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Abstract

Biotechnology has offered modern medical devices for diagnostic and preventive purposes, which include
diagnostic test kits, vaccines and radio-labeled biological therapeutics used for imaging and analysis. Human health
is a major growing concern worldwide because of infectious diseases. Biotechnology has played a dynamic role
in improving the challenges regarding to human health as it has flexibility to reduce global health differences by
the provision of promising technologies. Health, life quality and expectancy of life have been increased worldwide
through the services provided by biotechnology. Malnutrition mainly arises due to the lack of essential nutrients and
vitamins in food and ultimately results in death. Biotechnology has play a major role in eliminating these problems
by producing nutrients enriched food such as Golden Rice, Maize, potato and soybean etc. Biotechnology has also
played an important role in controlling the environmental pollution through biodegradation of potential pollutants. This
review sketches improvement of human health by the use of biotechnological advances in molecular diagnostics,
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medicine, vaccines, nutritionally enriched genetically modified crops and waste management.
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Introduction

Biotechnology contributes much towards the growing public
and global health needs. It has revolutionized mankind since its
existence. It provides effective diagnostics, prevention and treatment
measures including production of novel drugs and recombinant
vaccines [1]. It gives effective drug delivery approaches, new methods
for therapeutics, nutritionally enriched genetically modified crops
and efficient methods for environmental cleanup. Health, life quality
and expectancy of life have been increased worldwide through the
services provided by biotechnology [2,3]. Parasitic and infectious
diseases like Acquired Immunodeficiency Syndrome (AIDS) [4-6]
and tuberculosis (TB) have been diagnosed rapidly at relatively low
cost. Molecular diagnostic tools including polymerase chain reaction
(PCR) [7], recombinant antigens and monoclonal antibodies have
been used for this purpose. Biotechnology has offered modern
diagnostic test Kkits, rickettsial, bacterial and viral vaccines along with
radiolabelled biological therapeutics for imaging and analysis. Vaccines
have eliminated small pox, polio and other deadly diseases for the last
hundred years. Biotechnology has made advancements in vaccination
by making recombinant vaccines that have the potential to eradicate
non-communicable diseases like cancer [8,9]. Naked DNA vaccines,
viral vector vaccines [10] and plant-derived vaccines [11]) are found to
be most effective against a number of bacterial and viral disorders [12]).

Therapeutic proteins have a large influence on non-communicable
diseases responsible for over 60% of deaths in developing countries
[13]). Transgenic bacteria, yeasts, plants [2,14] and mammals [15] have
been used as a factory of recombinant therapeutic proteins. New desired
genes are introduced into these systems to produce therapeutic proteins
of interest in large quantities and are then purified [16]. The most
important recombinant therapeutic proteins include erythropoietin for
anemia treatment. Interferon alpha against leukemia and viral diseases
(17,18] and insulin against type 1-Diabetes Mellitus [19] have been
produced. Other therapeutic agents include growth hormones [20],
cytokines, recombinant blood products, monoclonal antibodies [21],
gene therapy products, molecular pharming agents and engineered
tissue products. Xenografts [22], bone grafts, collagen and heart valves
have been successfully engineered.

Biotechnology offers relatively cheaper drug and vaccine delivery
tools. They eliminate blood-borne infections caused by re-use of
needles. Drugs and vaccines are delivered efficiently in a controlled
manner, thus avoiding the use of needles. Drugs can be propelled into
the body speedily by gas jets, can be diffused into the body and can also
be inhaled through nasal sprays. Drugs are efficiently delivered into the
body using nano-particles [23]. Recent advances in biotechnology have
reduced drug dosage required for a particular treatment. Genetically
modified crops are a beneficial product of biotechnology which fulfills
the requirement of essential nutrients and vitamins in the body. They
are helpful in the physical and cognitive development of children.
Novel and desired genes are introduced into these crops which become
nutritionally enriched to cope with growing needs of health care among
the people worldwide. Examples include iron rich rice, which fulfills
the requirement of iron, thereby preventing anemia. Golden rice is
rich in vitamin A, the deficiency of which causes blindness among
a lot of children in developing countries [24]. Potato has also been
genetically engineered to have all the vitamins, thereby satisfying the
nutritional needs of every individual. Genetically modified foods can
become a part of staple food to increase the life quality. Other enriched
genetically modified foods include flax seeds, corn, maize [25],
tomatoes, papaya, squash, soybeans, sugar beets, canola and cotton
seeds. Biological fungicides, herbicides and insecticides have also been
produced to control pests. Biotechnology has tremendous applications
in environmental cleanup for the sake of human health. Contaminated
soil, water and air are being cleaned by using microorganisms or plants
in a process of bioremediation [8,26]. Microorganisms and plants
have the ability to detoxify organic waste pollution and heavy metal
pollution caused by mercury, cadmium, and lead. Radioactive waste,
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acid mine drainage and oil spills are also treated effectively by using
biotechnology. Plant biomass can be converted to ethanol, which can
then be used as biofuel, offering much less air pollution. Biological
enzymes can make the processing of paper and pulp industry easy,
efficient and rapid [27].

Biotechnology regarding health improvement

Followings are the biotechnological techniques and their derived
health products which are helpful in the treatment of different diseases.

Molecular diagnostics

Nearly 40% deaths are due to infectious and parasitic diseases
(malaria, tuberculosis, and AIDS) each year. Spread of these diseases
can be overcome by the development of quick and accurate diagnostic
tools. These developments result in increase in survival rate as well
as help to prevent the waste of resources on non-suitable treatment.
Many conventional diagnostic tools are inaccurate, time consuming,
laborious and expensive. In contrast, modern biotechnology comprised
of molecular diagnostic tools sketches recent advances in biology for the
detection of diseases [28,29]. Molecular diagnostics was being ranked
by the scientific panel in the University of Toronto as the most ideal
set of technologies for improving the health status. Biotechnology is
based on following diagnostic techniques; PCR, Monoclonal antibodies
and microarrays. These are simple, quick, cost effective and have
high sensitivity and specificity [30,31]. PCR requires small volume of
sample to amplify and identify the DNA sequence of pathogen (that
cause the disease). It is identified in a very quick and accurate manner
as compared to conventional diagnostics. The infectious or dangerous
organisms (HIV, Mycobacterium and plasmodium) that are difficult to
grow in culture are identified by the PCR [32]. Multiplex PCR are used
to detect the pathogens which cause the broad range of diseases at once
and hence it saves both time and resources [33].

Nanotechnology is advancement in biotechnological techniques
for detection without amplification at molecular level. Mostly blood
sample is placed between two electrodes in the presence of probe
(complementary of detected DNA) coated on gold particles. These
probes anneals to pathogen’s DNA sequence. If present, circuit is
closed by Gold particles to produce detectable signals. This technique
is more sensitive as compared to conventional diagnostic methods
[34]. Development of simple and quick dipstick coated by antibody
have been increased the applications of molecular diagnostics. It can
be used anywhere without any laboratory facilities. “The program
for appropriate technology in health (PATH)” have been developed
the dipsticks for identification of malaria, TB, Hepatitis C, HIV and
pregnancy dipsticks. This test is rapid, accurate and easy to use [35].
Currently, in the diagnosis and treatment of diseases microarrays
have become a powerful tool in contrast to the traditional DNA based
tests. It is best for the study of causes of complex genetic disorders as
it can identify and quantify the thousands of gene at the same time.
Microarray has a great potential as it has been revolutionized the
recognition and treatment of common diseases. DNA microarrays,
genotypic microarrays and protein microarrays are currently used and
play important role in improving the status of health [36].

Recombinant therapeutic proteins

Currently, five different organisms including bacteria (e.g.
Escherichia coli, Pseudomonas spp. Serratiamas cescens, Erweniaher
bicola, Lactococcus lactis and Bacillus subtilis), fungi (Saccharomyces
cerevisiae), Pichia, plants (tobacco plant, rape and transgenic potatoes)
[37], insects (Spodoptra frugiperda) and mammalians (Chinese hamster
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Disease Active Substance
Hepatitis C Interferon-a
Multiple Sclerosis Interferon-f
Renal Cancer Interleukin

Haemophilia Factor 8 and 9
Diabetes Human Insulin
Anaemia Erythropoietin

Table 1: Some examples of therapeutic proteins used against different diseases
(Almeida, et al. [40]).

ovary cells, baby hamster kidney cells and transgenic animals) [38]
are used in biotechnological process to produce the recombinant
therapeutic proteins. Increase in the production of recombinant
products can be done by introducing different changes in the respective
organisms through different conventional (mutagenesis, fermentation,
sexual and parasexual processes) and modern techniques (recombinant
DNA or the hybridoma) [39]. Biopharmaceuticals and therapeutic
proteins are promising in providing the effective treatment against
chronic and complex diseases [40,41], Rader [42]. In 2008, for over 100
different diseases including 254 cancers, 163 for bacterial diseases, 59
for immune diseases, and 34 for the HIV/AIDS virus 633 therapeutic
products were under development according to “the pharmaceutical
research and manufactures of America (PhrMA)” [43] Table 1.

In 2008, 31 noval recombinant drugs and further 12 new
therapeutic proteins in 2009 are approved by FDA [43]. Now a day,
these drugs are commonly used for the cure of rare diseases which are
impossible to treat by conventional therapies. Therapeutic proteins may
be used against asthma, different cancers, Parkinson’s and Alzheimer’s
disease. Antibiotics, blood factors, hormones, vaccines, growth factors,
enzymes and monoclonal antibodies are the different groups of
biopharmaceutical or therapeutic proteins.

Vaccines and delivery of vaccines

Public health is considered a major concern worldwide both in
developed and developing countries. Scientist from all over the world
has made a lot of contributions in preventing the infectious diseases to
cure challenges regarding to human health. Global health differences
are growing progressively, the vital role of science and technology for
the betterment of human health cannot be ignored. Biotechnology
has remarkable role to find out the problems regarding to human
health and development in many developing countries [44]. At the
completion of the past century, infectious diseases offered considerably
higher public challenges [45]. These are relatively as a consequence
of ecology fluctuation and risks related to mobility and urbanization,
mismanagement of medical tools, due to environmental modification
and social interruption [46]. Vaccination is a method by which a
vaccine is administered. Vaccines are considered possibly the best
achievement of medical advance of the form century. Small pox has
completely eliminated worldwide by vaccination. It is also useful for the
looming removal of polio, and offering a vivid decrease in occurrence of
various transferrable infections [47]. Research in the vaccine advances
is being used effectively for communicable diseases as well as non-
communicable diseases for example cancer. A diversity of recombinant
vaccines is being used worldwide for the treatment of human diseases.
These recombinant vaccines include naked DNA vaccines, plant
derived vaccines and viral vector vaccines. It has been demonstrated
that a subunit vaccine RTS, S/AS02 provides protection against malarial
natural infection in adults [48]. TB is another major growing concern in
developing countries for which scientists are making numerous efforts
to achieve a recombinant TB vaccine. Because each year, it privileges
at minimum two million lives [49]. Up till now research has a subunit
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vaccine having the surface antigen Mtb8.4 that is responsible for the
protection of mice from the infection of tuberculosis [50].

Various types of vaccines have been made using tremendous
biotechnology approaches are now being used worldwide to cure the
human health challenges. The principle for the use of vaccines is very
simple because they mainly stimulate the patient’s immune system
against the infectious agents like viruses or bacteria without causing any
disease itself [49]. These vaccines include inactivated vaccines, toxoid
vaccines, live attenuated vaccines, conjugate vaccines, recombinant
vector vaccines, subunit vaccines and DNA vaccines (Figures 1-6).

U.S. Department of Health and Human Services. National Institutes
of Health. National Institute of Allergy and Infectious Diseases. NTH
Publication No. 08-4219. January (2008). www.niaid.nih.gov.

Along the development and advances in vaccines, their delivery
methods also have a significant part in improving human health.
Different methods are being used for different drugs and vaccine

- )

Figure 3: Subunit vaccines.

Figure 6: Recombinant vector vaccines.

L

administration. At present, the most extensively used method for
applying drugs and vaccines are the use of “injections”. Each year,
many thousands children die with diseases that are curable with
vaccine just because of expensive vaccine delivery facilities and
skilled medical employees. A greater ratio of HIV/ AIDS cases, 2.3
to 4.6 million hepatitis C cases and 8 to 16 million hepatitis B cases
are being reported through the misuse of needles every year (Error!
Bookmark not defined., Onabanjo, et al. [51], Health [52]). These
problems can be avoided by the use of controlled-release delivery and
injection free systems. In needle-free technologies through the use of
high-speed jet of gas, vaccine is introduced inside the body. Besides
these techniques, different solutions, skin patches and rubbing gels
can also introduce agents into body by simple diffusion method. Nasal
sprays and inhalers are also effective ways to administer drugs and
vaccines through the respiratory tract. About 15% budget is required
for the storage and refrigerated transport of vaccines that is the main
cost in all vaccine programs [53]. So, an ideal vaccine should have high
immunogenicity and long lasting immunity as well as it should be heat
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Some Specific Vaccines Now in Widespread Global Use

Cholera Pertusis (whooping caugh)
Diptheria Pneumococcal
Haemophilus influenzae Type B Polio (oral and injectible vaccines)
Hepatitis B Rabies
Human papiloma virus Rotavirus
Influenzae A Rubella
Influenzae B Tuberculosis (BCG)
Japanese B encephalitis Typhoid

Measels Varicella (chicken pox)
Mumps Yellow Fever

Table 2: Commercially available and affordable by maximum no. of people.

stable, inexpensive, commercially available and affordable by maximum
no. of people (Table 2).

The role of specific vaccines around the world can be demonstrated
by the following table. There is a space and greater opportunities
exist in the field of molecular biology for the future prosperity and
development. So, scientists from all over the world are now developing
many “Edible vaccines” that will be easily immunize people against
infectious diseases and will be commercially accessible in succeeding
few years at lower rate [54].

Nutrients enriched genetically modified food

In developing countries over half of the infant deaths occur due
to the deficiency of essential nutrients and vitamins [52]. Malnutrition
causes impaired cognitive and physical development and multiple
illnesses such as anemia. Anemia is the major cause of maternal
mortality caused by iron deficiency [55]. Moreover malnutrition also
has adverse effects on immune system. So, to overcome these nutrients
and vitamin’s deficiency biotechnology enables to introduce new genes
and new traits into crops more precisely than traditional breeding.
These genetically modified crops have many advantages most important
of them is the production of nutrients enriched food.

Vitamin A deficiency is the major cause of children death in
developing countries; almost 300,000 children go blind and two
third of them die every year. Vitamin A is important to improve the
growth and development, to increases resistance against disease and
to protect from visual impairment and blindness [52,55]. To meet
vitamin A deficiency, vitamin A enriched staple food is produced. For
this purpose rice enriched in beta-carotene (vitamin A precursor) are
produced. These rice are known as “Golden Rice” [56,24]. Now vitamin
A enriched rice and maize are being cultivated in developing countries.
Researches ensure that vitamin A present in rice efficiently absorbed by
human gut. To meet daily human requirement of vitamin A 300 mg of
transgenic rice are enough [52]. Scientist has developed transgenic seed
of rice containing ferritin, an iron storage protein. These transgenic rice
seed contain twice iron content compare to non-transgenic rice [57].
Similarly, a new variety of transgenic rice contains three genes that
increases iron storage in rice and its assimilation from the digestive
track [58]. Bouis, Chassy, introduced phytase gene in maize and
observed that maize absorbed large amount of iron. New technologies
are making efforts to increase amount and bioavailability of folates,
vitamin E, vitamin B5, vitamin A, vitamin C, zinc and iron [59-63].

Plant proteins mostly have less content of essential amino acids.
Cereal proteins are deficient in lysine (Lys) while tuber, root, legumes
and vegetables lack sulphur containing amino acids methionine (Met)
and cysteine (Cys). Modified Met-rich soybean glycinin protein was
expressed in rice to overcome methionine deficiency [64]. Kim et

al synthesized artificial storage protein (ASP1) containing 78.9%
essentials amino acids. It increased the essential amino acids supply
to a large extend [65]. Different biotechnology techniques have helped
to develop essentials amino acids enriched transgenic crops such as
staple vegetables cassava, plantain, and potato [66]. Indian researchers
have developed amino acids enriched potato [67]. L-gulono-y-lactone
oxidase gene was used to increase vitamin C amount [68].

Fermented food is routinely consumed in many developing
countries as a main part of food and diet ingredient; primary fermented
food includes curdled milks and milk products, root crops and grains.
Fermentation produces food with increased nutritional values and
quality. It also modifies the starches presence in grains that protect
against lethal diseases such as gastrointestinal disease and colon
cancer. In South Africa consumption of fermented maize causes
discrepancy in the occurrence of colon cancer among black and whites
populations [69]. Different microorganism such as lactic acid bacteria
in cheese, starter fermentation cultures in bakery and brewing are being
introduced in food to improve their nutritional value and flavor along
and also to minimize the infections by pathogenic microorganisms. Yet
these are in research and development phase [70]. Modified ruminant
microorganisms protect livestock from poisonous feed components
[71,72]. Application of modern biotechnology has reduced the level of
certain allergens and anti-nutrients in food. For example, cyanide level
in Cassava roots and levels of natural glycoalkaloid toxin in potatoes
have been reduced by inserting invertase gene from yeast [73-75].

Efforts are being made to produce potato with elevated level of
starch so that they soak up less fat during frying [66]. Transgenic soy
and canola producing oils with low level of saturated fats are essential
biotechnological products. GM soybean, oilseed rape and oil palm are
under R&D. Oilseed rape having high lauric acid and soy with high
oleic acid have been approved in the USA [76]. Beside crops different
livestock has also engineered to fulfill food requirement of world
population and to meet nutritional requirement. Gene for different
growth hormones have been introduced in fish [66]. New Zealand’s
researchers developed genetically modified cows that produce milk
enriched in casein protein. Other purpose of GMO is to produce milk
with reduce the lactose content so that lactose-intolerant people can
enjoy milk [66, 77].

Role of environmental biotechnology in health care

Pollution and the untreated waste are the major hazards for the
human health. Direct exposure of these pollutants and the people
must be avoided. Environmental biotechnology has revolutionized the
safety of public health. It provides a systematic platform that submerge
the knowledge of science and engineering. By using microorganisms
it prevents pollution by treating and biodegrading the hazardous
waste. Use of naturally occurring microbes in detoxification of
harmful substances; complete destruction of waste through various
biotechnological methods, are the major benefits of biotechnological
treatment. Strategy of bio-treatment varies according to the
physiological type of microbes used i.e. anaerobic, aerobic, aerotolerant
or microaerophilic [78]. Soil surrounding the sites contaminated with
industrial wastes have high concentrations of pollutant like Polynuclear
aromatic hydrocarbons (PAHs) and their degradation can be enhanced
through soil remediation [79]. The cost, amount of waste and the ability
of microorganisms to degrade waste are major contemplations in
environmental biotechnology. Following treatments commonly used:

Biodegradation of heavy metals

Microorganisms have enzymes to reduce or oxidize the heavy metals
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which helps in the biodegradation of waste containing these heavy
metals. Microbial metabolites such as phosphate, H,S, CO, and organic
acids promotes the precipitation of heavy metals whereas inorganic
acids stimulates the metal solubilization [78]. Sulfate reducing bacteria
are used to deal with the liquid waste from drainage and nuclear plants,
it produces H,S gas which eliminates heavy metals and radionuclides
from the drain having sulfate. The cell surface of microorganisms
contain amino group (positively charged) and phosphate group
(negatively charged) due to which the heavy metal adsorption
depends upon the pH [80]. Precipitation is further enhanced by the
organic acids produced from bacteria during anaerobic fermentation.
Radionuclides such as uranium can be accumulated by fungus through
biosorption. Prior to landfilling of sewage sludge, bioleaching of heavy
metals is done through solubilization of metals in which the minerals
in the metals are oxidized [81]. Different biotechnological strategies can
be used in combination in order to biodegrade pollutants containing
heavy metals.

Bioremediation

Inappropriate disposal of waste, industrial sludge and use of
pesticides in agriculture are the major sources of pollution. In contrast to
the assumptions of industrial sludge as a good fertilizer, it is a potential
source of contaminants, heavy metals and polynuclear aromatic
hydrocarbons (PAHs). These contaminants are known to cause cancer
in human beings. Long-term contact of human with lead, chromium,
petroleum and pesticides can results into numerous congenital disorders
and cancer. One of the most common ground water contaminant is
trichloroethene (TCE) that belongs to chlorinated compounds and
are most prior on the list of environmental protection agency (EPA)
USA. The process of using microorganism i.e. bacteria and fungi to
biodegrade, breakdown or transform the pollutants and contaminants
is known as bioremediation. Contaminants are used as an energy
source by the microorganisms and are then converted to less toxic form.
Pollutants like chlorinated hydrocarbons are biodegraded by butane-
utilizing i.e. Pseudomonas, Micrococcus, Nocardia, Aureobacterium,
Chryseobacterium, Comamonas, Rhodococcus, Acidovorax, and
Variovorax [82]. For bioremediation mainly two approaches are used;
I) augment the capabilities indigenous hydrocarbon-utilizing bacteria
IT) introduce non-indigenous bio-degraders of hydrocarbons i.e. bio-
augmentation [83]. PAHs are abundant in our environment and are
considered as potential mutagens. The soil contaminated with organic
compound including PAHs can be treated through bioremediation
which involves the microbes, addition of nutrient, moisture and
aeration [79]. In addition to bacteria, bioremediation also involves
fungi in which mycelia releases extracellular enzymes to bio-degrade
the contaminant and the process is called mycoremediation [84,85].

Conclusion

From all the facts that have been discussed above biotechnology
is known to influence every aspect of human health. Biotechnology
has offered modern medical devices for diagnostic and preventive
purposes, which include diagnostic test kits, vaccines and radio-labeled
biological therapeutics used for imaging and analysis. Malnutrition
mainly arises due to the lack of essential nutrients and vitamins in food
and ultimately results in death. Biotechnology has play a major role in
eliminating these problems by producing nutrients enriched food such
as Golden Rice, Maize, potato and soybean etc. Pollutants and untreated
waste are a great hazard to human health and are potential cause of
cancer. Biotechnology has evolved numerous strategies to biodegrade
these pollutants by making use of microorganism. Precipitation of

heavy metals and bioremediation of pollutants are the major advantages
of biotechnology UNICEF and Organization [85]).
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