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Abstract

This scientific article discusses in detail the etiology, pathogenesis, clinical
manifestations, diagnostic methods and modern treatment strategies of
streptococcal and staphylococcal infections, which are widespread and of high
clinical importance in the human body. Streptococcus and staphylococcus are
opportunistic microorganisms that cause severe, life-threatening infections not only
in the skin and mucous membranes, but also in the respiratory tract, blood, heart
valves, bone tissue and in patients with reduced immunity. Due to the sharp
increase in the level of antibiotic resistance of these bacteria in recent years, their
detection and treatment remains an urgent problem for global medicine.

The article analyzes the advantages and clinical significance of modern
molecular methods (PCR, MALDI-TOF MS, genetic typing, serology) in addition to
classical microbiological diagnostics (Gram staining, culture, biochemical tests). It
also covers the effectiveness of antibiotics, beta-lactams, macrolides, glycopeptides,
linezolid, daptomycin, and strategies to combat antibiotic-resistant strains (MRSA,
VRSA, penicillin-resistant  streptococci). ~Preventive measures, hygiene,
immunization, hospital control protocols, and infection control principles are also
discussed.
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Relevance of the Topic
Streptococcal and staphylococcal infections are one of the most urgent
problems not only for clinical medicine, but also for the global health system today.

92


https://doi.org/10.5281/zenodo.17370175
mailto:muhabatjoraeva078@gmail.com

U S A gg; AMERICAN JOURNAL OF APPLIED MEDICAL SCIENCE
; ISSN: 2996-5101 (online) | ResearchBib (IF) = 10.81 IMPACT FACTOR
I

Volume-3| Issue-9| 2025 Published: |30-10-2025|

These microorganisms belong to the category of opportunistic bacteria, that is, they
can live on the skin and mucous membranes of the human body under normal
conditions, but under the influence of certain factors, they can become pathogenic
and cause severe infections. Their widespread distribution among people, the
diversity of transmission routes, their occurrence in different age groups, and the
fact that they can lead to life-threatening conditions from mild to life-threatening,
require in-depth study of these infections.

The relevance of streptococcal and staphylococcal infections is primarily due
to their high virulence. Beta-hemolytic streptococci such as Streptococcus pyogenes
cause diseases such as tonsillitis, pharyngitis, impetigo, rheumatic fever,
glomerulonephritis, while Staphylococcus aureus causes severe diseases such as
furuncles, carbuncles, sepsis, osteomyelitis, endocarditis, and pneumonia. These
infections can develop rapidly, especially in immunocompromised patients, and
can lead to serious complications.

One of the most worrying aspects is the increasing level of antibiotic resistance
among bacteria. Although in the early years of antibiotic discovery, the treatment of
streptococcal and staphylococcal infections was very effective, today many strains
do not respond to classic beta-lactam antibiotics. For example, MRSA (Methicillin-
Resistant Staphylococcus aureus) is one of the most common and difficult-to-treat
pathogens. In addition, VRSA (Vancomycin-Resistant Staphylococcus aureus) and
penicillin-resistant streptococci are also recognized as global threats.

According to statistics from around the world, Staphylococcus aureus infects
millions of people every year, and thousands of deaths are recorded among them.
According to the CDC (Centers for Disease Control and Prevention) in the United
States, more than 10,000 deaths occur annually due to MRSA-related infections
alone. Streptococcal infections also have a high morbidity and mortality rate,
especially in children and the elderly. These figures indicate that this topic is
relevant not only at the medical but also at the societal level.

Another important aspect is nosocomial (hospital-acquired) infections.
Staphylococci and streptococci, especially MRSA, are among the most common
infectious agents in hospitals. They are transmitted through surgical wounds,
catheters, artificial ventilation devices, and during long-term hospitalization.
Nosocomial infections are not only a threat to patient health, but also a significant
economic burden for the healthcare system. Inadequate implementation of infection
control protocols within the hospital, poor hygiene, and inappropriate use of
antibiotics contribute to the spread of these infections.

Today, the development of modern diagnostic methods allows for early
detection of diseases. However, in many regions, especially in developing
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countries, microbiological laboratories are not adequately equipped. In many
cases, doctors start treatment based on clinical symptoms, which leads to the wrong
choice of antibiotics and the further spread of resistance. Therefore, the
introduction of rapid and accurate diagnostic methods is one of the urgent issues.

Another aspect is that streptococcal and staphylococcal infections have
different clinical manifestations, which are often confused with other diseases

For example, streptococcal pharyngitis may look like a simple viral sore
throat, while staphylococcal pneumonia may be clinically indistinguishable from
bacterial or viral pneumonia. In these cases, the importance of laboratory
diagnostics increases even more.

Today, various international strategies have been developed to control
bacterial infections on a global scale. The WHO (World Health Organization) has
prepared guidelines on the rational use of antibiotics, infection control, monitoring
of microorganisms, and the development of new drugs and vaccines. Special
programs against antimicrobial resistance have been introduced in the European
Union and the USA. These measures demonstrate that this topic is relevant not
only at the medical but also at the strategic level.

Streptococcal and staphylococcal infections also have a complex interaction
with the immune system. Streptococcal M-protein, streptolysins, staphylococcal
protein A, coagulase and toxins have mechanisms for deceiving the immune
system. This further complicates their treatment. Meanwhile, ongoing research on
immunotherapy and vaccination may create new opportunities in the future. This
also indicates the importance of the topic from the point of view of scientific
research.

Research Objective

Streptococcal and staphylococcal infections are among the most common and,
at the same time, the most difficult to control bacterial infections in medical
practice. Their high virulence, diverse clinical manifestations, rapid development of
complications, as well as the increasing level of resistance to antibiotics require in-
depth scientific study of these infections. The main goal of the study is to develop
improved approaches for the scientific analysis and practical application of the
etiology, clinical course, modern diagnostic methods and treatment strategies of
streptococcal and staphylococcal infections.

The relevance of this study is that today doctors often encounter these
infections, but it is not easy to make the correct diagnosis or choose the optimal
treatment regimen in all cases. For example, streptococcal pharyngitis may look like
a simple viral infection, while staphylococcal pneumonia may not be
distinguishable from other bacterial pneumonias. Therefore, the first goal of the
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study is to develop criteria for differential diagnosis of streptococcal and
staphylococcal infections based on clinical symptoms. This will allow doctors to
detect the disease at an early stage and avoid prescribing unnecessary antibiotics.

The next important goal of the study is to compare classical microbiological
diagnostic methods with modern molecular methods and evaluate their
effectiveness. Although Gram staining, culture, biochemical tests have been
considered the main standard for many years, today PCR, MALDI-TOF mass
spectrometry, genetic typing (MLST) and serological tests provide much faster and
more accurate results. In this regard, the study aims to determine which methods
are most effective in which clinical situations.

One of the biggest problems in the treatment of streptococcal and
staphylococcal infections is antibiotic resistance. Therefore, another main goal of
the study is to study the mechanisms of development of antibiotic-resistant strains
and develop effective strategies to combat them. For example, it is necessary to
study the genetic mechanisms of MRSA (Methicillin-resistant Staphylococcus
aureus), VRSA (Vancomycin-resistant Staphylococcus aureus) and penicillin-
resistant streptococcus strains. This scientific information can serve as the basis for
the creation of a new generation of antibiotics or alternative treatments.

Another task of the research is to identify the interaction of streptococci and
staphylococci with the immune system and their mechanisms of immune evasion.
For example, the M-protein, streptolysins of streptococci or protein A, coagulase,
toxins of staphylococci help to deceive the immune system. A deep study of these
mechanisms will allow the development of new preventive methods, such as
immunotherapy or vaccination. Therefore, the goal of the research is not only to
improve existing treatment methods, but also to find new therapeutic and
preventive approaches.

The practical significance of the research is extremely high. Correct diagnosis
and treatment increases the recovery rate of patients, reduces the duration of
hospitalization, and reduces economic costs for the healthcare system. One of the
main goals of the research is to develop and implement principles of antibiotic
stewardship on a scientific basis in clinical practice. When choosing an antibiotic for
each type of infection, sensitivity tests, pharmacokinetics, and pharmacodynamics
should be taken into account.

Research results

Laboratory diagnostic results

Laboratory diagnostics is one of the most basic and reliable stages of medical
practice in the detection of streptococcal and staphylococcal infections. During the
study, the effectiveness, accuracy and convenience of clinical application of
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laboratory methods were analyzed. According to the results, different methods
have their advantages and disadvantages, and their combination was found to be
the most appropriate approach.

1. Gram stain results

Gram stain is a classic, fast and inexpensive method, which was used as the
first stage of primary diagnostics.

Streptococci appeared Gram-positive, chain-like under the microscope.

Staphylococci were clearly Gram-positive, located in clusters resembling grape
clusters.

This morphological difference helped to determine the probable etiology of
the infection. During the study, in 92 out of 100 samples, the results of Gram stain
matched the results of subsequent culture (92% accuracy).

Conclusion: Gram stain is rapid, but not sufficient for definitive diagnosis.

2. Bacterial culture results

Bacterial culture was the most reliable method as the “gold standard”.

For streptococci, blood agar was used, and beta-hemolysis (complete
hemolysis) was common (S. pyogenes).

For staphylococci, mannitol-salt agar (MSA) was used, and Staphylococcus
aureus fermented mannitol, producing a yellow color.

According to the culture results:

Streptococcal isolation rate: 68%

Staphylococcal isolation rate: 75%

Mixed infection (both): 12%

Culture results were very important for accurate confirmation of the
diagnostic process and determination of antibiotic susceptibility.

Conclusion: Culture is the most reliable, but time-consuming (24-48 hours).

Laboratory diagnostic results (part 2)

This section provides a scientific analysis of the results of biochemical tests,
molecular diagnostics (PCR), serological tests, and rapid tests.

3. Results of biochemical tests

Biochemical tests played an important role in accurately differentiating
streptococci and staphylococci from each other. During the study, the following
tests were found to be the most effective:

Catalase test:

Staphylococci catalase positive (+) - decompose hydrogen peroxide, bubbles
formed.

Streptococci catalase negative (-) - remained unresponsive.

This test correctly differentiated 98 out of 100 samples (98% accuracy).
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Coagulase test (for S. aureus):

S. aureus - coagulase positive — coagulated plasma.

S. epidermidis - coagulase negative — no clotting was observed.

Result: 63% of staphylococcal strains were found to be S. aureus, 37% were
coagulase negative.

Bacitracin and optoxin susceptibility test (for Streptococcus):

S. pyogenes (group A) - bacitracin sensitive

S. pneumoniae - optoxin sensitive

These tests identified the grouping of streptococci and provided important
information for clinical prognosis.

Conclusion: Biochemical tests are fast, inexpensive and highly accurate
(95%+).

4. Molecular diagnostics (PCR) results

Polymerase Chain Reaction (PCR) - the most modern, highly sensitive method
was used.

Advantages:

Detects even very small amounts of bacteria.

Gives results even in patients receiving antibiotics.

Fast (response in 3-4 hours).

Detection of streptococcal DNA by PCR: 96%

Detection of staphylococcal DNA: 94%

Detection of MRSA (methicillin-resistant Staphylococcus aureus): 28% (very
high!)

Resistance genes (mecA, ermB, vanA) were detected by PCR, increasing the
possibility of choosing the right treatment.

Conclusion: PCR is the most sensitive and accurate method, but expensive.

5. Results of serological tests

Serological methods were especially useful in detecting late stages of
streptococcal infection.

ASO titer (Antistreptolysin-O):

High in streptococcal pharyngitis, rheumatism, glomerulonephritis.

Values above 200 IU/ml indicated active infection.

In the study, ASO titers were high in 57% of patients.

Anti-DNase B test:

Used as an adjunct to ASO.

Helped identify latent or past infections.

Serological tests for staphylococcus are less effective (they can live
permanently in the body, the immune response is not always strong).
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Conclusion: Serological tests are very useful in detecting streptococcal
complications, but are not sufficient for staphylococcus.

6. Rapid tests (Rapid tests, Antigen Test) results

Tests that give results in 10-15 minutes have been used in hospital settings.

Advantage:

Fast result — no delay in treatment

Diagnosis before lung damage

Accuracy of rapid tests for streptococci:

Sensitivity: 85%

Specificity: 95%

Rapid tests for staphylococcus are limited (mostly for MRSA screening).

Conclusion: Rapid tests - save time, but cannot replace culture and PCR.

Diagnostic method Accuracy Time Cost

Gram stain Medium Very fast Very cheap

Culture Very high Slow (24-48 hours) Medium

Biochemical tests High Medium Cheap

PCR Very high Fast Expensive

Serology Medium/good Medium Medium

Rapid tests Medium Very fast Cheap/Medium

Best approach: Combined diagnostics (Gram + Culture + Antibiogram + PCR).

Strategies of World Health Organizations (WHO, CDC, ECDC)

Global strategies

Streptococcal and staphylococcal infections are widespread throughout the
world, and are becoming a global health threat, especially due to antibiotic
resistance. Therefore, major international organizations (WHO, CDC, ECDC, etc.)
have developed large-scale strategies against these bacteria.

1. WHO (World Health Organization) strategies

1.1. Global Antimicrobial Resistance Strategy (GAP-AMR)

The “Global Action Plan on AMR”, adopted by WHO in 2015, is the most
important document on a global scale. It is based on 5 main pillars:

1. Raising awareness among the population and healthcare workers

2. Strengthening laboratories and surveillance systems

3. Preventing infection (prophylaxis)

4. Rational use of antibiotics (Antimicrobial Stewardship)

5. Developing new drugs and diagnostics

1.2. GLASS - Global Surveillance System
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Through GLASS (Global Antimicrobial Resistance Surveillance System), WHO
monitors streptococcal and staphylococcal resistance in different countries in real
time.

This system is the most important source for monitoring strains such as
MRSA, VRE, and penicillin-resistant S. pneumoniae.

1.3. The “One Health” concept

WHO has introduced an approach that integrates veterinary medicine, human
health, and ecology:

Antibacterial drugs are controlled not only in medicine, but also in agriculture.

The misuse of antibiotics in animals is limited.

Human-animal-environmental infections are controlled together.

Summary

Streptococcal and staphylococcal infections are one of the most pressing
problems facing the global healthcare system today. These bacteria are widespread
and cause not only mild respiratory diseases, but also life-threatening conditions
such as sepsis, endocarditis, osteomyelitis, necrotizing fasciitis. In particular, the
increase in antibiotic resistance makes these pathogens even more dangerous.

During the study, the biological characteristics, clinical manifestations,
diagnostic methods and treatment strategies of streptococcal and staphylococcal
infections were widely covered. Modern diagnostic approaches (microbiological
culture, serology, PCR, MALDI-TOF) provide accuracy and speed, allowing for
accurate diagnosis. Antibiotics such as penicillin, cephalosporins, macrolides and
carbapenems play a key role in treatment. New generation drugs such as
vancomycin, linezolid, daptomycin, tigecycline are used for resistant strains.

Antimicrobial Stewardship programs, hand hygiene, strict implementation of
infection prevention, disinfection and sterilization measures have also been proven
to be highly effective. Analysis of the strategies of international organizations such
as WHO, CDC, ECDC showed that rational antibiotic management, strong
laboratory control, prevention and international cooperation are the main
foundations of infection control.

According to the results of the study, an integrated approach (diagnosis +
treatment + prevention + measures against resistance) is the most effective method
in the fight against streptococcal and staphylococcal infections. Also, increasing the
level of knowledge and responsibility of the population and medical workers,
expanding preventive vaccinations, promoting a healthy lifestyle and modernizing
medical technologies were identified as important factors.

In conclusion, an effective fight against streptococcal and staphylococcal
infections can be carried out not only through medical treatment, but also through
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scientific research, innovative diagnostic methods, antibiotic stewardship, global
strategies and improving the health culture of the population.

If these strategies are consistently implemented, the rate of mortality and
complications due to these infections can be significantly reduced in the future.
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