(Baumler et al., 1998) Human typhoid fever and intestinal/diarrheal disease represent the most

common syndromes associated with Salmonella enterica infection and involve the pathogenic
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processes of both bacteria and host most thoroughly investigated in infectious models of

Salmonella pathogenesis. Significant inflammatory disease is a common feature of typhoid and

enterocolitis. The various virulence programs employed by Salmonella species interact with host

defense mechanisms at various tissues in different stages of infection resulting in significant host

immunopathology, morbidity and mortality.

Human typhoid occurs following the ingestion of Salmonella enterica serovar Typhi bacteria,

usually from contaminated water or animal products or close contact with an infected individual

or carrier (Hornick, 1970). Much of the understanding of typhoid pathogenesis has arisen from

the study of infection of susceptible mice with Salmonella enterica serovar Typhimurium. In this

model, following oral inoculation, virulent serovar Typhimurium survives gastric acidity and

colonizes the ileum and cecum, likely by out-competing the resident microflora (Bonhoff et al.,

1954; Stecher et al., 2005). Via invasion of the phagocytic epithelial M-cells covering Peyer’s

patches (PP), as well as through uptake by dendritic cells (DCs), bacteria are translocated across

the intestinal epithelium and gain access to the host circulation or are carried from the gut within

CD18 expressing phagocytes (Jones et al., 1994; Rescigno et al., 2001; Vazquez-Torres et al.,

1999). Upon extraintestinal infection, bacteria disseminate via the reticuloendothelial system

(RES) and take up residence in granulomatous foci within various splenocytes, predominantly

macrophages, DCs and polymorphonuclear leukocytes (PMNs), as well as hepatocytes and other

non-professional phagocytes in the liver (Richter et al., 1997; Yrlid et al., 2001; Nakoneczna,

1980). In the absence of intestinal infection, intracellular replication and survival may be

considered the central virulence features of typhoid. Fields et al., (1986), demonstrated that

bacterial survival within phagocytes was essential for virulence. Salmonella is capable of

infecting a wide variety of cells including DCs, macrophages, hepatocytes, neutrophils,
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colonocytes and other epithelial cells. In vitro, within minutes of contact with cells, Salmonella

are internalized and take up residence in a unique membrane-bound compartment distinct from a

phagosome or lysosome, termed the Salmonella containing vacuole (SCV) (Gorvel and Meresse,

2001; Meresse et al., 1999; Steele-Mortimer et al., 1999). Within phagocytes, Salmonella SCV

formation has the important function of evading endosomal fusion with the phagocyte oxidase

complex (Vazquez-Torres et al., 2000). In humans, typhoid disease manifests one to 2 weeks

following bacterial inoculation with generalized fever and malaise, abdominal pain with or

without other symptoms including headache, myalgias, nausea, anorexia and constipation.

Diarrhea occurs occasionally but is typical only of infection in the immunocompromised.

Hepatosplenomegaly is common but not present in all cases and diffuse abdominal tenderness is

usual. Fever is typically mild at first and worsening as disease progresses (Parry et al., 2002). In

the absence of complications, disease resolves following varied periods of infection although

carriage of the bacteria can continue in post-symptomatic patients for months or years and

relapse occurs in a minority of patients. The primary treatment for serovar Typhi infection is

fluoroquinolones, although nalidixic acid and other antimicrobial agents are also used. Treatment

is effective in the vast majority of cases and decreases time to bacterial clearance, carriage rates

and infection associated morbidity and mortality (Parry et al., 2002). Although estimates vary

greatly due to a lack of consistent diagnosis and reporting, between 200 million and 1.3 billion

cases of intestinal disease including 3 million deaths due to non-typhoidal Salmonella are

estimated to occur each year worldwide (WHO, 2005). Like typhoid, the incidence of intestinal

disease caused by non-typhoidal Salmonella species is highest in the developing world, but is

also of considerable importance in developed countries. Until the development of a new murine

model of Salmonella enteropathogenesis (Barthel et al., 2003).
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2.7.4. Escherichia coli

Escherichia coli is a Gram-negative, adaptable bacterium that is simple to find and susceptible

to random and natural genetic mutation. There is a sizable collection of Escherichia coli

genomes that have been sequenced, and these genomes show diverse sizes and genetic diversity

across commensal and pathogenic, demonstrating a wide range within the same bacterial species.

They are made up of non-pathogenic bacteria from the common gut microbiota of humans and

many other animals, which may function as commensals. There are additional pathogenic

variants, which are separated into extraintestinal and diarrheagenic pathogens, with distinct

pathotypes and natural hybrid strains. These subtypes might be obligate or facultative pathogens

(Nataro and Kaper, 1998).

Enteroinvasive Escherichia coli (EIEC), enteroaggregative Esherichia coli (EAEC), diffusely

adhering Escherichia coli (DAEC), adherent invasive Escherichia coli (AIEC), and cell

detaching Escherichia coli (CDEC) are some examples of pathotypes proposed by their

differential features and the essential virulence genes defining each subgroup (Kaper et al., 2004).

Sometimes only a few unique virulence factors, as several previously reported in ExPEC strains,

can distinguish pathogenic Escherichia coli from commensal Escherichia coli (Köhler and

Dobrindt, 2011). However, the sophistication and accessibility of molecular typing technologies

are changing this situation. Numerous crucial details on the interactions between hosts and

pathogens, reservoirs, clinical diagnoses, and novel ExPEC transmission mechanisms are now

available because to new computational techniques (Johnson and Russo, 2018). Since virulence

genes are frequently found in transmissible genetic elements such genomic islands,

bacteriophages, insertion sequences (ISs), integrons, plasmids, and transposons, they are simple

for bacteria to trade (Hacker et al., 2003; Dobrindt et al., 2010). Additionally, they have
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numerous genes for antibiotic resistance that have developed under heavy selective pressure due

to the widespread use of antibiotics (Brzuszkiewicz et al., 2009).

Due to frequent genetic processes that result in gene acquisition and loss, the Escherichia coli

genomes have a high degree of genetic diversity. Numerous ExPEC strains are part of the

intestinal microbiota and frequently populate the gut asymptomatically. However, just a small

portion of ExPEC, such as UPEC, SEPEC, and NMEC, are accountable for the great majority of

illnesses, including sepsis, meningitis, and urinary tract infections (Kaper et al., 2004). ExPEC

strains have a wide range of virulence factors, including adhesins (fimbrial and non-fimbrial),

siderophores, toxins, invasins, and the capacity to persist in serum. Additionally, many of these

virulence factors may coexist and work in concert within the same strain. The septic strains

always have at least an iron absorption system, an adherence system, and genes for serum

survival despite additional variables (Biran and Ron, 2018; Johnson and Russo, 2018). In the

pathogenesis of Escherichia coli, horizontal transmission mechanisms are used within and across

related species. As a result, the IS, transposons, and integrons may promote novel genomic

rearrangements like gene duplication, gene suppression, and gene capture. According to several

studies (Frost et al., 2005; Brigulla and Wackernagel, 2010; Dobrindt et al., 2010; Jackson et al.,

2011; Sheppard et al., 2018), this genetic material transit can lead to greater flexibility regarding

various features, including the transition of pathogenic bacteria between humans and animals,

resistance to antimicrobials, the appearance of emerging pathogens due to the gain of virulence

genes, increased pathogenicity All of these factors, including the role of bacteriophages in

disease, may increase the virulence of these bacteria. With differences in the bacteriophage

repertoire directly affecting their virulence, new harmful strains are more likely to evolve as a
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result of horizontal transfer between different strains (Manning et al., 2008; Ogura et al., 2009;

Dobrindt et al., 2010; Jackson et al., 2011).

Beyond possible genetic and phenotypic benefits, the co-evolution of bacterial genomes with

plasmids may have an impact on cellular metabolism to maintain and stabilize the plasmid

(Jackson et al., 2011). Plasmids frequently including the ColV family of genes, which code for

colicin, serum survival factors, and iron absorption systems, contain several ExPEC virulence

genes (Biran and Ron, 2018). Similar to this, plasmids associated with virulence, mostly those

belonging to the incompatibility group IncF and possessing transfer activities, are carried by

intestinal pathogens (Carattoli, 2009). According to the characteristics of each individual group,

certain pathotypes of Escherichia coli require virulence plasmids, such as pINV and pAA in

EIEC and EAEC, respectively (Kaper et al., 2004).

Despite this, because ExPEC and DEC pathotypes are so changeable and allow the constant

emergence of distinctive hybrid-formed strains within this dynamic bacterial species, they are

insufficient to fully categorize all pathogenic Escherichia coli strains. The ability to adapt to

various environments and the presence of virulence genes crucial to the pathogenesis of each

pathotype allow the creation of hybrid pathogenic Escherichia coli (HyPEC). The ability of

Escherichia coli to replicate, modify, and spread is astounding. These characteristics enabled the

development of new HyPEC. Mutation, recombination, and other genetic alterations result in the

appearance of acquired virulence genes and unique activities. The prevalence of novel hybrid

and antibiotic resistance among DEC and ExPEC has increased as a result of all these genetic

variations (Dobrindt et al., 2003; Bielaszewska et al., 2007; Khan et al., 2018).

After an outbreak of foodborne bloody diarrhea and hemorrhagic uremic syndrome (HUS) in

Germany, a HyPEC strain recently attracted a lot of attention. Consumption of raw fenugreek
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sprouts was linked to this E. coli O1O4:H4 outbreak because it was a hybrid EAEC strain with

STEC characteristics, such as the presence of Shiga toxin. Even with a prompt response and

discovery, this HyPEC's complicated nature could not be immediately unraveled by sequencing,

and 3,842 hospitalizations throughout Europe and North Africa with numerous fatalities resulted

as a result (Bielaszewska et al., 2011; Rasko et al., 2011). The HyPEC events are caused by

emerging mechanisms. Here, the combination of enteroaggregative characteristics in a rare

serotype led to significant cell attachment and the creation of a biofilm (Navarro-Garcia, 2014).

Additionally, this strain's genome now has a lambdoid phage with the stx2 gene, which means it

might release the Shiga toxin. When compared to STEC, these characteristics have increased the

occurrence of HUS during the outbreak on this HyPEC (Muniesa et al., 2012). There are

numerous examples of distinct genetic hybrids in E. coli, including the STEC/ExPEC O80:H2

serotype, which caused HUS and bacteremia due to the presence of stx2 and eae genes from

STECs and pS88-like plasmid, described in meningitis, urosepsis, and avian pathogenic ExPEC

strains (Peigne et al., 2009).

The STEC/UPEC strain O2:H6 serotype has the ability to produce diarrhea and urinary tract

infections due to the presence of the virulence genes a-hlyA, cnf1, and clb from UPEC

(Bielaszewska et al., 2014). The LEE Island was obtained by the EPEC/ETEC strain, which also

carries the LT toxin gene (Dutta et al., 2015). E. coli ST131, which has been widely documented

to be multidrug resistant, is an example of a very virulent ExPEC linked to bloodstream and

urine infections. Due to the presence of the pAA plasmid, it has also developed the

enteroaggregative diarrheagenic phenotype (Boll et al., 2018). However, they are not properly

characterized, and many more HyPEC are described as case reports. Here, we've quickly

examined a few of these strains' acquired genes, their direct connection. The recently formed
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names hybrid- and hetero-pathogenic Escherichia coli have been characterized as new

combinations of virulence factors among classic Escherichia coli groups, similar to these HyPEC.

They demonstrate distinctions between common and uncommon subgroups of the EAEC and

EPEC pathotypes, as well as hybrids like EPEC/STEC, ExPEC/EPEC, and ExPEC/EAEC

(Santos et al., 2020). This study demonstrates how important this subject is in the area using a

similar strategy as ours here.

Due to comparable genetic pathways, which also allow bacteria to tolerate the presence of

various antimicrobials, the high frequency of traditional pathogenic Escherichia coli and the

emergence of HyPEC both occur. The complicated combination of intrinsic and acquired

resistance genes, which may collaborate, is linked to bacteria's resistance to different classes of

antibiotics (Cag et al., 2016; Khan et al., 2018). Together, these factors contribute to the

alarming global trend of multi resistant bacteria in various bacterial species.

2.7.5. Proteus spp

Proteus spp. are common commensals of the gut microbiota and are Gram-negative bacteria

from the Enterobacteriaceae family (Penner, 2005). Hauser documented and described the first

isolates in the late 19th century (Manos and Belas, 2006). Proteus mirabilis, Proteus vulgaris,

Proteus penneri, Proteus hauseri, Proteus terrae, and Proteus cibraius, as well as the unnamed

genomospecies 4, 5, and 6, currently make up the genus (Hara et al., 2000; Hyun et al., 2016;

Behrendt et al., 2015). Proteus vulgaris, Proteus mirabilis and Proteus penneri typically

populate the human gut in different combinations, but they make up less than 0.05% of the gut

microbiota of healthy patients (Yatsunenko et al., 2012).
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Although Proteus species are well-known pathobionts and the gut is where they are found,

research on this genus has focused more on their role in urinary tract infections than on its

intestinal symptoms (Chow et al., 1979; Mobley and Belas, 1995; Coker et al., 2000). Recent

research on the gut "microbiome" in health and disease has shown that there are significant

changes in the relative proportions of important bacterial taxa linked to active disease, a

condition known as "dysbiosis." The growth in the population of the phylum Proteobacteria,

notably the Enterobacteriaceae, is one of the characteristics of dysbiosis in inflammatory bowel

disorders (IBDs) (Mukhopadhya et al., 2012). While Proteus hasn't been thoroughly studied,

other genera in the Enterobacteriaceae family, such Escherichia, Shigella, Salmonella, and

Klebsiella, have gotten the proper attention in this area.

Short (1.5 to 2 m) straight rods Proteus species exhibit dimorphism in the form of "swimming"

and "swarming" forms, as do several other Enterobacteriaceae family members (Armbruster and

Mobley, 2012). In liquid habitats, solitary cells with 4 to 10 peritrichous flagella are most

common (Mobley and Belas, 1995). A cyclic sequence of swarming and consolidation phases

causes the swarming habit of Proteus species to culminate in a distinctive bull's-eye pattern on a

plate culture (Pearson et al., 2010). Proteus cells differentiate into filamentous, multinucleated,

highly flagellated swarmer cells when they are put in a viscous environment or on a solid surface.

After this differentiation, the cells return to a shorter morphotype during the consolidation phase,

and metabolic preparation takes place before the subsequent swarming cycle (Pearson et al.,

2010). Compared to other swarming bacteria, Proteus mirabilis passes through swarming

differentiation at substantially higher agar concentrations (1.5 to 2%) (Rather, 2005).The

synthesis of secreted proteins, including virulence factors like the protease ZapA, increases

dramatically when Proteus spp. swarm (Armbruster and Mobley, 2012; Pearson et al., 2010 17,
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Walker et al., 1999; Belas et al., 2004). Only occasionally have swarmer cells been observed in

ascending urinary tract infection animal models in vivo, with the odd swarmer cell identified

from infected mice's kidneys and bladder stones (Allison et al., 1994; Li et al., 2002). The

swarming phenotype can be produced by the quantity of amino acids, in particular, and can occur

under both aerobic and anaerobic conditions (Ambruster et al., 2013). Additionally, it has been

shown that a more acidic pH, similar to what would be seen in the proximal small bowel and

cecum, significantly increased swarming behavior (Nugent et al., 2001; Fujihara et al., 2011;

Pickard et al., 2017). Swarming has been demonstrated to play a significant role in intracellular

invasion and persistence, with uroepithelial cells able to invade intracellularly with 15–20 times

more swarmer cells than swimmer cells (Allison et al., 1992). There is some evidence that

swarming Proteus strains are more invasive than swarm-defective mutant strains in urinary tract

mice models (Allison et al., 1994). Additionally, it has been demonstrated that a number of

intestinal tract metabolites, such as choline, glutamine, and putrescine, the most prevalent

polyamine in the gut, encourage swarming (Milovic, 2001; Jameson et al., 2016; Sturgill, 2004).

Although we cannot say for sure that swarming behavior occurs in the gut in vivo just yet, it is

likely that the environment in the gut may be favorable for swarming given the presence of a

viscous surface (such as the gut mucosa), high glutamine and polyamine availability, including

putrescine and electron acceptors for anaerobic respiration such as choline ((Sturgill and Rather,

2004). Attachment to the mucosa and adhesion. The pathogenesis of Proteus infections in the

urinary and gastrointestinal systems depends on adhesion to epithelial surfaces. More fimbrial

gene sets (operons) than any other characterized bacterial genome were discovered after Proteus

mirabilis strain HI4320's genome was sequenced (Schaffer and Pearson, 2015; Pearson et al.,

2008; Kuan et al., 2014).
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There are six distinct fimbrial types that Proteus mirabilis can produce including mannose-

resistant Proteus-like fimbriae (MR/P fimbriae), mannose-resistant Klebsiella-like fimbriae

(MR/K fimbriae), non-agglutinating fimbriae (NAF), also known as uroepithelial cell adhesin

(UCA), ambient-temperature (Kuan et al., 2014). These fimbriae and adhesins significantly

contribute to the development of bacterial biofilms, a frequent issue with urinary and

gastrointestinal instrumentation.

Due to their role in epithelial adherence, it is expected that the MR/P and NAF/UCA fimbrial

types are crucial in the development of gastrointestinal pathophysiology (Jansen et al., 2004;

Rocha et al., 2007; Lee et al., 2000). A comparison of the 7 chaperone-usher fimbrial operons

and their 17 individual 58 clinical isolates and sequenced Proteus mirabilis strains both

displayed 99% conservation inAmong the 17 fimbrial operons, 13 are present, indicating that

these genes are highly conserved strains gathered from a range of clinical locations (Kuan et al.,

2014). At least two and possibly as many as six of the characterized fimbriae can likely be

assembled on the cell surface at any given time (Kuan et al., 2014; Adegbola et al 1983). There

is a close relationship between the regulation of motility and the expression of adhesion factors.

Of the 17 fimbrial operons, at least 10 gene clusters contain a homolog of the mrpJ gene, which

inhibits motility. By interacting with the promoter sequence, MrpJ reduces the activity of the

flagellar master regulator flhDC (Pearson and Mobley, 2008). When these cells switch back to

their swimming shape, MR/P and NAF fimbria expression is once again present (Latta et al.,

1999).

2.8. Urine effect on soil

2.8.1 pH and soil moisture
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According to Bol et al. (2004), urine deposition enhances soil moisture content (Williams and

Haynes, 1994). The addition of urine may also stop the soil from losing moisture (Shand et al.,

2000). According to several studies, the pH of the top 20–40 mm of soil often rises by 1-3 pH

units after urine deposition (Doak, 1952; Sherlock and Goh, 1984; Shand et al., 2002. This

happens as a result of the majority of urine urea being kept in the upper soil layers, where it is

hydrolyzed, leading to the development of fundamental conditions.

2.8.2. Availability of nitrogen

The mineral N concentration in the soil may rise to nearly 400 mg N kg-1 after urine

deposition (Williams and Haynes, 1994). The majority of the N initially exists as urea-N, which

quickly hydrolyzes to ammonium (NH4+-N), which can then be volatilized as NH3-N. The

remaining NH4+-N is then converted to nitrate (NO3—N) via nitrification, after which

denitrification may take place. Nitrous oxide (N2O-N) and dinitrogen gas (N2-N) may be lost to

the environment as a result, although urea and nitrate (NO3—N) may travel down the soil profile

due to leaching and/or macropore flow (Haynes and Williams, 1993; Clough et al., 1998). Plants

may utilize both NH4 +-N and NO3 -N, and isotopic studies have shown that living plant

biomass retains 22-78% of the urea-N in urine, whereas soil organic matter (SOM) retains 20-

30% (Clough et al., 1998; Leterme et al., 2003). A rise in dissolved organic N (DON)

concentrations was only linked to sources in the soil in investigations utilizing urine (Shand et al.,

2000). The recovery of urine-15N is higher in a sandy loam soil than in a sandy soil, and the fate

of urinary-N is partially dependent on soil parameters (Sørensen and Jensen, 1996). According to

Sørensen and Jensen (1996), this larger loss of 15N from the sandy soil was associated with a

higher net rate of urine-N mineralization and less N uptake by plants. In a different study, clay

had the highest urine-15N recovery (81%) followed by silty loam (77%) and sandy loam (71%).
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(Clough et al., 1998). Therefore, in soils with significant quantities of sand, supplemented urine-

N is probably less accessible to plants or soil bacteria.

2.8.3. Availability of carbon and soil organic matter

The release of organic intracellular solutes by soil microorganisms as they try to maintain cell

integrity or as microbial cells lyse, the addition of urinary compounds, the release of C from

SOM due to the increased soil pH, and other factors can all cause an increase in the C content of

a soil (Kieft et al., 1987; Halverson et al., 2000; Although urine deposition has been associated

with an increase in the soil's soluble C content (Monaghan and Barraclough, 1993; Shand et al.,

2000), the persistent rise in dissolved organic C (DOC), as shown by Petersen et al.(2004)

suggested that microorganisms might not have easy access to this C. Several days after urine

application, studies have indicated that 20–50% of the urea-derived C may be accounted for in

the top 200 mm of soil, in above-ground plant matter, and as CO2-C that is released (Bol et al.,

2004; Petersen et al., 2004).

When excess urine was applied to soil, the pH rose along with the concentrations of DOC (as

well as dissolved organic N and P) and the dark color of the soil solution indicated that humic

matter had been solubilized (Shand et al., 2000). There aren't enough studies, though, linking

changes in the soil microbial ecology to nutrient release in urine patches.

2.8.4. Nutrients in the soil solution

Both directly from the urine and indirectly through soil changes brought on by pee deposition,

nutrients are delivered to the soil solution (Monaghan and Barraclough, 1993; Shand et al., 2000).

Bromine tracer tests have shown that the bulk of the urine is retained in the top 100 mm of the

soil (Williams and Haynes, 1994). The top 25 mm of urine-affected soil has the largest increase
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in electrical conductivity (EC), and the ionic strength of the soil solution in this zone may

increase to be 6–8 times that of untreated soil (Haynes and Williams, 1992).

The ions measured in the urine and those that were immediately found in the soil solution

following pee deposition are consistent. The ions found in the soil solution right after urine

deposition match those found in the urine, (Haynes and Williams, 1992). As nitrification

progresses, HCO3-, Cl-, and SO4 2-concentrations decrease over time, and NO3 - emerges as the

major anion (Williams and Haynes, 1994). The concentration of NH4+, which results from the

hydrolysis of urea, likewise decreases as a result of nitrification (Williams and Haynes, 1994).

Increase in the concentrations of the counter-ions Ca2+ and Mg2+ occur at the same time as

increases in NO3-. These counter-ions are primarily obtained from soil exchange sites through

displacement of urinary K+, Na+, and NH4+ as well as hydrogen ions (H+) released during

nitrification (Haynes and Williams, 1992; Williams and Haynes, 1994; Early et al., 1998).

Leaching with NO3- across the soil profile redistributes Ca2+, Mg2+, some K+, and Na+ over

time (Holland). However, because the soil's cation exchange complex (CEC) strongly adsorbs it,

exchangeable K+ concentrations may continue to be high (Haynes and Williams, 1992; Early et

al., 1998). The capacity of the CEC to retain K+ is increased in soils with a high concentration of

pH-dependent negative charge sites by the rise in pH following urine deposition (Williams et al.,

1988; Haynes and Williams, 1993). Although it depends on how the P is bound in the soil, PO4

3--P concentrations in soil solution typically range between 0.1 and 1.0 mg kg-1 (Plante, 2007).

However, they may rise with an increase in pH, as seen in a urine patch (Gahoonia et al., 1992;

Hartikainen). Higher amounts of dissolved organic P have been seen after sheep urine was added

to pasture soil, and it has been hypothesized that this is due to the humic substance becoming

more soluble due to an elevated pH (Shand et al., 2000; Shand et al., 2002). Additionally, as they
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are bound in the SOM, this might lead to higher concentrations of trace elements and other

metals.
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CHAPTER 3

METHOLODOLOGY

3.1 Sample collection

Soil sample was collected using sterile polythene bags. The sites used are the undesignated

areas for urine discharge. The experimental site is the soil area noted for regular urine discharge.

While the control soil was collected from areas not contaminated with urine. A total of three (03)

soil samples were collected from urine contaminated site and control soil samples were collected

from two (02) sites. The soil samples were collected from the top soil (5-20cm) respectively.

Sample collection sites were Hall 3, Life science complex, Library extension for urine

contaminated soil and Hall 2 car park, Hall 3 for control soil. Samples from urine contaminated

and control soil were sealed respectively and were appropriately labelled before they were

transferred to Microbiology Laboratory of University of Benin for immediate analysis.

3.2. Sample preparation

Soil samples were subjected to microbiological analysis using the method of Olutotiola et al.,

(2001). Pour plating was done using nutrient agar (NA-oxoid). Standard microbiological

techniques were employed to reduce bacteria load and prevent overcrowding of petri dishes are

the soil dilution for bacteria. Culture media used was prepared according to manufacturer’s

specification and sterilization of materials was done in an autoclave at 121℃ for 15minutes.

Ten grams (10g) of each soil sample was diluted in 90ml of sterile distilled water, followed by

ten -fold serial dilution with sterilized saline. After which 1ml of the dilution was plated out into

Nutrient agar in duplicates using pour plate method and allowed to solidify. Nutrient agar plate
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for bacteria were incubated at 35℃ for 24hr. Bacteria counts were recorded in colony forming

units per ml (cfu/ml).

3.3. Isolation and identification of bacteria

Distinct colonies of bacteria were purified by repeated subculture on the respective isolation

media and preserved at 4℃. Morphological and biochemical tests to identify bacteria isolates

were carried out using the methods of Cheesebrough (2006).

3.3.1Morphological test

3.3.1.1 Gram stain

A thin smear of the test isolates was made on different slides with the aid of a sterile wire loop

and aallowed to dry, after which they were heat fixed and allowed to cool. Each fixed smear was

covered with crystal violet stain for 60 seconds. Then the stain was rapidly washed off with clean

running water. All the water was tipped off. After which the smear was covered with Lugol’s

iodine for 60 seconds. The iodine was washed off with clean running water. Then the smear was

covered with acetone-alcoholfor 10 seconds. Then washed off immediately with clean water.

Then the smear was covered with neutral red stain for 2 minutes and washed off with clean water.

The slide was placed on a draining rack for the smear to air-dry. After which a few drop of

immersion oil was dropped on the stained smear and examined microscopically with the 100x

objective. Then the result was documented (Cheesebrough, 2006).
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3.3.2. Biochemical test

3.3.2.1 Indole test

Indole test was carried out with the use of tryptone water and kovac’s reagent. The test

organism was inoculated in a bijou bottle containing 3ml of sterile tryptone water. Then

incubated at 35-37℃ for up to 24hrs. Test for indole was carried out by adding 0.5ml of kovac’s

reagent, then gently shook. After which it was examined for a red color in the surface layer

within 10mins (Cheesebrough, 2006).

3.3.2.2. Citrate test

Citrate test was performed using Simmon’s citrate agar. Slopes of the medium was prepared in

bijou bottles as recommended by the manufacturer. Using a sterile straight loop saline

suspension of the test organism was streaked in the slope and then the butt was stabbed. Then it

was incubated at 35℃ for 24hrs. Then the medium was observed for a bright blue color

(Cheesebrough, 2006).

3.3.2.3. Oxidase test

A piece of filter paper was soaked with a few drops of oxidase reagent. Then a colony of the

test organism was smeared on the filter paper (Cheesebrough, 2006).

3.3.2.4. TSIA (triple sugar iron agar)

The TSIA media was prepared according to manufacturer’s recommendation. With a sterile

loop the test organism was inoculated into the prepared TSIA by first stabbing through the center

of the tube and then streaked on the surface of the agar slant. The cap was left on loosely and
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then the tube was incubated at 35℃ for 24hrs. After incubation the tube was examined for color

change in the slant and butt, blackening, cracks and gas formation in the medium.

3.4. Antibacterial susceptibility test

With the use of a sterile wire loop the test isolates were emulsified in 3-4ml of sterile

physiological saline. In a good light the turbidity of the suspension was matched with the

turbidity standard. With the use of a sterile swab Mueller Hinton agar was inoculated with the

well emulsified isolates. Excess fluid was removed by pressing the swab against the side of the

tube above the level of the suspension. The petri dish was streaked evenly over the surface of the

medium in three directions, rotating the plate approximately 60° to ensure even distribution.

With the petri dish lid in place the surface of the agar was allowed to dry for 3-5 minutes. With

the use of a sterile forceps the antibiotic discs were placed evenly on the inoculated plate. The

disc were placed about 15mm away from the edge of the plate and not closer than about 25mm

from disc to disc. Within 30 minutes when the discs were placed, the plate was inverted and

incubatedat 35℃ for 24 hours. After which the plate was observed for growth then with the use

of a ruler the area of growth was measured from the underside of the plate and documented

(Cheesebrough, 2006).
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CHAPTER FOUR

RESULTS

Table 4.1 shows the cultural, morphological and biochemical characteristics of bacteria isolates

from urine contaminated soil and control soil in University of Benin, Ugbowo Campus.

Table 4.2 shows the percentage prevalence of bacteria isolates from urine contaminated soil and

control soil sample from University of Benin. Bacillus subtilis being the highest (80%) and

Escherichia coli the lowest (20%).

Table 4.3 and figure 4.1 shows the total heterotrophic bacteria count in cfu/ml of urine

contaminated soil and control soil samples from University of Benin, Ugbowo Campus. It was

observed that the mean heterotrophic bacteria count range from 19.5± 0.5 to 83.5± 6.5cfu/ml.

Table 4.4 shows antibiotic susceptibility test of bacteria isolates. All bacteria isolates were

susceptible to Ciprofloxacin and resistant to Colistin.
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Table 4.1: Cultural, morphological, and biochemical characteristics of isolates

Colony 1 2 3 4 5 6
Elevation Convex Convex Convex Undulate Raised Unbonate
Margin Entire Entire Unbonate Unbonate Entire Wavy
Color Golden yellow Yellow Cream Cream Cream Bluish green
Shape Circular Circular Irregular Circular Circular Circular
Size Pin head Pin head Large Large Small Medium

Morphology
Gram stain + + + - - -
Cell type Cocci Cocci Rod Rod Rod Rod

Arrangement Cluster Cluster Pairs Dispersed SIINGLY Dispersed
Color Purple Purple Purple Pink Pink Pink

Biochemical
KOH - - - + + +
Indole + - - - + -
Citrate - + + + - +
Oxidase - + - - - +
Glucose + + + + + +
Sucrose + + + - + -
Lactose + - - + + -
Mannitol + + + - - +
Gas

formation + + - + - +
H2S

formation + - - - - -
TSIA A/A K/A A/A A/A A/A K/K

Identity Staphylococcus
aureus

Micrococcus
luteus

Bacillus
subtilis

Klebsiella
pneuminia

Escherichia
coli

Pseudomonas
aeruginosa
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Table 4.2: Percentage prevalence of bacteria isolate

LEGEND: UCS = Urine control soil, CS = Control soil

Bacteria
Hall 2 car
park CS Hall 3 CS

Life
science
complex
UCS

Library
extension

CS
Hall 3
UCS

Percentage
prevalence %

Staphylococcus
aureus - _ _ + + 40

Micrococcus luteus + + - - + 60

Bacillus subtilis - + + + + 80

Klebsiella
pneumonia - - + _ + 40

Escherichia coli - _ _ - + 20

Pseudomonas
aeruginosa + - - + + 60
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Table 4.3: Total heterotrophic bacteria count of urine contaminated soil and control soil samples in University of Benin,

Ugbowo Campus in cfu/ml.

THBC
1

THBC
2

THBC
1

THBC
2

THBC
1 THBC 2

Average
THBC
1/THBC
2

Location
THBC
1

THBC
2 Cfu/ml Cfu/ml Cfu/ml Cfu/ml Mean±SE SD Variance

Log
10cfu

Log
10cfu

Hall 2 Car
park control

soil 42 47 4200 4700 4.2x10³ 4.7x10³ 44.5±2.5 3.56 12.5 3.6721 3.672098 3.6721

Hall 3
control soil 77 90 7700 9000 7.7x10³ 9x10³ 83.5±6.5 9.19 84.5 3.88649 3.954243 3.92037

Life science
complex 19 20 1900 2000 1.9x10³ 2x10³ 19.5±0.5 0.71 0.5 3.27875 3.30103 3.28989

Library
extension 35 48 3500 4800 3.5x10³ 4.8x10³ 41.5±6.5 9.19 84.5 3.54407 3.681241 3.61265

Hall 3 urine
contaminated 40 32 4000 3200 4.0x10³ 3.2x10³ 36.0±4 5.66 32 3.60206 3.50515 3.5536
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Figure 4.1: total heterotrophic bacteria count
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Table 4.4: Antibacterial susceptibility test of isolates from urine contaminated soil and
control soil samples from University of Benin, Ugbowo Campus

LEGEND: 1-12mm= Resistant, 13mm and above=Susceptibility, CIP = Ciprofloxacin,
GEN = Gentamacin, CB = Carbenicillin, TE = Tetracycline, CS = Colistin

Bacteria CIP GEN CB TE CS

Staphylococcus

aureus 17(S) 14(S) 0(R) 15(S) 1(R)

Miocrococcus

leteus 17.5(S) 16(S) 2(R) 14.5(S) 2(R)

Bacillus subtilis 15.5(S) 14(S) 1(R) 0(R) 1(R)

Klebsiella specie 16.0(S) 15.5(S) 0(R) 0(R) 0(R)

Escherichia coli 17(S) 15(S) 14(S) 14(S) 10.5(R)

Pseudomonas

aeruginosa 17.5(S) 10.5(R) 0(R) 1(R) 2(R)
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CHAPTER FIVE

DISCUSSION

According to the study, soils from public lavatories include opportunistic microbial species that

are significant for both individual and societal health. In this investigation, bacterial isolates from

studied soils concur with findings from Cheesebrough (2006). Despite being present in the soil

samples, Micrococcus luteus is also a natural component of mammalian skin flora. In

immunocompromised patients and individuals, this organism, which is often non-pathogenic and

is generally classified as a contaminant, may be an emerging nosocomial pathogen.

Bacteria belonging to the genus Micrococcus can be found in a variety of settings, such as dirt,

dust, and water. Beer, animal and dairy products, as well as human skin, have all been found to

contain micrococci. They can also be present in water, dust, and soil, among other elements of

the environment. In both natural settings and clinical specimens, Micrococcus luteus is the most

prevalent species. In situations with little water or lots of salt, micrococci can thrive.

Micrococcus cells can endure for a long time while not producing spores (Greenblat et al., 2004).

Although it can be an opportunistic pathogen, Micrococcus is typically considered of as a

saprotrophic or commensal organism, especially in hosts with weakened immune systems, such

as HIV patients (Smith et al., 1999). Since the organism typically exists in skin microflora and

the genus is rarely associated with disease, it might be challenging to pinpoint Micrococcus as

the source of an infection. Infrequently, deaths utilized to treat these bacteria-related illnesses

(Bannerman and Peacock, 2007). Although there is a low chance of infection, it is crucial to

prevent unintentional parenteral inoculation, ingestion, and inhalation of infectious droplets

(Lieb et al., 2002).
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The diverse chemoheterotrophic species of the genus Bacillus that generate aerobic spores are

able to respire using a range of simple organic molecules (sugars, amino acids, organic acids). B.

cereus is a pathogen that affects humans (as well as other animals), causing opportunistic

infections like endophtalmia, keratitis, septicemia, meningitis, endocarditis, pneumonia,

osteomielitis, urinary infections, and cutaneous infections as well as food-borne illnesses like

diarrheal-type and emetic-type syndromes. Additionally, it causes mastitis and abortion in cattle,

among other illnesses in domestic animals (Logan, 2005).

Round, parasitic bacteria belonging to the Staphylococcus genus are frequently found in air,

water, on human skin, and in the upper region of the throat. These bacteria are known to cause

kidney and wound infections, boils, pneumonia, and septicemia. Staphylococcus epidermidis

occurs everywhere in a benign symbiotic relationship, and it typically does not cause infection.

The majority of the skin, as well as the mouth, external ear, urethra, and nostrils, typically have it.

Staphylococcus epidermidis can, however, exploit a host with a compromised immune system

and exacerbate an already present illness. Staphylococcus epidermidis may induce endocarditis

after heart surgery. A urinary tract abnormality may already present and develop into cystitis as a

result of Staphylococcus epidermidis (Cheesebrough, 2006).

Urine has a pH of 5.6- 6.8. The pH of the urine-contaminated soil may have been lowered,

turning it acidic, which favored fungus development over bacterial growth (Drangert, 2000).

Particularly where sufficient sanitary facilities are lacking, the sediments from public urinals

may play a significant role in the transmission of infection. Public urine-contaminated soil

microbes have the ability to act as either primary or opportunistic pathogens, resulting in disease.

These urine-contaminated soils have an unpleasant smell as well. People with UTIs excrete more

microflora than people who appear to be in good health, which may explain why organisms
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discovered in urine-contaminated soils. The microbial load within the bodily systems may rise

above threshold levels as a result of frequent use of public restrooms. This supports the findings

of the Hoglund et al. (2002). This would frequently lead to a diseased or infectious state. Visitors

to these urinals therefore run the danger of getting opportunistic illnesses or disorders. In

undeveloped nations, it's typical for people to urinate anywhere in public. The microbial load

within the bodily systems may rise above threshold levels as a result of frequent use of public

restrooms. This supports the findings of the Hoglund et al. (2002). This would frequently lead to

a diseased or infectious state. Visitors to these urinals therefore run the danger of getting

opportunistic illnesses or disorders. In undeveloped nations, it's typical for people to urinate

anywhere in public. There has been a lot of research on the microflora of soil and urine, but not

much on the microbiota of pee-contaminated soils. The main goals of this research were to

increase understanding, spread awareness of the technique, and provide information.

5. 1. CONCLUSION AND RECOMMENDATION

Urine-contaminated soils are a threat to the public's health since they can be used as routes for

the spread of infection. Lack of hygiene, population growth, and overcrowded facilities

encourage indiscriminate incontinence in public areas. This method has the potential to alter the

soil microbiota in urine-contaminated areas. In such soil settings, an increase in microbial load

may raise the risk of getting opportunistic illnesses. The number of restrooms at the university is

significantly below what is needed to accommodate the staff and the constantly increasing

number of admitted students. Hostels are also overcrowded, which has the accompanying effect
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of causing damage to the available restrooms and indiscriminate peeing surrounding the hostels.

One cannot emphasize enough how important it is for the institution to provide more and better

restrooms. Students' restrooms could be isolated from staff restrooms due to the generally poor

sanitary habits and practices of students and to prevent overstretching of restroom facilities.

Additionally, portable or water closet toilets might be made available. However, it is necessary

to regularly dispose of the contents of the portable restrooms. Unquestionably, public spending

on fundamental sanitation is important. WHO/UNICEF, (2000) found that following and

enforcing basic sanitation laws would help prevent needless deaths and safeguard the health of

millions of people.
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