UC Merced

UC Merced Undergraduate Research Journal

Title
A Natural Solution to the Crisis of Pathogens

Permalink
https://escholarship.org/uc/item/2sb2d8i{

Journal
UC Merced Undergraduate Research Journal, 9(2)

Author
Sandhu, Manmeet

Publication Date
2017

DOI
10.5070/M492034801

Copyright Information

Copyright 2017 by the author(s). All rights reserved unless otherwise indicated. Contact the
author(s) for any necessary permissions. Learn more at https://escholarship.org/termg

Undergraduate

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/2sb2d8jj
https://escholarship.org/terms
https://escholarship.org
http://www.cdlib.org/

A Natural Solution to the Crisis of Pathogens

Manmeet Sandhu

University of California, Merced

Keywords: Phage Therapy, Antibiotic Resistance Therapeutic,

Bacteriophage



i " /2" Undergraduate Research Journal
e University of California, Merced

~ 1

Abstract

Bacteriophage therapy, a process in which viruses are used to kill bacteria, is an alternative
method to antibiotic treatment. Viruses infect specific strains of pathogenic bacterial cells and
are a safer option than antibiotics for the body’s natural defense system. As a result of the large
increase in drug-resistant bacteria, society is approaching a pre-antibiotics era. Bacteriophages
are a potential solution to this problem because of their applications in medicine and in
agriculture, which could be applied to the human population. The purpose of this paper is to
provide the history, use, and future applications of phage therapy to prove that it is a rational

solution to the growing problem of drug-resistant bacteria.
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Background

History of Bacteria

When individuals mention the word bacteria people immediately attach a negative
connotation to it. Bacteria are living organisms that are typically one-celled and can be found
everywhere. From what we can touch, see and eat, there are millions of microbes around us. In
order to view bacteria, a microscope needs to be used since they are invisible to the naked eye.
Antony van Leeuwenhoek, a Dutch tradesman and scientist, was the first person to view bacteria
with a microscope that he developed himself (A History of the Compound Microscope).
Contrary to popular belief, not all bacteria are bad and harmful; there are bacteria that provide
benefits. Probiotics, for example, are beneficial bacteria which are found within the human
digestive system. They are a part of our body’s natural defense system and help the process of
digestion by decomposing organic materials that have been consumed. Bacteria that is harmful is
referred to as being pathogenic. These pathogens can lead to the development of several

infections that affect individuals worldwide.

Discovery of Antibiotics

A solution known as antibiotics has been developed in order to combat these troublesome
pathogenic bacteria. Alexander Fleming discovered penicillin, the first form of antibiotics in
1928 while he was working in his laboratory in London. This discovery of antimicrobial drugs
was one of the most significant achievements that occurred in the medical field in the 20th
century. It also played a profound effect in World War II by helping to reduce the amount of

deaths from bacterial infections as well as decreasing the number of amputations that needed to
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occur. As a result of the powerful influence that this new phenomenon created in many people's

lives, penicillin was considered as a wonder drug (Explorable).

Antibiotics work by being ingested through a capsule or can be given through an
injection. Once it successfully goes through the body, it will attack the cell walls of bacteria,
specifically the peptidoglycan, which is only found in bacterial cells. This attack helps the
prevention of diseases and serious infections. Most antibiotics will start their effects within a
couple of hours (Healthychildren). Antibiotics are used in the treatment and prevention of

bacterial infections and can assist with the management of pathogenic bacteria.

Phage Therapy:

The use of bacteriophages, called phage therapy, was first discovered by English
Bacteriologist Frederick Twort in 1915, and then backed by French Canadian Microbiologist
Felix d’Herelle in 1917 (Sulakvelidze et al.). It started to become incorporated in treating
patients with bacterial infections in France in 1919, and by 1930, it had been implemented
throughout Europe and the United States of America. However, it lost a lot of interest when
antibiotics were discovered for multiple factors. One of the factors was that scientists started
having a skeptical outlook on using viruses for treating diseases. Consequently, interest was lost
with the ease of using antibiotics, which did not pose the problem of regulation that viruses did

from phage therapy (Summers).

Antibiotic Threat

The issue with antibiotics is that their targets are not specific to individual bacterium;

therefore, antibiotics can harm the bacteria that can provide beneficial use in the body. This harm
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then, can lead to the compromise of an individual’s body system due to the development of drug
resistance in treatments. As a result, some of the infections can become highly difficult to treat.
Due to the issue of drug-resistance, stronger antibiotics are used to combat the bacteria. This use
of stronger bacteria will then cause those bacteria to become resistant to the stronger antibiotics
ultimately leading to powerful drug-resistant bacteria that will require a more powerful antibiotic
to treat it. Bacteria that form resistance to antibiotics are referred to as superbugs. Superbugs
have become a fundamental threat to the health of society as they have been considered a bigger
problem than cancer (McKenna). The decline of effectiveness from antibiotics poses both health

and economic problems for society.

There are resistant bacterial infections that affect humans worldwide. For example,
Methicillin-Resistant Staphylococcus Aureus (MRSA) can be seriously life threatening and is the
most frequently occurring antibiotic-resistant threat. MRSA has shown to be a versatile
pathogen, spreading over different areas, from hospitals to animals in agricultural settings
(Ventola). By using the phage lysate the host’s immune system is stimulated, which clears the
pathogenic bacteria. An example of where phage therapy is used is in the major medical school
in the country of Georgia. The surgeons are trained to manage infections by using phages as key
elements. Specifically, pyophages are used by incorporating them into a bandage composed of
phages and other ingredients so that when it is applied to a wound, the phages can be released
over a period of time after application. This thoroughly cleans and allows the wound to heal

properly (Abedon).

Another example is Vancomycin-Resistant Enterococci (VRE), which can cause a diverse

amount of illnesses. This pathogen exists mostly in hospitals as well as other health care settings.
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These infections are caused by the Enterococcus faecium and Enterococcus faecilis species.
VRE has less of an impact worldwide when compared to MRSA and there are few antimicrobial
treatments for it. The antibiotics used against VRE are linezolid and quinupristin, but they
remain a major threat as bacteria are always forming a stronger resistance (Ventola). Phage
therapy was used on mice infected with VRE via lytic activity where they were given isolates of
VRE. A single injection of the phage strain rescued 100% of the mice. This was a result of the

nonspecific effect that phages have on the immune system (Biswas).

Another form of bacteria is Streptococcus pneumonia (S.pneumoniae) which is a major
cause of pneumonia, meningitis and bloodstream infections. A majority of these cases have
resulted from resistant clones spreading through gene transfer events. A majority of deaths occur
in adults over the age of 50 and that rate increases exponentially after the age of 65. The infected
human bodies are resistant to antibiotic drugs such as amoxicillin and azithromycin. Phage lytic
enzymes have been successfully used in order to destroy the cell wall of S.pneumoniae, which

has made it an alternative strategy to combat antibiotic resistance (Ventola).

Mycobacterium Tuberculosis 1s a bacterial infection that is spread through the air.
Infections caused by this bacteria can potentially occur anywhere in the body, however they
mostly appear in the lungs. Mycobacterium Tuberculosis cases are a serious threat worldwide
and are treatable by commonly prescribed first-line drugs, such as isoniazid. In some cases, they
can be resistant to the first-line drugs that require more complex, stronger drugs that result in
side effects. There are two categories for classifying resistant bacteria which are extensively-
drug resistant TB(XDR TB) and totally-drug resistant (TDR) strains. There has been an interest

in using Mycobacteriophages, viruses that can infect the mycobacterial hosts. For instance, using
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phages to target the pathogenic bacteria in the upper respiratory tract where the phages could

then infect and kill those M. tuberculosis cells (Hatfull).
Process

The mechanism of bacteriophages is that they essentially parasitize bacteria by infecting
it and then reproducing in it. The scientific process of this begins when the bacteriophages bind
to the target bacteria and punctures the cell wall of the bacterium. The phages inject their DNA
via their tail into the host cell. Then, the phage directs the host cell to produce progeny phages at
an exponential growth rate. After, the newly produced bacteriophages will end up bursting from
the host cell. This kills the pathogens and infects others nearby until all the bacteria has been
treated. In addition, bacteriophages are strain specific meaning that they will not harm other cells

or good bacteria in the body, only the pathogenic bacteria (Sulakvelidze et al.)
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Figure 1: Left. Electron Micrograph of bacteriophage T4. Right. Model of bacteriophage T4 particle,
which is among the largest of phages at 90 nm wide and 200 nm long, also it encodes approximately two-

hundred genes. The head contains DNA or RNA. The collar, helical sheath and tail grant the virus the
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ability to be able to bind to the surface of the target bacterium. These are used extensively for molecular

biology research (Todar).

Potential Use of Phages to Treat Bacterial Infections

Current Use and Future application of phages. The FDA (Food & Drug
Administration) has allowed the use of bacteriophages in factories and agriculture. By
incorporating the use of bacteriophages into agriculture, it allows the reduction of the amount of
pathogenic bacteria in livestock as well as other food sources that have been contaminated with
antibiotic use in animals. This promotes the consumers health and adds extra value for the
produce since it is free of antibiotics. It can also apply to factory and hospital settings by
appropriately being able to sanitize equipment. Equipment could be considered sanitized, but
may not actually be since bacteria can develop resistance to the cleaning supplies. This is
critically dangerous to society because if hospital equipment is not being cleaned adequately it
can lead to the spread of dangerous pathogens and infection to others in the hospital that may
already be sick and have weak body systems. These patients would be unable to combat the
infection that is at hand, resulting in rapid spreading throughout hospitals and the infecting of

patients (Potera).

Advantages of Phages over Antibiotics

When comparing bacteriophages and antibiotics, there are many advantages that lean
towards bacteriophages being a better treatment option. For one, there are no known side effects
when using bacteriophages; whereas antibiotics can cause many side effects, from allergies to
secondary infections. In addition, it is easier to select and develop new treatments with phages

because of the high specificity that phages possess; whereas antibiotics do not target any
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bacterial strain specifically (Pirisi). This is also a rational solution because there is a ratio of
about ten viruses for every one bacterium, which increases the chances for successful virus based
treatments. As a result, the United States interest has reappeared in bacteriophage therapy

(Viertel).

Conclusion

The continuous use of antibiotics will cause severe negative impacts on society. For one,
by the year 2050, a report from the Wall Street Journal predicts that there will be around 10
million deaths per year caused by drug resistant bacteria. Moreover, it will cost the United States
about $100 trillion dealing with circumstances created by the superbugs. For the people who are
currently using antibiotics, their immune systems will be severely compromised. Humans have
reached this crisis because of the misuse of antibiotics. About half of the prescriptions written for
antibiotics by doctors in the United States provide no benefit at all, instead they make the
pathogenic bacteria even stronger. The prescription of antibiotics should be accompanied by a
clear explanation and instructions of use. It should include the importance of finishing the course
of treatment because often times people will not finish their course of medication because they
feel prematurely better. By not finishing the complete treatment period and stopping the
antibiotics before the prescribed course is over, the pathogenic bacteria is not being fully treated,

making the resistance worse (Naik).

Looking into the future of fighting drug-resistant pathogenic bacteria, the use of
bacteriophage therapy provides an alternative treatment when compared to the use of antibiotics.
Bacteriophages have a lot of characteristics that would make them a better alternative as a

therapeutic agent. They are very specific to the bacteria they infect, but they can also have very
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broad applications from medical to agricultural use. Actions need to be taken in order to provide
the best care possible, which phage therapy is able to provide. If phages are able to be used in
treatment plans for pathogenic bacterial infections, the issue of antibiotic resistance may be able
to be combated. The use of bacteriophage therapy will allow society to take back control of their

bodies in this ongoing war of drug-resistance.
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