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Abstract 

Biotechnology is one aspect of biological sciences that is rapidly growing with 
diversified applications in medicine and Agriculture. This paper reviewed the 
role of microorganisms in public healthcare and wealth creation generally. 
The modern growth of new drugs and food production now is owing to the 
rapid integration of biotechnological techniques that permit the identification 
and application of new molecules and microorganisms as well as the genetic 
improvement of known species.  In medicine for instance, empirical evidences 
showed that microbes are deployed in the development of vaccines, 
production of antibiotics, and bio-therapeutics (hormones and enzymes). In 
areas of wealth creation, microorganisms have been used in the agricultural 
sector as plant growth booster, bio-pesticides, bio-herbicides and many more 
which reduce cost of farming and increase crop yield. In food processing, 
microbes are used in breweries, bakeries and diaries; generating wealth and 
employment. Also, they have been beneficial in the environment in areas of 
bioremediation and biodegradation. The benefits of microbes cannot be 
overemphasized as they are source of income and livelihood to many people 
and contribute to the nation’s GDP. It is therefore recommended that more 
research be done to unleash more benefits of microorganisms. 
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INTRODUCTION 

The microbial world is the largest unexplored reservoir of biodiversity on 

earth (up to the last century, the nature and identity of only a tiny fraction 

(just <10%) of microscopic landscape is known) (Bhattacharyya and Jha, 
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2012). They constitute the largest mass of life on the planet earth. Though 

microorganisms constitute the smallest forms of life they are known to play 

vital role in every spectrum of activities within a living organism on earth 

(Bhattacharyya, et al., 2016). Therefore, It is an important frontier in biology 

under intensive investigation. 

Microorganisms are microscopic creatures, placed in different groups such as 

bacteria, fungi, protozoa, microalgae and viruses. These organisms live in soil, 

water, food, animal intestines and other different environment. Various 

microbial habitat reflects an enormous diversity of biochemical and metabolic 

traits that have given rise to genetic variations and natural selection in 

microbial population (Mosttafiz, et al., 2012). 

The roles of microbes on the advances in the healthcare industry, especially 

in pharmaceutical and medical industry have led to great discoveries, from 

vaccines to devices. Likewise, making money out of microorganism is not new, 

it has been suggested that the earliest fermented product (beers) range back 

as far as 5,000 years (Onions, 2004).  Men have used some of microbial 

diversity in the production of beers, wine, bread, cheese and yogurt. Also  in 

agriculture, they are deployed to improve agricultural productivity in the 

production of bio-fertilizers, bio-pesticides, bio-herbicides and bio-

insecticides. Microbes are also used in the environment in the composting, 

waste water treatment, bioaugumentation and bioremediation.

 
Fig 1: Scope and applications of microbial products. Source: Ahmad, et al., 

(2011) 



 

SSAAR (JASUD); Journal of                                                    September, 2020 

African Sustainable Development  

315 | P a g e  
 

Editions 

MICROORGANISM AND PUBLIC HEALTH 

It has been considered that there are about 100 trillion cells in a human body. 

However, even one tenth are hardly real human cells. The human body is 

home of trillions of bacteria, viruses, fungi, and other tiny organisms, these led 

to the need to study of these microorganisms when scientists discovered the 

association of microbes to specific diseases (Kumar and Chordia, 2017) .  

By nature, cells fight microbe that enter our body and this is commonly 

exhibited by pus formation and inflammation of wounds. Macrophages play 

an important role in immune system because they are capable of ingesting 

microbes that enter our body through open wounds (Kumar and Chordia, 

2017). However, microbes can adapt and mutate rapidly, which results to 

opportunistic infections diseases such as typhoid. On the contrary, microbes 

can also help us in ways like the way the good bacteria Lactobacillus functions 

in our digestive system. 

To stay healthy, humans need microbes and many microbes need specific 

environment provided by the human body to survive. Humans and microbes 

rely on these interactions to grow and stay healthy (Dethlefsen, et al., 2007). 

Understanding this principle allows pharmacists to discover antimicrobial 

drugs that would prevent an escalating number of communicable diseases. 

Pharmacist and microbiologist work synergistically to ensure that drug 

therapies target the opportunistic microbes without harming it human host. 

These have led to the discovery of vaccines and other devices in tackling 

health care. 

According to (Vitorino and Bessa, 2017), the participation of microorganisms 

in the generation of medical products or services involves four distinct 

aspects: (1) biocontrol of diseases, (2) production of vaccines, (3) production 

of antibiotics, and (4) production of biotherapeutics (hormones, biomaterials, 

and others). 

A problem commonly encountered in developing countries like Nigeria is the 

difficulty of implementing public policies to control the spread of parasitic 

vectors such as those of the genera Aedes and Anopheles. However, recent 

epidemic outbreaks of emerging and reemerging diseases have stimulated the 

development of biotechnological techniques that can not only assist diagnosis 

but also serve as alternatives for controlling transmission. An example is the 

potential presented by the introduction of the bacterium Wolbachia as an 

endosymbiont of the mosquito Aedes aegypti, which transmits diseases such 



 

SSAAR (JASUD); Journal of                                                    September, 2020 

African Sustainable Development  

316 | P a g e  
 

Editions 

as dengue, yellow fever, chikungunya, and the more recently detected Zika 

virus (El Hadji, et al., 2018). The focus of this approach is on the reduction of 

mosquito longevity and not on abundance. The presence of the bacteria 

reduces the mosquito life span, thus decreasing the possibility of dengue virus 

transmission, since only adult females are able to transmit (Wilke and 

Marrelli, 2015). 

For the production of vaccines, microorganisms do not function as 

biofactories but are instead only used (whole or fractionated) to stimulate the 

synthesis of specific antibodies. Vaccines are classified according to the type 

of antigen they possess attenuated or live, inactivated (subdivided into whole 

or fractionated, subunit vaccines, toxoids, carbohydrate vaccines, and 

conjugates), DNA vaccines, and recombinant vaccines (Vitorino and Bessa, 

2017). 

In attenuated vaccines, the pathogens (virus or bacteria) are alive and induce 

immune reactions similar to those resulting from a real infection (Plotkin et 

al., 2008). Attenuated vaccines have been efficiently developed for a range of 

diseases: mumps, polio (Sabin), rubella, measles, smallpox, chickenpox, 

tuberculosis, yellow fever, and dengue. These vaccines are considered highly 

immunogenic and efficiently stimulate humoral immunity, such that only one 

dose is capable of conferring immunity for decades (CDC, 2020). 

Inactivated vaccines, which are classified as whole or fractionated, contain 

completely inactivated or fractionated pathogens or only antigenic 

components of these pathogens (including subunit vaccines, toxoid vaccines, 

carbohydrate vaccines, and conjugate vaccines). In general, these vaccines are 

effective stimulators of humoral immune responses. The advantage of 

inactivated vaccines is that they are safer because the virulence of dead 

organisms cannot be reversed. Inactivated vaccines are currently available for 

hepatitis A, rabies, cholera, influenza, poliomyelitis (Salk), typhoid fever, and 

pertussis (CDC, 2020). Subunit vaccines use antigens, proteins, peptides or 

nucleic acids identified as immunogenic that can be rapidly manufactured in 

response to new outbreaks (Nabel, 2013). These antigens are purified from 

microorganisms, produced by recombinant DNA techniques, or chemically 

synthesized. They are poorly reactogenic, which is an advantage in terms of 

adverse effects but a disadvantage in terms of stimulating potent and long-

lasting immune responses (Bobbala and Hook, 2016). Despite this poor 

reactogenicity, subunit vaccines have been developed against a variety of 
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pathogens, including Streptococcus pneumoniae,  hepatitis B virus, and 

Human Papiloma Virus (HPV). (Vitorino and Bessa, 2017).  

By contrast, toxoid vaccines stimulate the immune response by using 

inactivated pathogen toxins as antigens. Vaccines of this type are available for 

tetanus, diphtheria, and anthrax. Carbohydrate vaccines are developed based 

on the knowledge that the vast majority of pathogens have dense distributions 

of polysaccharides, oligosaccharides, and complex glycans on their cell 

surface (glycocalyx) and that infected organisms detect the presence of 

pathogens through glycocalyx recognition and pattern recognition receptors 

(PRRs) that stimulate host defense responses (Astronomo and Burton, 2010; 

Pifferi et al., 2017).  

DNA vaccines consist of an expression plasmid containing genes encoding one 

or more immunogenic antigens of interest (Robinson, 1997). The use of viral 

promoters enhances gene expression and improves mRNA stability related to 

antigen synthesis. Recombinant (gene) vaccines are prepared from viruses 

engineered to carry genes encoding antigens from other disease causing 

viruses for expression in the host after inoculation. This expression induces 

antibody production and immunization.  The immunity induced by 

recombinant vaccines is usually attributed to the ability of the recombinant 

virus to express the gene of interest at high levels within the host cells. The 

viral vectors used for this purpose are attenuated to the host and are therefore 

intrinsically safe (Vitorino and Bessa, 2017). 

In modern microbiology, the implementation of biotechnological techniques 

has allowed wide access to numerous monoclonal antibodies (MAbs). Human 

virus-neutralizing MAbs have already been isolated from non-immune and 

immune sources using a range of newly developed antibody isolation 

technologies. One such technology employs microorganisms, such as phages, 

yeasts, bacteria, and viruses, to display repertoires of singlechain variable-

domain antibody fragments (ScFvs), antigenbinding fragments (Fab), or 

domain antibodies (Dabs) on their surfaces (Carter, 2006). These antibodies 

have also been used for the treatment of infectious diseases. Recently, two 

antibodies were approved for this purpose: palivizumab, a human respiratory 

syncytial virus (RSV)-neutralizing monoclonal antibody that blocks virus 

replication; and raxibacumab, which prevents binding of the protective 

antigen of the anthrax toxin to its receptors in host cells (Baldo, 2016). MAbs 

represent one of the largest classes of drugs in development, and between 
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2010 and 2014, 17 of the 54 protein drugs approved were MAbs (31.5%). 

These drugs therefore provide a new and promising way of thinking about the 

tackling of diseases (Sofowora, et al.,  2013). 

In addition to increasing progress in the production of vaccines and MAbs, 

biotechnological advances have also boosted the availability of new drugs, 

such as antibiotics and hormones. The boom of antibiotic discovery occurred 

between 1950 and 1960; with increased knowledge of the causative agents of 

various infectious diseases, antibiotics has come to denote a wider range of 

antimicrobial compounds.  However, despite the need for new antibiotics, 

only two new classes of antibiotics have been introduced in medicine since 

1963, both of which are based on nalidixic acid (Brito and Cordeiro, 2012). 

Limited research results, inappropriate prescription of antibiotics, and 

misuse of antibiotics by the general population have threatened antibiotic 

potency and increased the occurrence of superbugs, i.e., microorganisms that 

appear at an alarming rate and are resistant to most or all clinical antibiotics 

in use (Ventola, 2015). 

Many multi-antibiotic-resistant gram-negative bacilli also fit the description 

of superbugs, such as P. aeruginosa, K. pneumoniae, E. coli, Acinetobacter 

,baumannii, and Stenotrophomonas maltophilia, and polymyxins have 

emerged as the major last-line of defense against these gram-negative 

superbugs (Velkov et al., 2016). Recently, an important method that allowed 

the in situ growth of soil microorganisms not cultivable under laboratory 

conditions. Hence, chemicals produced naturally by the microorganisms could 

be tested, such as teixobactin, the first compound of a new important class of 

antibiotics. Teixobactin is capable of eliminating methicillin-resistant 

Staphylococcus aureus (MRSA), and bacteria  that are believed not to be 

susceptible to developing resistance to teixobactin (Ling et al. 2015).  

The use of recombinant microbial cells has allowed large-scale production of 

a large number of products of pharmaceutical interest, such as hormones, 

anticoagulants, high-value proteins, and others. This has been crucial in 

determining the structure-function relation of proteins, as well as for 

developing a better understanding of immune system reactions, cell biology, 

and signaling events. The major microorganisms explored as biofactories are 

the bacterium E. coli, followed by the yeast S. cerevisiae; both prokaryotic and 

eukaryotic systems are constantly evolving and competing to improve their 

properties and intensify as platforms of choice for the production of 
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biopharmaceuticals (Chumnanpuen et al., 2016). In the early 1980s, the FDA 

approved the clinical use of human insulin, obtained by heterologous 

expression via E. coli, for the treatment of type I and type II diabetes (FDA, 

1982), and this was the first recombinant 

pharmaceutical product to be introduced into the market. Since then, the 

improvement of new heterologous protein production systems via E. coli 

enabled the commercial approval of several other products, including 

hormones (calcitonin, parathyroid hormone, human growth hormone, 

glucagon, and somatropin), interferons, and interleukins (Ferrer-Miralles et 

al., 2009). 

 

MICROORGANISM AND FOOD 

Both foods of plant and animal origin normally carry a microflora on the 

surface of their parts. Animals also have an intestinal microflora. Both animals 

and plants may also become contaminated from outside sources. The inner, 

healthy tissues of plants and animals, however, have been reported to contain 

few living microorganisms, or none. In addition to natural microflora 

determined by type of plant or animal and environmental conditions, every 

food may be contaminated from outside sources on the way from the field to 

the processing plant, or during storage, transport and distribution (Rather et 

al., 2017). 

There are thousands of different types of microorganisms everywhere in air, 

soil and water, and consequently on foods, and in the digestive tract of animals 

and human. Although unwanted spoilage of foods is generally caused by 

microorganisms and contamination of food with pathogens causes food safety 

problems (Rather et al. 2017; Sperber and Doyle, 2009), the majority of 

microorganisms perform useful functions in the environment and also in 

some branches of food industry, such as production of wine, beer, bakery 

products, dairy products etc which are sources of income for many both 

commercially and locally.  

The microorganisms occurring on and/or in foods are from a practical point 

of view divided into three groups: molds, yeast and bacteria (Lorenzo et al., 

2018). Molds are generally concerned in the spoilage of foods; their use in the 

food industry is limited (e.g. mold ripened cheese) (Radomir, 2009). Yeasts 

are the most widely used micro-organisms in the food industry due to their 

ability to ferment sugars to ethanol and carbon-dioxide. Some types of yeast, 
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such as baker’s yeasts are grown industrially, and some may be used as 

protein sources, mainly in animal feed (Kozhevin, et al., 2017). 

 

MICROORGANISM AND AGRICULTURE 

Microbial intervention may be helpful in attaining higher productivity and 

income with sustainability in agriculture in many ways, like: fixation of 

atmospheric nitrogen, increased availability of plant nutrients, decomposition 

and recycling of organic wastes and residues, bioaccumulation or microbial 

leaching of inorganics (Sengupta and Kumar 2015). 

Recently, the interest in microorganisms has focused on compounds with 

pesticidal activity, mainly herbicidal, insecticidal, and nematicidal. The first 

commercially registered mycoherbicide consisted of a suspension of 

chlamydospores of 

Phytophthora palmivora to control Morrenia odorata (McRae, 1988), and 

since then, many other plant parasite and phytotoxin producing microbial 

species have been identified. Colletotrichum gloeosporioides (Penz) Sacc. f. 

sp. aeschynomene can induce symptoms of anthracnose in Aeschynomene 

virginica, thus controlling this legume, which is a rice and soybean weed. On 

the other hand, Puccinia canaliculata can control yellow nutsedge (Cyperus 

esculentus L) by completely inhibiting flowering and reducing tuber 

formation (Duke et al., 2015).  

The endotoxin proteins Cry and Cyt are currently best known as pesticides. 

These  endotoxins are synthesized by the soil bacterium Bacillus thuringiensis 

(Bt) and have an entomopathogenic action, controlling the pests present in 

cabbage, potato, and grains (Sarwar, 2015a).  Caterpillars and eggs of pests 

such as Spodoptera frugiperda can also be infected by Baculovirus, thus 

reducing the agricultural losses caused by this caterpillar, especially in corn. 

In addition, the progress achieved by the genetic improvement of this virus 

has increased its effectiveness as an insecticide (Popham et al., 2016). Several 

fungi pathogenic of insects are also being used as control agents, including 

Beauveria, Metarhizium, and Paecilomyces. These are most frequently used 

against leaf caterpillars in greenhouses or other places where the humidity is 

relatively high (Sarwar, 2015b). 

Microbial intervention, however, also provides the use of functional microbial 

characteristics related to the promotion of plant growth. Symbiotic 

microorganisms such as Mycorrhizal fungi and Rhizobacteria develop 
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activities that can improve plant fitness, facilitating nutrient acquisition by the 

plant. Mycorrhizal fungi and roots are complementary in plant foraging within 

nutrient patches (Cheng et al., 2016) and facilitate the acquisition of 

phosphorus by the plant, through the expression of genes that code for 

inorganic transporters of this ion (Walder et al., 2016). Likewise, PGPRs 

(Plant Growth-promoting Rhizobacteria) plays a pivotal role in 

transformation, mobilization, solubilization, etc. of nutrients from a limited 

nutrient pool, and subsequently uptake of essential nutrients by plants to 

realize their full genetic potential (Shoebitz et al., 2009).  PGPRs act through 

direct and indirect mechanisms to promote plant growth. Direct mechanisms 

include mainly biofertilization, with nitrogen synthesis by strains belonging 

to the genera Rhizobium, Sinorhizobium, Mesorhizobium, Bradyrhizobium, 

Azorhizobium, and Allorhizobium, and the stimulation of root growth through 

the synthesis of auxins, cytokinins, and gibberellins. Indirect mechanisms are 

related to the reduction of susceptibility to diseases, including antibiosis, 

induction of systemic resistance and competition for nutrients and niches 

(Lugtenberg and Kamilova, 2009). 

 

CONCLUSION 
The benefits of microorganisms to human life and survival cannot be 
overemphasized. As stated in the body of the text, microorganisms have 
improved our health care system, promote agricultural produce by 
controlling pest and diseases of plants, fostering plant growth and income to 
the farmers. Food microbiology is the aspect that is focused on how microbes 
has been of immerse help to humans in food processing, creating foods that 
are more edible, gives more nutrients and boost income of many that are 
involved in food processing.  
Additionally, microorganisms are used in environmental situations for 
composting, biodegradation, bioremediation and bioaugumentation which 
have made living in our environment better. Furthermore, many bio-weapons 
are created using microbes, though the effects are usually detrimental and 
sometimes may lead to an epidemic or a pandemic, however, bio-weapons are 
a great source of income for those involved in the creation. 
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