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Abstract

Antibiotics are a class of drugs that help to cure bacterial infections by killing or stopping the growth of bacteria that are
causing these infections. Antibiotics revolutionized modern medicine, as they were first introduced in the late 19th century
and have since saved countless lives from bacterial infections. However, the indiscriminate use of antibiotics has led to the
emergence of antibiotic-resistant bacteria that can no longer be treated with commonly used antibiotics. Antibiotic resistance
is now a major public health concern worldwide, as it poses a significant threat to human health. In this article, we will
discuss the causes, consequences, diagnosis method and possible solutions and treatment to Methicillin-resistant
Staphylococcus aureus (MRSA).

Antibiotic resistance occurs when bacteria develop mechanisms that allow them to survive in the presence of antibiotics. The
resistance can be intrinsic, which means that the bacteria naturally possess genes that confer resistance, or acquired,
meaning that bacteria acquire resistance genes from other bacteria. Bacteria acquire resistance genes through horizontal
gene transfer, which can be mediated by plasmids, transposons, or bacteriophages. The resistant bacteria then become the
dominant population that can spread and cause infections that cannot be cured by antibiotics.

Antibiotic resistance has been recognized as a global health crisis, and it is on the rise due to a combination of factors,
including overuse, misuse, and poor regulation of antibiotics in human(1) and veterinary medicine, agriculture, and the
environment(2,3,4,5). It is estimated that up to 50% of antibiotics prescribed for humans are unnecessary or inappropriate,
and the same is true for livestock and pets. In agriculture, antibiotics are widely used as growth promoters and prophylaxis
for infectious diseases in food-producing animals, which can result in the selection and spread of antibiotic-resistant bacteria
in animals and the environment. The use of antibiotics in aquaculture and crop production also contributes to the
dissemination of resistant bacteria.

Methicillin-resistant Staphylococcus aureus, commonly known as MRSA, is a type of bacteria that is resistant to commonly
used antibiotics such as methicillin, penicillin, amoxicillin, and oxacillin. This strain of bacteria was first identified in the
1960s and has since become a major public health concern worldwide(6,7,8).

MRSA is a serious infection that requires immediate medical attention. With the increasing prevalence of the disease, it is
important to understand its causes, symptoms, treatments and preventive measures.

1. Introduction: which has led to the development of antibiotic-resistant

strains of the bacteria. The widespread use of
MRSA (Methicillin-resistant Staphylococcus aureus) antibiotics in healthcare settings has played a key role
bacteria are caused by the overuse of antibiotics(1), in the emergence of MRSA. This is because antibiotics
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create an environment in which the bacteria are under
constant pressure to evolve and become resistant to the
drugs.

The emergence of MRSA bacteria is thought to be due
in part combination of horizontal gene transfer and
genetic mutation. This means that the bacteria can
acquire new genes from other bacterial species(9), or
undergo changes in their own genes, which allow them
to survive and thrive in different environments.

Symptoms of MRSA bacterial infections can include:

1. Redness, warmth, and swelling around the area of
infection

2. Pain in the affected area
3. Pus or drainage from the infected area

4. Skin rash or bumps that are painful or tender to the
touch

5. Fever
6. Fatigue or general malaise

7. Shortness of breath and chest pain (in cases of
MRSA pneumonia)

8. Headache, stiff neck, and sensitivity to light (in cases
of MRSA meningitis) [3,4]

It is important to note that symptoms can vary
depending on the type and severity of the
infection(10,11,12,13). Additionally, not everyone
with MRSA will show symptoms, as some people can
be carriers without being sick.

It should be noted that we should pay attention to the
difference in symptoms between MRSA infection and
other microbial infections, as rapid diagnosis of MRSA
infections can lead to less spread of the MRSA
bacterias.

One of the significant differences between MRSA
infection and other microbial infections is its resistance
to antibiotics. While most bacterial infections can be
treated with a course of antibiotics, MRSA infections
require different antibiotics or alternative forms of
treatment. Furthermore, MRSA infections are more
likely to require hospitalization and more aggressive
treatment than other types of bacterial infections.
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Another difference is the location of infection. MRSA
infections typically occur on the skin or in wounds,
while other microbial infections can attack different
body systems. MRSA infection often manifests as a
skin abscess, which requires incision and drainage to
be treated effectively.

Finally, MRSA infection is more contagious than other
bacterial infections. It can be spread through direct
contact with infected wound drainage, and individuals
in close contact with infected individuals are at a higher
risk of developing a MRSA infection.

2. Diagnosis:

One of the primary approaches to diagnosing MRSA
infection is through a clinical evaluation. A physician
will typically conduct a physical examination and take
a patient’s medical history to look for any signs of
infection. Common signs of MRSA infection may
include redness, warmth, pain, and swelling in the
affected area to name a few. However, clinical
symptoms alone may not always provide a definitive
diagnosis of MRSA, and further laboratory testing may
be required.

Another essential diagnostic tool for MRSA is
microbiological culture. Cultures of wound swabs,
blood, or any other body fluids are used to isolate the
bacteria and determine whether it is methicillin-
resistant or not. It is important to note that cultures can
take several days to yield results, and hence, this
diagnostic method may not be useful in patients who
require prompt treatment.

Blood tests: Blood tests can be performed to detect the
presence of MRSA antibodies or to monitor the
severity of the infection.

Imaging tests: Imaging tests such as X-rays or CT scans
may be used to detect infections in deep tissues or
organs.

Moreover, molecular techniques such as polymerase
chain reaction (PCR) are being increasingly used for
the diagnosis of MRSA. The PCR assay amplifies
specific DNA sequences that are unique to MRSA, and
the result can be obtained within a few hours. These
methods have been demonstrated to be highly sensitive
and specific in detecting MRSA in clinical samples.
Nevertheless, PCR is not widely used in routine clinical
practice due to its high cost and specialized equipment
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requirement. 8 currently, the gold standard test for
detecting MRSA is the identification of the mecA gene
using PCR. (15,16,17)

Currently, rapid diagnostic tests such as lateral flow
assays and antigen detection assays are being
developed and evaluated for the diagnosis of MRSA.
The lateral flow assay is a rapid diagnostic test that
detects the presence of MRSA-specific proteins in a
patient’s sample(17,18). The result can be obtained
within a few minutes, making it an ideal tool for rapid
screening tests. On the other hand, antigen detection
assays detect the presence of MRSA in blood samples
using monoclonal antibodies(19,20). These tests are
also rapid, with results obtained within a few hours.
However, these tests have not yet been widely adopted,
and their diagnostic accuracy needs further evaluation.

In conclusion, the diagnosis of MRSA infection
remains a key challenge for clinicians due to its
complexity and the need for prompt treatment. A
combination of clinical and laboratory-based methods
is essential for accurate diagnosis, and each approach
has its advantages and limitations. Although a diversity
of diagnostic techniques is available, there is no
consensus on the optimal approach. Current advances
in diagnostic technology offer promising results for
rapid and accurate diagnosis of MRSA infection, but
further research is needed to validate their diagnostic
accuracy. Furthermore, new diagnostic techniques
must be accessible and affordable for routine clinical
practice.

Current treatment option for MRSA:

1. Antibiotics: Methicillin-resistant Staphylococcus
aureus (MRSA) is resistant to many commonly
used antibiotics, but several others can still target
the bacteria. Antibiotics like vancomycin,
daptomycin, linezolid, and tigecycline, are often
used to treat MRSA infections(21).

The drugs that are most effective in treating MRSA
belong to a class of antibiotics called glycopeptides.
Vancomycin is the most commonly used glycopeptide
and is considered the gold standard for the treatment of
MRSA infections. Vancomycin binds to and inhibits
the peptidoglycan synthesis in the bacterial cell wall,
ultimately killing the MRSA bacteria. However, in
recent years, clinical resistance to vancomycin has
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emerged, which has led to the development of newer
drugs.

Daptomycin, a cyclic lipopeptide antibiotic, is another
drug that has shown efficacy in treating MRSA
infections. Daptomycin works by disrupting the
bacterial membrane potential, leading to the death of
the MRSA bacteria. It is effective against vancomycin-
resistant MRSA (VRSA) and has been approved by the
United States Food and Drug Administration (FDA) for
the treatment of complicated skin and soft-tissue
infections caused by MRSA.

Linezolid is a synthetic oxazolidinone antibiotic that
shows strong activity against MRSA. It binds to the
23S rRNA of the bacterial ribosome, preventing the
formation of the protein synthesis complex and
ultimately killing the MRSA bacteria. Linezolid has
been approved by the FDA for the treatment of skin and
soft tissue infections caused by MRSA and is also
effective against vancomycin-resistant MRSA.

Another antibiotic used in the treatment of MRSA is
tigecycline. Tigecycline belongs to the glycylcycline
class of antibiotics and inhibits bacterial protein
synthesis by binding to the 30S ribosomal subunit of
the MRSA bacteria. Tigecycline has shown efficacy in
treating complicated skin and soft-tissue infections
caused by MRSA and other resistant organisms.

2. Incision and Drainage: In some cases, the area
infected with MRSA may need to be drained surgically
to help clear the infection.

3. Topical Medications: Topical applications of
antibiotics like mupirocin can also be prescribed to
treat localized MRSA infections.

4. Wound Care: Proper wound care, including keeping
the affected area clean and covered, can prevent the
spread of MRSA.

5. Vaccines: Researchers have studied the role of
vaccination in treating and preventing MRSA
infections(22). Vaccines have shown great potential in
preventing MRSA infections from occurring. A study
by Giersing and colleagues showed that vaccination
with a specific MRSA vaccine can reduce the incidence
of infection in high-risk patients by up to 60%. More
studies are currently underway to develop effective
vaccines against MRSA.
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The most effective treatment for MRSA is antibiotics,
but there are alternative treatment options that may
pose fewer side effects risks for some patients. These
options include:

1. Manuka honey: Studies have shown that manuka
honey is effective in treating MRSA by reducing the
infection and promoting healing(23).

2. Essential oils: Essential oils like tea tree oil, oregano
oil, and thyme oil have antibacterial properties and can
be used topically to treat MRSA.

3. Photodynamic therapy (PDT): PDT is a non-invasive
therapy that uses light and a photosensitizing agent to
kill MRSA bacteria(24).

4. Silver-based products: Silver has antimicrobial
properties and can be used in the form of colloidal
silver, silver dressings, and silver-impregnated
catheters to treat MRSA infections(25).

5. Probiotics: Probiotics can help replenish the gut
bacteria that are destroyed by antibiotics and reduce the
risk of secondary infections(26).

It is important to note that these alternative treatments
may not be as effective as antibiotics and should only
be wused under the guidance of a healthcare
professional. The decision of which MRSA treatment
option to use depends on many factors such as the
severity of the infection, the patient's other medical
conditions, and the sensitivity of the bacteria to
different antibiotics. In making this decision, doctors
may consider the following factors:

1. Symptoms: Doctors will assess the type and severity
of the patient's symptoms. Symptoms that are severe or
life-threatening may require more aggressive
treatment.

2. Site of Infection: The location of the MRSA
infection is also important. Infections in certain areas
of the body, such as the bloodstream, heart valves, or
bone and joint areas, may require more aggressive
treatment options.

3. Susceptibility Results: Doctors may order a culture
and sensitivity test to determine which antibiotics are
effective against the strain of MRSA causing the
infection. The results of this test will help guide the
choice of antibiotic treatment.
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4. Patient allergies or other conditions: If the patient has
allergies to specific antibiotics or underlying medical
conditions such as liver or kidney disease, the doctors
must select a treatment option that is safe for the
patient.

5. Side effects: Like any other medication, antibiotics
have their own set of potential side effects.
Vancomycin has been associated with nephrotoxicity
and ototoxicity(27). Daptomycin can cause muscle
damage and elevated creatine kinase levels(28).
Linezolid has been linked to myelosuppression and
serotonin syndrome(29). Tigecycline has a high
incidence of nausea and vomiting and associated
hypofibrinogenemia(30)

Doctors will consider the potential side effects of each
drug when selecting an appropriate treatment option.

Some of the other potential side effects are as follows:

-Antibiotic resistance: Overuse of antibiotics can lead
to the development of antibiotic-resistant bacteria,
including MRSA.

- Kidney damage: Some antibiotics may cause kidney
damage or exacerbate existing kidney disease.

- Gastrointestinal problems: Antibiotics can cause
diarrhea, nausea, and vomiting.

- Allergic reactions: Some people may experience
allergic reactions to antibiotics, which can be life-
threatening in some cases.

- Liver damage: Some antibiotics may cause liver
damage or increase the risk of liver disease.

- Hearing loss: Certain antibiotics can cause hearing
loss, especially if used in high doses or over a long
period of time.

- Clostridium difficile infection: Antibiotics can also
lead to the growth of Clostridium difficile bacteria,
which can cause severe diarrhea and potentially life-
threatening infections.

- Skin irritation: Some topical antibiotics used to treat
MRSA infections can cause skin irritation, burning, or
itching.

- Reduced immune function: Long-term use of
antibiotics can reduce overall immune function,
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making individuals more susceptible to other
infections.

Ultimately, the decision of which MRSA treatment
option to use is a complex one that depends on many
factors unique to each individual case. The doctor will
carefully weigh all of these factors when selecting the
best course of action.

It should be noted that researchers have conducted
extensive research to to overcome the challenges
associated with antibiotic  resistance, various
alternative treatment options have been studied. One
such approach is using antimicrobial peptides (AMPS)
to treat MRSA. These peptides are naturally found in
various organisms and possess antimicrobial properties
that can kill MRSA. Several studies have shown
promising results in using AMPs against MRSA
infections.

Another treatment option that has been extensively
studied is phage therapy. This therapy involves using
bacteriophages, which are viruses that infect and kill
bacteria(31). Phage therapy has shown significant
potential against MRSA infections, especially in cases
where traditional antibiotics have failed.

In addition to the above treatment methods, researchers
have also studied natural compounds for their ability to
treat MRSA infections. These compounds include
plant-based products and essential 0ils(32).

3. Preventing:

In order to prevent MRSA infections, it is essential to
understand the key preventive measures and implement
them consistently.

One of the most effective ways of preventing MRSA is
to practice good hand hygiene(33). Washing your
hands with soap and water for at least 20 seconds is
recommended, especially after using the restroom,
before handling food, and after coughing or sneezing.
Hand sanitizers can also be used as an alternative to
soap and water, but they should contain at least 60%
alcohol to be effective.

Another important preventive measure is to keep
wounds and skin infections clean and covered. MRSA
bacteria can enter the body through cuts, scrapes, or
other skin injuries. If you have a wound, keep it
covered with a clean, dry bandage until it heals. Do not
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share personal items such as towels or razors as this can
also spread the bacteria.

Practicing safe sex is also crucial in preventing MRSA.
MRSA infections can be transmitted through sexual
contact. Use barrier protection methods like condoms
and dental dams to reduce the risk of transmission.

In healthcare settings, it is important to follow infection
control practices to prevent the spread of MRSA.
Healthcare workers should wear gloves when coming
into contact with bodily fluids or contaminated
surfaces. All equipment and surfaces should be cleaned
and disinfected regularly.

Lastly, individuals who are at high risk of MRSA
infections, such as healthcare workers and athletes,
should consider undergoing regular testing. Early
detection and treatment of MRSA can prevent the
spread of infection to others.

In conclusion, prevention is key when it comes to
MRSA infections. By practicing good hand hygiene,
keeping wounds and skin infections clean and covered,
practicing safe sex, following infection control
practices in healthcare settings, and regular testing, we
can prevent the spread of MRSA and reduce the burden
of MRSA infections.

4. Result:

MRSA infections are considered a major concern for
the global healthcare system, potentially resulting in
significant time and costs for patients and the
healthcare systems of countries. Therefore, rapid
diagnosis, treatment, and prevention of their spread are
extremely important, which was discussed in this
article. Researchers continue to develop and discover
faster treatments through the evolution of antibiotics or
finding effective traditional methods and remedies for
treatment. Laboratory systems still play a crucial role
in detecting MRSA infections and identifying effective
antibiotics for treatment. With the help of lab tests and
the patient's medical history and symptoms, the doctor
will be able to make a quick diagnosis and provide
treatment.

As discussed, treating patients with antibiotic-resistant
bacterial infections is difficult. The first step to
reducing the number of affected individuals is to
modify the prescription pattern of antibiotics and to
strengthen the antibiotics used. Unnecessary antibiotic
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