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Abstract

Because of the frequent emergence of novel microbial species and the
re-emergence of genetic variants of hitherto known microbes, the
global healthcare system, and human health has been thrown into
jeopardy. Also, certain microbes that possess the ability to develop
multi-drug resistance (MDR) have limited the treatment options in
cases of serious infections, and increased hospital and treatment costs,
and associated morbidity and mortality. The recent discovery of the
novel Coronavirus (n-CoV), the Severe Acute Respiratory Syndrome
CoV-2 (SARS-CoV-2) that is causing the CoV Disease-19 (COVID-19)
has resulted in severe morbidity and mortality throughout the world
affecting normal human lives. The major concern with the current
pandemic is the non-availability of specific drugs and an incomplete
understanding of the pathobiology of the virus. It is therefore
important for pharmaceutical establishments to envisage the
discovery of therapeutic interventions and potential vaccines against
the novel and MDR microbes. Therefore, this review is attempted to
update and explore the current perspectives in microbes, clinical
research, drug discovery, and vaccine development to effectively
combat the emerging novel and re-emerging genetic variants of
microbes.
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INTRODUCTION

The emergence and re-emergence of novel microbial
species have always been a challenge to human health!2.
This has recently been proven once again with the
evolution and spread of hitherto a novel Coronavirus
(CoV), which was believed to have emerged and spilled
from the bats and pangpolins to humans?*. We have noted
such microbial emergences previously in the Influenza
virus pandemics (1918-America, Europe, Asia), the
Human Immunodeficiency Virus (HIV) (1920-

Democratic Republic of Congo (DRC), 1981-America),
the Severe Acute Respiratory Syndrome (SARS) CoV
(2002), the Middle East Respiratory Syndrome (MERS)
CoV (2012), among others. The Dengue virus (1950's-
Philipines, Thailand), Chikungunya virus (1953-
Tanzania), NIPAH virus (1998-Malaysia), Ebola virus
(1976-Central Africa-DRC), Zika virus (1947-East Africa-
Uganda) are among a few viral species that have shown
re-emergence’s from time to time, causing endemic and

epidemic infections™s. Also, several reports of human
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infections caused by microbes that were previously
ignored as non-pathogens*2.

The cause for concern with these microbial emergences is
the lack of preparedness among the people, no
knowledge of the microbe’s pathobiology, and other
characteristic features that include the modes of
transmission, the severity of infection, and the absence of
specific antimicrobial agents or vaccines’. Also, it is
crucial to understand that humans may not be
sufficiently prepared to counter the effects of microbes
when encountering novel microbes for the first time.
This has been proven from the experiences of the current
SARS-CoV-2 pandemic, wherein the initial mortality
rates were significantly higher than in the later stages of
the pandemic®®. An increased understanding of the
nature of the microbe, its pathobiology is instrumental in
exploring the effectiveness of several interventions that
include both the repurposed and the novel
chemotherapeutic agents on the disease course and help
in the development of vaccines'e. This review focuses on
the importance of health and disease, microbes, drug
discovery, clinical research, roles of regulatory

authorities, and vaccine development.

HEALTH AND DISEASE

It is important to understand the differences between
well-being (healthy) status and the definition/characters
of a disease. Also significant is to know what a disease is
and the signs and symptoms of a disease. We must
understand the mechanism of the disease to identify the
areas of interventions to cure/ prevent the disease'”. New
therapies can be helpful when health and disease are
understood. Understanding the disease is an important
aspect of formulating measures to treat and manage it
successfully. As evidenced from a recent research report,
framing disease ecosystems (interactions between the

human and the disease at the cellular and tissue level)
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may help us define therapeutic interventions, as
illustrated in Figure 1. Some research also highlights the
role of diet, age, and sex in disease development's.
Breaking the human defense barrier and causing disease
requires the disturbance of normal homeostasis in
various body systems. This is evident from a recent
research report that signifies gastrointestinal microbiota's
role in maintaining body homeostasis®.

In research done on the human immunodeficiency virus
(HIV) infected people, it was noted that even though the
viral replication was stopped after the initiation of the
drug, it could not sustain for a long time after stopping
the therapy. This was suspected to be caused by the
virus's complex pathophysiology/life cycle, which
requires further studies as noted by previous research?.
There are different therapeutic interventions that a
physician chooses to treat a disease/condition. It could
vary from a simple drug to a more defined treatment like
stem cell transplantation and gene therapy. Several
therapeutic interventions that are currently available
include pharmaceutical drugs, surgery, transplantations,
and molecular/gene therapy. The selection of the best
therapeutic intervention depends on the type and nature
of the disease, the age, and the pathology of the system
involved. Previous research had suggested that in
specific cases where gene therapy is the choice of
treatment, the early the intervention (in most instances,
before even the clinical symptoms start), the best results?..
Hypertension during pregnancy may lead to several
complications in both the mother and the baby.
Therefore, managing hypertension among pregnant
females assumes greater significance. A sublingual anti-
hypertensive drug that acts fast is usually prescribed
among such patients to reduce the complications?. In
type 1 diabetes, there is a dysfunction of the insulin-
producing cells, mostly due to an autoimmune

mechanism. Among the various therapeutic
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interventions available, gene therapy appears to be the
most advanced type, clearly requiring further research®.
Therefore, clinical research is of great significance to
finding ideas towards identifying and developing newer

antimicrobial agents, devices, and drugs.

Health
Intervention

Figure 1. The human health, disease, and their consequence

MICROBES AND DRUG DISCOVERY

Clinical microbiology involves the study of microbes and
the diseases caused by them. Clinical microbiologists
focus on the morphology, cultural characters, the
pathogenicity-which includes the source of infection and
the modes of transmission of the disease, the clinical
features that the disease brings about in the infected
population, its laboratory diagnosis, and finally, the
various methods of therapy and prevention of the
disease®. While culturing the microbes that cause
diseases, it is observed that some microbes require
different media/bases/supplements for their culture.
Some do not grow in artificial media and may only be
maintained in laboratory animals  (Leptospira,
Muycobacterium leprae, Mycoplasma preumoniae)>?. The
clinical research knowledge may be used to develop new
media to grow such microbes.

Besides  pathogenicity,  clinical = microbiologists
understand the life cycles of medically important
microbes. This could help perform clinical trials and
produce a drug to stop microbial multiplications at

various stages of its life cycle and prevent the disease®.

The best example is the Human immunodeficiency virus
(HIV), for which the antiretroviral drugs were discovered
to bisect/stop various stages of its replication?.
Laboratory identification methods or devices may be
discovered using clinical trial procedures to improve the
diagnosis of rare/ emerging/ existing microbial infectious
diseases. Newer antimicrobial agents may be required to
treat various microbial infectious diseases that currently
have no therapeutic options, like the most common
Dengue virus, Chikungunya viral infection, and rare
microbes like Zika, Ebola, Nipah virus, and many other
microbial infections®3l. Currently, we do not have
efficient vaccines for several microbial infections for
disease prevention. The drug discovery and clinical trials
knowledge may be of great use to develop successful
vaccines for severe diseases like HIV, Influenza viral
infection, Dengue infection, and the emergent novel
Coronavirus strains32®,

Clinical microbiology involves laboratory work that
screens various patients” specimens. Depending on the
site of the disease, an appropriate sample is collected if a
microbial infection is suspected. For example, someone in
the hospital who underwent an operative procedure
suffers from post-operative wound infection, and a pus
swab is generally collected. This swab is cultured to
isolate the bacterium responsible for the infection®. Also,
we look for the antibiotic sensitivity patterns of the
isolated organisms against most of the antibiotics
currently used to treat these infections. The cause of
concern today is the emergence of antibiotic resistance
among microbial species, which limits the treatment
options®. Another prominent example of antimicrobial
resistance is the treatment failures in tuberculosis cases
where many tuberculous bacteria resist traditional
antitubercular drugs*® (Figure 2).
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Figure 2. Understanding microbes and their disease
consequences

DRUG DISCOVERY AND CLINICAL
RESEARCH

Drugs are notjustavailable, and it requires a considerable
effort that involves the biopharmaceutical companies to
manufacture them successfully. These companies
produce the drugs and market them. All of which fall
under the legal aegis of the local and international
regulatory authorities. There is an ever-increasing
demand for the drugs in the market either due to the
increased antimicrobial resistance or the emergence and
re-emergence of various microbial infections and other
chronic diseases like cancers”. We had moved from the
times when herbal preparations were used to treat
diseases, where the physicians knew that the medicine
works (empirical therapy), but they never could know
how and why and many other aspects, including the
adverse effects. Times have changed now, and
biopharmaceutical companies identify the clinical
problem, search for a candidate, develop a lead, perform
clinical trials, define their pharmacokinetic properties,
and do toxicological studies before being approved and
used on humans®3.

Developing a new drug and marketing is an uphill task
even in the era of advanced technologies. The success of

a new drug depends on several factors. One factor that
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majorly influences the success of a new drug is its
performance compared to the standard drug already in
use®. Also, if it is a therapeutic drug introduced to treat a
disease that had no previous treatment, success will
depend on the drug's performance based on the phase IV
studies (post-marketing analyses)*. The pharma
companies invest much money to find a drug and hold
the patent for the drug if they are successful. Once the
patent period expires, the other smaller pharma
companies start re-producing and market them in the
name of generic drugs®. Drug discovery is a process that
satisfies the needs of patients, where a new drug is
discovered for a known disease that previously had no
certified treatment. Drug development also involves the
discovery of an alternative drug, which in most instances
is superior to the current drug, which is already in use®.
The  drug  discovery,  development,  and
commercialization involve the process that includes the
identification of a therapeutic concept, selecting a target,
its validation, finding a lead compound, its optimization
and performing clinical trials, and finally getting its
approval for marketing. The drug development process,
which is lengthy, complex, and financially expensive,
poses a considerable challenge even in automation and
technological advancements®. A recent research report
had highlighted the significance of basic science research
in drug discovery and development. This research
suggests that the drug development process may be fast-
forwarded by coordinating the individual laboratory
contributions throughout the world in developing a drug
target, identifying a target molecule, and performing
clinical trials®. It may take more than 10-12 years to
develop a drug successfully. Most drug discovery
research is happening in neurological disorders and
cancers®*. Among the several techniques available for
developing a drug, High Throughput Screening (HTS)
probably is indispensable?”.
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Drug discovery is a tedious process wherein most
instances, and the candidate drug needs to be obtained
from nature®®. To identify the actual molecule with
drug capabilities, it must undergo a lengthy process
where the lead compound is identified from a raw
natural product. The cause of concern is the lengthy and
laborious process of drug discovery. Identifying the
molecule that possesses the therapeutic effect from raw
material is time-consuming. This has been improved
with the advent of the high throughput and ultra-high
throughput screening techniques®s'. A recent research
report evidenced by the availability of automation,
advanced robotic systems, and software have made the
drug development process cost-effective and time-
effective> (Figure 3).

Infection/Source

Diagnosis/Prognosis

Microbe and
Clinical Research

Treatment/Control Vaccine/Prevention

Figure 3. Implications of microbes and clinical research

ROLES OF REGULATORY AUTHORITIES,
REGULATIONS, AND GUIDELINES

A new drug discovery process is almost impossible
without good clinical and laboratory practice. The
regulatory
organizations/ agencies like the United States Food, Drug
and Cosmetic Act (US-FDA) and the Central Drugs
Standards Control Organization (CDSCO), India, play

international and national

key roles in drug discovery, development, and
marketing processes. No research achieves success
without following certain principles®. Good clinical

practice guidelines are available for the laboratories and

research personnel. A major part of good clinical practice
guidelines includes the ethical aspects of clinical
research® Human behavior during clinical research
must include six basic principles like autonomy,
beneficence, non-maleficence, justice, confidentiality, and
honesty*. The Nuremberg code was the first of its kind,
followed by the World Health Organization's (WHO)
1964 Helsinki declaration, recommending the ethical
guidelines throughout the world. The Indian Council for
Medical Research (ICMR) guidelines for research,
including human subjects, were introduced in 2000 for
the first time in India®. The whole process of a drug
discovery that includes the study design, conduction of
the study, its performance, and all other things, including
the analysis, auditing, and reporting of the results, comes
under an international ethical standard known as good
clinical practices (GCP). They basically protect the rights
and privileges of the subjects and patients involved in a
clinical trial®>".

The GCP has a lengthy historical background wherein
the physicians who took the Hippocratic oath, probably
the first GCP guideline (460 BC) and followed the rules,
were called good physicians. Later, over the years, many
other international and national GCP guidelines
emerged throughout the world, that include the US.
Food, Drugs and Cosmetic Act, Nuremberg Code, the
Helsinki declaration, the Belmont Report, International
Guidelines for Biomedical Research Involving Human
Subjects, ICH-GCP guidelines, and the Indian council for
medical research (ICMR) guidelines on GCP*. The drug
discovery process involves various phases, and the pre-
clinical trials assume increased significance. Here, the in
vivo pharmacological and toxicological studies are
carried out before a drug is introduced for human use®.
Although a drug may be exceedingly difficult to discover
and may take more than a decade for a potential new

drug discovery before it is available in the market, its
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safety to human beings remains paramount. To be called
as successful, a newly discovered drug should perform
better than the already approved drug in use and be less
toxic with minimum or no adverse drug reactions. The
final drug approved for human use may be added with
the colors, excipients, and other chemicals required for
the transport/release/edible of the drug at the target
site®. A recent report had highlighted the importance of
upholding the rights of clinical research participants and
the significance of the environmental risk. This report
appeals to scientists' cautious approach towards
unmeasurable health hazards arising from clinical
research activities®®. The sulphonamide drug deaths due
to the excipient diethylene glycol and the more famous
thalidomide issue where the antiemetic drug produced
teratogenic changes when used during pregnancy give
us an idea of the potential complexities involved in
clinical research. Such issues can be minimized by better
pharmacovigilance®? (Figure 4).

Regulatory bodies

International National
World Health Organization (WHO), The United States-Food and The Central Drugs Standard
Drugs Administration (US-FDA), The International Council for Control Organisation (CDSCO),
Harmonisation of Technical Requirements for Pharmaceuticals for The Indian Council of Medical
Human Use (ICH) Research (ICMR)

Institutional

The Institutional Ethics
Committee (IEC)

Good Manufacturing

Good Clinical Practice (GCP) Practice (GMP)

Figure 4. Hierarchy of international and national regulatory
authorities

CLINICAL TRIALS FROM DRUG
DISCOVERY TO MARKETING

There are different types of study designs; among them
are the types of clinical trials which routinely include
human subjects. The core components of clinical trials
include the clinical trial personnel's roles and
responsibilities, including the regulatory authorities, the
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clinical research coordinators, and the other persons
involved in clinical research like the auditors®. Clinical
trials are a complex of multiple processes which occur in
a sequence and result in the discovery/availability of a
new drug. It has four important phases wherein phase 1-
4 involves the human subjects. Phase 1 must be
conducted on a select group/cohort of healthy subjects.
Furthermore, to describe a healthy subject, one must
consider the type of drug to be tested®. Alternatively,
uniform eligibility may include a human subject with a
pulse rate of 50-90 beats per minute as a healthy subject,
as reported by a previous study®.

Clinical trials are all the procedures done to evaluate the
efficacy of a new therapeutic drug candidate/ a medical
device. The trials have various phases ranging from
phase 0 to phase IV. Phase 0 rarely involves human
testing and is done to evaluate the toxicological effects in
the lab (in vitro)®. Phase I through IV gradually involves
new drug testing among healthy/diseased people. The
trials mainly constitute the ethical considerations, the
study design, application for the investigational new
drug (IND), and finally, the new drug application (NDA)
after all the phases of clinical trials®’.

Marketing a pharmaceutical product/drug or a medical
device is as important as its discovery. The life cycle of a
pharmaceutical ~ product from its  discovery,
development, and decline is a lengthy process. The drug
development process and the marketing of a
pharmaceutical product also assume even greater
significance, given that it decides its life and success in the
market®. Several companies produce the exact
product/drug in India and are sold in different trade
names. This generates a war among the pharma
companies, and the marketing of the drugs takes the
wrong route by influencing the physicians to prescribe
their drug trade name in return for some freebies and
other monetary benefits. In countries like India, the
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expensive strategies of drug marketing could contribute
to the increased cost of the drug®. The pharmaceutical
drug marketing happens in phase IV of the clinical trials,
where the drug is introduced into the market.
Traditionally the "Push technique" was used in drug
marketing, where the physicians would recommend a
drug. The push technique has been recently replaced by
the "pull strategy," where public advertisements are
displayed®. It was found that the medical
representatives' feedback information could influence
the physicians' prescription patterns in developed
compared to developing nations”.

Although a drug is discovered and may finally pass all
the trials to reach human usage, it must be made edible
by preparing formulations. These formulations are
designed to define the drug dosage and the route of
administration. A drug approved for humans must be
prepared based on the dosage, route of administration,
the dosage forms, the edible formulations, and the
excipients used to deliver”2. In recent times we have seen
the emergence of nanoparticles as a method of drug
preparation and delivery”7. Nanoemulsions use water
in oil or oil in water mixed with amphiphilic surfactant
holding the drug for effective delivery”. The drug
discovery and how a drug is prepared
(solid/ gel/liquid/vapors) for its introduction into a
patient also assume greater significance. The drugs may
be either solids or liquid forms, depending on their
chemical nature. Also, there may be controlled-release
preparations and the newest forms like nanoparticles,
encapsulated forms, hot-melt extrusions, injection
moldings, and many others”. The major drawback of
many new drug formulations is their low water
solubility. This was corrected using a technique called
insoluble drug delivery” (Figure 5).

Novel technologies in
drug development,
delivery, and vaccines

Successful
drug/device/vaccine

Clinical reserach

Reduced time to
development and
marketing

Phase 1 Phase 4

Better preparedness
against emerging
microbes

Phase-2 Phase 3

Figure 5. Clinical trial /research process

VACCINE DEVELOPMENT STRATEGIES
TO COMBAT INFECTIONS

Despite the advancement in scientific technologies, we
have not been able to develop efficient vaccines against
the most common infectious diseases like Malaria,
Dengue hemorrhagic fever, Epstein-Barr virus (EBV),
Hepatitis C virus (HCV), Herpes Simplex Virus (HSV),
and several other bacterial parasitic, viral, and fungal
diseases of extreme public health concern. The failure to
develop vaccines against several microbes” creeps for
various reasons. The ability of microbes to frequently
alter their genetic makeup to evade immune responses
has been the most significant obstacle for developing
effective drugs and vaccines™. Previous malaria vaccine
studies have also noted that the vaccine, although
efficient in eliciting a robust immune response, was not
enough to provide long-lasting immunity. This was
attributed to parasites' immune-evasive characteristics,
which could be countered by instituting
immunomodulatory  interventions, = which  are
unfortunately not cost-effective in production and
administration*1,

Scientists have explored the viral vector-associated
malaria vaccine and adjuvant-based vaccines
(RTS,S/AS01 malaria vaccine) as alternate technologies
that can induce Thymus (T cell) mediated immune

responses, giving better protection against repeated
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Malaria infections®2®. Vaccines have proven to be
remarkably beneficial in eradicating and controlling
various microbial infections like the smallpox virus,
poliovirus, Measles, Mumps, and Rubella virus,
tuberculosis, diphtheria, pertussis, and tetanus. The
major hurdles in developing vaccines against common
microbial infections are the complex microbial biology,
no commercial drive, and microbes are more prevalentin
low socio-economic and third world countries. Infections
usually cause no mortality and the time and expenses

associated with the development of vaccines”™ (Figure 6).

Vaccine development strategies

Live
attenuated Sub- Vector/Chime
unit/recombin ric TR mRNA
ant protein Hepatitis B vaccines

P SARS-CoV-2
Influenza

Killed/inactiva
ted Polio,
Measles, Yellow fever
Mumps, Hepatitis B | virus vaccine
Rubella, Rota Virus (17D strain)
virus

Rabies,
Poliomyelitis,

Figure 6. Vaccine development strategies

MESSENGER ~ RIBONUCLEIC  ACID
(mRNA) VACCINES

The in vitro transcribed mRNA vaccine is a novel vaccine
development strategy, an alternative to the established
technologies that have been explored for its use against
parasitic infections even before the emergence of the
SARS-CoV-2%. The mRNA vaccine technology uses the
RNA consisting of genes coding for single or multiple
antigens of the infectious agents. Being novel and least
explored technology, there is not enough evidence of its
efficacy and clarity regarding regulatory requirements.
These mRNA's (non-self-replicating) need a
vehicle/carrier to be delivered into the cells and are
considered safe because they do not integrate with the
host's DINA to enable protein synthesis like protein-based
DNA vaccines. The idea of self-amplifying mRNAs was
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also explored to counter the effects of carrier molecules.
Also, it was noted that integration of mRNA segments
into a carrier RNA virus could result in improved and
long-lasting microbial protein synthesis, thereby
ensuring effective cellular and antibody (humoral) based
immune responses. The success of mRNA vaccines
dramatically depends on the quality and purity of the
transcripts. Synthesis of such mRNA transcripts uses
traditional ~ technologies like UV  spectroscopy,
fluorescent-based assay, electrophoresis,
chromatography, reverse transcription, western blot, and
capping RNA at 5' end. The mRNA vaccine candidates
are tested for their efficacy using in vitro translational
studies, cell-based systems (dendritic and other defensive
cells like the antigen-presenting cells), and cell cultures®>
87,

The mRNA vaccine technology is being used for the first
time against viral infection with SARS-CoV-2. The first
mRNA vaccine went into phase 1 trial in the USA. Itis a
lipid nanoparticle encapsulated mRNA vaccine named
mRNA-1273%, The other similar mRNA candidate
vaccine against SARS-CoV-2is BNT162 al, bl, b2, and c2,
developed by BioNTech, Fosun Pharma, and Pfizer. The
vector (Adenovirus, Pox) incorporated mRNA vaccines
like ChAdOx1 nCoV-19 (Oxford University, and
AstraZeneca)) Gam-COVID-Vac Lyo (Gamaleya
Institute, Russia), and Ad5nCoV (CanSino biological,
China) have completed phase 3 of vaccine trials and are
being cleared by the regulatory authorities for human
vaccinations®. Some potential disadvantages noted with
mRNA vaccine technology include lack of long-term
efficacy/protection, degradation of mRNA, toxicity
related to the delivery systems, persistent and abnormal
stimulation of immunity. The advantages of this
technology over the established ones include engineered
mRNAs with high immunogenicity (both cellular and
antibody responses), no risk of integrating with host
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DNA, no infection risk, and can be produced on large
scales at a reasonable time. Other significant concerns
with the mRNA vaccine technology are mRNA's

unstable nature and temperature sensitivity™.

CONCLUSION

The emergence of novel microbes does not come as a
surprise to humankind. The microbial emergences
happen naturally and are very tough to predict. The
history shows evidence of several emergences and re-
emergences of microbes. The previous emergences were
considered more devastating due to the increased
mortality and the non-availability of antimicrobial
agents, effective technologies, and infrastructure.
Although the current COVID-19 pandemic has come ata
time of sophistication, it has still proven to be equally and
more devastating than the previous pandemics
regarding morbidity and mortality. This results from the
increased world population, globalization, inadequate
pharmaceutical ~production capabilities, stringent
regulatory guidelines, and under-preparedness. Clinical
research enables us to combat diseases and helps us to
develop novel, better, and efficient drugs, devices, and
vaccines. The improved technological advances should

be applied for better preparedness against emergent
microbes in the future.
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