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BACTERIAL DISEASES OF VARIOUS HUMAN BODY SYSTEM

Bacterial diseases can affect various systems of the human body. Here’s an overview of some

bacterial diseases categorized by the body system they affect:

1. Respiratory System

« Tuberculosis (TB): Caused by Mycobacterium tuberculosis, this disease primarily
affects the lungs but can spread to other parts of the body.

« Streptococcal Pharyngitis (Strep Throat): Caused by Streptococcus pyogenes,
leading to sore throat, fever, and swollen lymph nodes.

« Pertussis (Whooping Cough): Caused by Bordetella pertussis, characterized by

severe coughing spells.
2. Gastrointestinal System

« Cholera: Caused by Vibrio cholerae, leading to severe diarrhea and dehydration.

« Salmonellosis: Caused by Salmonella species, often resulting in diarrhea, fever, and
abdominal cramps.

« Escherichia coli Infection: Certain strains like E. coli 0157
can cause severe gastrointestinal distress, including bloody diarrhea and kidney failure.

3. Nervous System

« Meningitis: Caused by various bacteria such as Neisseria meningitidis, Streptococcus

pneumoniae, and Haemophilus influenzae. Symptoms include severe headache, fever,

and stiff neck.

« Tetanus: Caused by Clostridium tetani, leading to muscle stiffness and spasms.
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4, Cardiovascular System

Endocarditis: Infection of the inner lining of the heart chambers and valves, often
caused by Staphylococcus aureus or Streptococcus Species.

Rheumatic Fever: A result of untreated strep throat or scarlet fever, caused by
Streptococcus pyogenes, which can lead to inflammation of the heart, joints, skin, and

brain.

5. Urinary System

Urinary Tract Infections (UTIs): Commonly caused by Escherichia coli, leading
to symptoms such as painful urination, frequent urge to urinate, and abdominal pain.
Pyelonephritis: A type of UTI that affects the kidneys, also commonly caused by

Escherichia coli.

6. Reproductive System

Gonorrhea: Caused by Neisseria gonorrhoeae, leading to painful urination and
discharge in men, and often asymptomatic in women.
Syphilis: Caused by Treponema pallidum, presenting in stages with sores, rashes, and
eventually severe systemic involvement if untreated.
Chlamydia: Caused by Chlamydia trachomatis, often asymptomatic but can lead to

serious reproductive complications.

7. Integumentary System (Skin)

Cellulitis: Caused by Staphylococcus aureus or Streptococcus pyogenes, resulting in
red, swollen, and painful skin.
Impetigo: A contagious skin infection, usually caused by Staphylococcus aureus or

Streptococcus pyogenes, characterized by red sores and blisters.
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« Leprosy (Hansen's Disease): Caused by Mycobacterium leprae, leading to skin

lesions, nerve damage, and muscle weakness.
8. Musculoskeletal System

« Osteomyelitis: Infection of the bone, often caused by Staphylococcus aureus, leading
to pain, fever, and inflammation in the affected bone.
« Septic Arthritis: Infection of the joints, also commonly caused by Staphylococcus

aureus or Streptococcus species, resulting in joint pain, swelling, and fever.

9. Lymphatic System

« Bubonic Plague: Caused by Yersinia pestis, characterized by swollen lymph nodes

(buboes), fever, and chills.
10. Systemic Infections

o Sepsis: A life-threatening response to infection, often caused by bacteria like
Staphylococcus aureus, Escherichia coli, and Streptococcus pneumoniae, leading to

widespread inflammation and organ failure.
« Typhoid Fever: Caused by Salmonella typhi, resulting in prolonged fever, weakness,

abdominal pain, and a rash.

These bacterial diseases highlight the diverse impacts bacteria can have on various human body
systems. Prompt diagnosis and appropriate treatment are crucial in managing these infections

and preventing complications.

DEPARTMENT OF UG MICROBIOLOGY




MB — 7/A: MANAGEMENT OF HUMAN MICROBIAL
DISEASES AND DIAGNOSIS

VIRAL DISEASES OF VARIOUS BODY SYSTEMS

Viral diseases can affect various systems of the human body. Here’s an overview of some viral

diseases categorized by the body system they affect:
1. Respiratory System

« Influenza (Flu): Caused by influenza viruses (Type A, B, and C), leading to fever,
cough, sore throat, body aches, and fatigue.

« Common Cold: Caused by rhinoviruses and other viruses like coronaviruses, resulting
in symptoms such as runny nose, sore throat, and coughing.

« Respiratory Syncytial Virus (RSV): Affects the respiratory tract, particularly in

young children, causing bronchiolitis and pneumonia.
2. Gastrointestinal System

« Rotavirus: Leading cause of severe diarrhea among infants and young children.
« Norovirus: Causes acute gastroenteritis, leading to vomiting, diarrhea, and stomach

cramps.
« Hepatitis A: Affects the liver, causing symptoms like jaundice, fatigue, abdominal

pain, and nausea.
3. Nervous System

« Rabies: Caused by the rabies virus, leading to encephalitis, paralysis, and ultimately
death if untreated.
« Poliomyelitis (Polio): Caused by the poliovirus, resulting in paralysis and muscle

weakness.
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« Herpes Simplex Virus (HSV) Encephalitis: Caused by HSV-1, leading to

inflammation of the brain.
4. Cardiovascular System

« Myocarditis: Inflammation of the heart muscle, often caused by enteroviruses such as
coxsackievirus B.
« Viral Hemorrhagic Fevers: Includes diseases like Ebola and Dengue, which affect

the vascular system and can lead to severe bleeding, organ failure, and death.
5. Urinary System

« BK Virus: Can cause nephropathy in kidney transplant recipients.
« Cytomegalovirus (CMV): Can affect the kidneys and urinary tract, especially in

immunocompromised individuals.
6. Reproductive System

« Human Papillomavirus (HPV): Causes genital warts and is associated with
cervical, anal, and other cancers.
« HIV/AIDS: Affects the immune system but has significant impacts on the reproductive

system, increasing susceptibility to other infections and cancers.
7. Integumentary System (Skin)

« Herpes Simplex Virus (HSV): Causes cold sores (HSV-1) and genital herpes
(HSV-2).
« Varicella-Zoster Virus (VZV): Causes chickenpox and shingles, characterized by

a vesicular rash.
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« Human Papillomavirus (HPV): Leads to warts on different parts of the body,

including the hands, feet, and genitals.
8. Musculoskeletal System

« Chikungunya Virus: Causes severe joint pain, fever, and rash.

« Zika Virus: Can cause joint pain, fever, rash, and has been associated with congenital

abnormalities in newborns.
9. Lymphatic System

« Epstein-Barr Virus (EBV): Causes infectious mononucleosis, leading to swollen
lymph nodes, fever, sore throat, and fatigue.
« Cytomegalovirus (CMV): Can cause mononucleosis-like symptoms and affect the

lymphatic system, especially in immunocompromised individuals.
10. Systemic Infections

« HIV/AIDS: Human Immunodeficiency Virus (HIV) attacks the immune system,
leading to acquired immunodeficiency syndrome (AIDS). It affects multiple body

systems, increasing susceptibility to opportunistic infections and cancers.

« Measles: Caused by the measles virus, leading to a systemic infection with symptoms
like high fever, cough, runny nose, and a characteristic rash.

o Rubella (German Measles): Causes fever and rash and can have severe

consequences during pregnancy, including congenital rubella syndrome.

These viral diseases highlight the extensive range of effects viruses can have on different human
body systems. Early detection, vaccination, and appropriate antiviral treatments are crucial in

managing these infections and preventing their spread.
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COLLECTION OF CLINICAL SAMPLES

Collecting clinical samples involves specific procedures to ensure accuracy, safety, and the

integrity of the samples. Here is a general guide for collecting various types of clinical samples:
1. Blood Samples

« Equipment: Needles, syringes, vacutainer tubes, tourniquet, alcohol swabs, gloves,
bandages.
« Procedure:
1. Wash hands and wear gloves.

. Apply a tourniquet above the collection site (usually the arm).
. Clean the site with an alcohol swab.

. Release the tourniquet once the blood flow begins.

2
3
4. Insert the needle into the vein and collect blood into the vacutainer tube.
5
6. Remove the needle, apply pressure to the site, and bandage.

7

. Label the sample with patient information, date, and time of collection.
2. Urine Samples

« Equipment: Sterile urine collection cup, gloves, antiseptic wipes.

« Procedure:
1. Provide the patient with instructions for midstream clean-catch collection.
2. Wash hands and wear gloves.
3. Clean the genital area with antiseptic wipes.
4. Begin urinating, then collect the midstream urine into the sterile cup.
5

. Cap the cup and label it with patient information, date, and time of collection.

3. Stool Samples
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« Equipment: Stool collection container, gloves, scoop or spatula.

« Procedure:

1. Provide the patient with the container and instructions.

2. Wash hands and wear gloves.

3. Collect the stool sample using the provided scoop.

4. Transfer the sample to the collection container.

5. Secure the lid and label the container with patient information, date, and time of

collection.
4. Throat Swabs

« Equipment: Sterile swabs, transport medium, gloves, tongue depressor.

« Procedure:

1. Wash hands and wear gloves.
. Ask the patient to open their mouth wide.

. Use a tongue depressor to hold down the tongue.

2
3
4. Swab the back of the throat, tonsils, and any inflamed areas.
5. Place the swab into the transport medium.

6

Label the sample with patient information, date, and time of collection.
5. Nasopharyngeal Swabs

« Equipment: Sterile swabs, transport medium, gloves, mask.

« Procedure:

1. Wash hands, wear gloves, and a mask.
. Tilt the patient’s head back slightly.

Insert the swab gently into one nostril, reaching the nasopharynx.

2

3

4. Rotate the swab and leave it in place for a few seconds.
5. Remove the swab and place it into the transport medium.
6

Label the sample with patient information, date, and time of collection.
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6. Sputum Samples

« Equipment: Sterile sputum collection container, gloves.
« Procedure:
1. Wash hands and wear gloves.
2. Ask the patient to cough deeply to produce sputum from the lungs.
3. Collect the sputum directly into the sterile container.
4. Cap the container and label it with patient information, date, and time of
collection.

7. Wound Swabs

« Equipment: Sterile swabs, transport medium, gloves.
o Procedure:

1. Wash hands and wear gloves.

2. Clean the wound area if necessary.

3. Swab the wound site, focusing on the exudate and edges.
4. Place the swab into the transport medium.
5

. Label the sample with patient information, date, and time of collection.

8. Cerebrospinal Fluid (CSF) Samples

« Equipment: Sterile lumbar puncture Kit, collection tubes, gloves, antiseptic solution.

« Procedure (Performed by a trained healthcare professional):
1. Wash hands and wear gloves.
2. Position the patient and clean the puncture site with antiseptic solution.
3. Insert the lumbar puncture needle between the vertebrae into the subarachnoid
space.
4. Collect CSF into sterile tubes.
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5. Remove the needle, apply a bandage, and label the tubes with patient information,

date, and time of collection.
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TRANSPORT OF CLINICAL SAMPLES TO LABORATORY

Transporting clinical samples to the laboratory requires careful handling to ensure the integrity
of the samples and the safety of those involved. Here are the general steps and guidelines for

transporting clinical samples:

General Guidelines

1. Labeling: Ensure all samples are clearly labeled with the patient’s information, date,
and time of collection.

2. Documentation: Complete all necessary documentation, including requisition forms,
and ensure they accompany the samples.

3. Packaging: Use appropriate containers and packaging to prevent leakage,
contamination, and damage during transport.

4. Temperature Control: Maintain the required temperature for each type of sample
(e.q., refrigeration, freezing).

5. Biohazard Safety: Follow biohazard safety protocols, including using appropriate
personal protective equipment (PPE) and marking containers with biohazard labels if

needed.

Specific Transport Guidelines by Sample Type
1. Blood Samples

« Container: Use vacutainer tubes or syringes as appropriate.

« Packaging: Place tubes in a padded holder or a biohazard bag with absorbent material
to contain leaks.

o Temperature: Some blood samples may need refrigeration (2-8°C), while others can

be transported at room temperature.
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Transport: Use a cooler or insulated container if refrigeration is required.

2. Urine Samples

Container: Use sterile urine collection cups with secure lids.
Packaging: Place the cups in a biohazard bag with absorbent material.

Temperature: Typically, urine samples should be refrigerated if not processed within
2 hours.

Transport: Use a cooler or insulated container for refrigeration.

3. Stool Samples

Container: Use a sterile stool collection container with a tight lid.
Packaging: Place the container in a biohazard bag with absorbent material.

Temperature: Some stool samples require refrigeration, while others need to be kept
at room temperature.

Transport: Follow specific instructions for temperature maintenance.

4. Throat and Nasopharyngeal Swabs

Container: Use sterile swabs placed in transport medium.
Packaging: Place the swabs in a biohazard bag with absorbent material.
Temperature: Usually refrigerated (2-8°C).

Transport: Use a cooler or insulated container.

5. Sputum Samples

Container: Use sterile sputum collection containers.

Packaging: Place the container in a biohazard bag with absorbent material.
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« Temperature: Usually refrigerated.

« Transport: Use a cooler or insulated container.
6. Wound Swabs

« Container: Use sterile swabs placed in transport medium.
« Packaging: Place the swabs in a biohazard bag with absorbent material.
« Temperature: Usually refrigerated.

o Transport: Use a cooler or insulated container.
7. Cerebrospinal Fluid (CSF) Samples

« Container: Use sterile tubes.

« Packaging: Place the tubes in a secure holder or a biohazard bag with absorbent
material.

o Temperature: Typically room temperature unless otherwise specified.

o Transport: Transport immediately to the laboratory.
Safety and Compliance

1. Training: Ensure that all personnel involved in the collection, packaging, and transport
of samples are adequately trained.

2. Regulations: Comply with local, national, and international regulations regarding the
transport of biological specimens (e.g., IATA, OSHA).

3. Tracking: Use a tracking system to monitor the transport of samples and ensure they

reach the laboratory promptly.

Transport Methods
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« Courier Services: Use specialized medical courier services that are equipped to
handle clinical samples.

« In-House Transport: For facilities with in-house transport, ensure that vehicles are
equipped with coolers or refrigeration units as needed.

« Mailing: For long-distance transport, use approved mailing containers that comply with

regulations for shipping biological materials.

By following these guidelines, clinical samples can be transported safely and efficiently to the

laboratory, ensuring accurate diagnostic testing and patient care.

DEPARTMENT OF UG MICROBIOLOGY




MB — 7/A: MANAGEMENT OF HUMAN MICROBIAL
DISEASES AND DIAGNOSIS

GRAMS STAINING

Gram staining is a fundamental technique in microbiology used to differentiate bacterial species
into two groups based on the structural differences in their cell walls: Gram-positive and Gram-

negative. Here is a step-by-step guide to the Gram staining procedure:
Materials Needed

o Bacterial culture

e Clean glass slides

« Inoculating loop or needle

e Bunsen burner or alcohol lamp

e Crystal violet stain (primary stain)

e lodine solution (mordant)

e 95% Ethanol or acetone (decolorizer)
« Safranin or fuchsine (counterstain)

e Distilled water

e Staining rack

e Microscope

Procedure
1. Preparation of the Smear

1. Clean the Slide: Use soap and water or alcohol to clean a glass slide, and allow it to
air dry.

2. Label the Slide: Mark the slide with the sample identification using a permanent
marker.

3. Apply Bacterial Sample:
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o Ifusing a solid culture: Place a small drop of distilled water on the slide. Using a
sterile inoculating loop, pick a small amount of bacterial colony and mix it with
the water to create a thin smear.

o If using a liquid culture: Using a sterile loop, place a drop of the liquid culture
directly on the slide and spread it to form a thin smear.

4. Air Dry: Allow the smear to air dry completely.
5. Heat Fixation: Pass the slide (smear side up) through the flame of a Bunsen burner 3-

4 times to fix the bacteria to the slide. Avoid overheating.
2. Staining Process

1. Crystal Violet Staining (Primary Stain):
o Cover the smear with crystal violet stain and let it sit for 1 minute.
o Rinse the slide gently with distilled water for a few seconds to remove excess
stain.
2. lodine Treatment (Mordant):
o Cover the smear with iodine solution and let it sit for 1 minute.
o Rinse the slide gently with distilled water.
3. Decolorization:
o Hold the slide at a slight angle and apply 95% ethanol or acetone drop by drop
until the runoff is clear (about 10-20 seconds).
o Rinse immediately with distilled water to stop the decolorization process.
4. Counterstaining:
o Cover the smear with safranin or fuchsine and let it sit for 1-2 minutes.

o Rinse the slide gently with distilled water.
3. Drying and Microscopy

1. Blot Dry: Gently blot the slide dry with bibulous paper or allow it to air dry.
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2. Examine: Place the slide on the microscope stage, add a drop of immersion oil if using

an oil immersion lens, and examine under the microscope.
Interpretation

« Gram-Positive Bacteria: Appear purple or blue due to the retention of the crystal
violet-iodine complex in their thick peptidoglycan layer.

« Gram-Negative Bacteria: Appear red or pink due to the uptake of the counterstain
(safranin or fuchsine) after the crystal violet-iodine complex is washed out by the

decolorizer from their thin peptidoglycan layer and outer membrane.

By following these steps, you can perform Gram staining accurately and distinguish between

Gram-positive and Gram-negative bacteria.
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ZIEHL NEELSON STAINING FOR TUBERCULOSIS

The Ziehl-Neelsen (ZN) staining technique is used to detect acid-fast bacilli, particularly
Mycobacterium tuberculosis, the causative agent of tuberculosis (TB). This staining method
highlights the acid-fast properties of the bacteria, allowing them to be visualized under a

microscope. Here is a step-by-step guide to the Ziehl-Neelsen staining procedure:
Materials Needed

o Bacterial culture or patient sample (sputum, tissue, etc.)

e Clean glass slides

« Inoculating loop or needle

e Bunsen burner or alcohol lamp

e Carbol fuchsin stain (primary stain)

o Acid-alcohol (decolorizer, typically 3% hydrochloric acid in 95% ethanol)
e Methylene blue or malachite green (counterstain)

e Distilled water

e Staining rack

e Microscope

Procedure
1. Preparation of the Smear

1. Clean the Slide: Use soap and water or alcohol to clean a glass slide, and allow it to
air dry.

2. Label the Slide: Mark the slide with the sample identification using a permanent
marker.

3. Apply Bacterial Sample:
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o Ifusing a solid culture: Place a small drop of distilled water on the slide. Using a
sterile inoculating loop, pick a small amount of bacterial colony and mix it with
the water to create a thin smear.

o If using a patient sample (e.g., sputum): Using a sterile loop or applicator stick,
spread a small amount of the sample onto the slide to form a thin smear.

4. Air Dry: Allow the smear to air dry completely.
5. Heat Fixation: Pass the slide (smear side up) through the flame of a Bunsen burner 3-

4 times to fix the bacteria to the slide. Avoid overheating.
2. Staining Process

1. Carbol Fuchsin Staining (Primary Stain):

o Place the slide on a staining rack.

o Cover the smear with carbol fuchsin stain.

o Heat the slide gently by passing a flame underneath or using a heating plate until
steam rises. Do not boil or overheat. Keep the slide steaming for 5 minutes by
intermittently heating it.

o Add more carbol fuchsin if it begins to dry out.

o Allow the slide to cool for a few minutes.

o Rinse the slide gently with distilled water to remove excess stain.

2. Decolorization:

o Hold the slide at a slight angle and apply acid-alcohol drop by drop until the
runoff is clear (about 1-2 minutes).

o Rinse immediately with distilled water to stop the decolorization process.

3. Counterstaining:

o Cover the smear with methylene blue or malachite green and let it sit for 1-2

minutes.

o Rinse the slide gently with distilled water.
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3. Drying and Microscopy

1. Blot Dry: Gently blot the slide dry with bibulous paper or allow it to air dry.

2. Examine: Place the slide on the microscope stage, add a drop of immersion oil if using

an oil immersion lens, and examine under the microscope.
Interpretation

« Acid-Fast Bacilli (AFB): Appear red or pink due to the retention of the carbol

fuchsin stain, which is not removed by the acid-alcohol decolorizer. Mycobacterium

tuberculosis will appear as slender, red rods.
« Non-Acid-Fast Cells: Appear blue or green depending on the counterstain used, as

they take up the counterstain after decolorization.

By following these steps, you can perform Ziehl-Neelsen staining accurately and identify

Mycobacterium tuberculosis and other acid-fast bacilli.
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SEROLOGICAL METHODS

Serological methods are laboratory techniques used to detect and measure antibodies or antigens

in blood and other bodily fluids. These methods are crucial for diagnosing infections, monitoring

immune responses, and conducting epidemiological surveys. Here are some commonly used

serological methods:

1. Enzyme-Linked Immunosorbent Assay (ELISA)

Principle: Uses antibodies linked to an enzyme to detect specific antigens or
antibodies. A color change occurs when a substrate is added, indicating the presence of
the target molecule.
Types:

o Direct ELISA: Detects antigens directly.

o Indirect ELISA: Detects antibodies against an antigen.

o Sandwich ELISA: Captures the antigen between two layers of antibodies.

o Competitive ELISA: Measures the amount of antigen or antibody by its ability to

compete with a labeled version.

Applications: Diagnosis of infections (e.g., HIV, hepatitis), allergy testing, hormone

level measurement.

2. Radioimmunoassay (RIA)

Principle: Uses radioactively labeled substances to detect the presence of antigens or
antibodies. The radioactivity of the sample is measured to quantify the target molecule.
Applications: Measurement of hormone levels, detection of drugs in blood, diagnosis

of viral infections.

3. Immunofluorescence Assay (IFA)
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« Principle: Uses fluorescently labeled antibodies to detect antigens in a sample. The
fluorescence is observed under a microscope.
o Types:
o Direct IFA: Fluorescent antibody binds directly to the target antigen.
o Indirect IFA: Uses an unlabeled primary antibody followed by a fluorescently
labeled secondary antibody.

« Applications: Detection of viral and bacterial infections, autoimmune diseases.
4. Western Blotting

« Principle: Proteins are separated by gel electrophoresis, transferred to a membrane, and
detected using specific antibodies. The presence of the target protein is indicated by a
labeled secondary antibody.

« Applications: Confirmation of HIV infection, detection of specific proteins in

research.
5. Latex Agglutination Test

« Principle: Latex beads coated with antibodies or antigens agglutinate (clump together)
in the presence of the corresponding antigen or antibody.
« Applications: Rapid diagnosis of infections (e.g., streptococcal infections,

cryptococcal meningitis), blood typing.
6. Hemagglutination Inhibition Assay (HIA)

« Principle: Measures the ability of antibodies to prevent the agglutination of red blood
cells by a virus. Lack of hemagglutination indicates the presence of specific antibodies.

« Applications: Detection of antibodies against influenza, rubella, and other viruses.
7. Complement Fixation Test (CFT)
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« Principle: Measures the ability of antibodies to fix complement in the presence of
antigen. The consumption of complement indicates a positive reaction.

« Applications: Diagnosis of certain infections (e.g., syphilis, fungal infections).
8. Neutralization Assay

« Principle: Measures the ability of antibodies to neutralize the infectivity of a virus or
the activity of a toxin.
« Applications: Assessment of immunity to viruses, determination of antibody titers in

vaccine studies.
9. Immunochromatographic Test (ICT)

« Principle: Uses antibodies immobilized on a chromatographic strip to detect the
presence of antigens or antibodies. Results are visualized as colored lines on the strip.

« Applications: Rapid diagnostic tests (e.g., pregnancy tests, malaria tests, COVID-19
rapid tests).

10. Flow Cytometry

« Principle: Uses fluorescently labeled antibodies to detect and measure multiple
properties of cells in a fluid stream as they pass through a laser.
« Applications: Immunophenotyping, detection of specific cell populations, analysis of

cell surface markers.

By utilizing these serological methods, healthcare professionals and researchers can diagnose

diseases, monitor immune responses, and conduct epidemiological studies effectively.
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DIAGNOSIS OF TYPHOID

yphoid fever, caused by the bacterium Salmonella enterica serotype Typhi (commonly referred
to as Salmonella Typhi), is a significant health concern, particularly in regions with inadequate
sanitation. Accurate and timely diagnosis is crucial for effective treatment and control of the
disease. Here are the key methods used in the diagnosis of typhoid fever:

1. Blood Culture

o Description: Blood culture is considered the gold standard for diagnosing typhoid fever,
especially during the first week of illness.
e Procedure:
o Blood is collected aseptically and inoculated into culture media.
o The sample is incubated and monitored for bacterial growth.
o Positive cultures are further tested to confirm the presence of Salmonella Typhi.
e Advantages: High specificity, particularly useful in the early stages of the disease.
o Limitations: Sensitivity decreases after the first week of infection, requires specialized

laboratory facilities and skilled personnel, and results take 2-5 days.

2. Bone Marrow Culture

o Description: Bone marrow culture is highly sensitive and considered more reliable than
blood culture, especially in chronic cases or after antibiotic use.
e Procedure:
o Bone marrow is aspirated and inoculated into culture media.
o Similar to blood culture, the sample is incubated and monitored for bacterial
growth.
e Advantages: Higher sensitivity than blood culture, even in patients who have received
antibiotics.

o Limitations: Invasive procedure, requires specialized skills and facilities.
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3. Stool and Urine Culture

o Description: Culturing stool and urine samples can detect Salmonella Typhi and is useful
for diagnosing carriers.
e Procedure:
o Stool and urine samples are collected and inoculated into selective culture media.
o Samples are incubated and monitored for bacterial growth.
o Advantages: Useful for identifying carriers and in later stages of the disease.
o Limitations: Lower sensitivity compared to blood and bone marrow cultures, especially

in the early stages of infection.
4. Serological Tests

o Widal Test:

o Description: The Widal test measures agglutinating antibodies against
Salmonella antigens O (somatic) and H (flagellar).

o Procedure: Patient serum is mixed with antigen suspensions, and agglutination is
observed.

o Advantages: Simple, widely available.

o Limitations: Variable sensitivity and specificity, cross-reactivity with other
infections, requires paired samples (acute and convalescent) to confirm rising
antibody titers.

e Typhidot Test:

o Description: Detects IgM and IgG antibodies against Salmonella Typhi.

o Procedure: Rapid immunoassay using a patient's blood sample.

o Advantages: Quick results, non-invasive, better sensitivity and specificity
compared to the Widal test.

o Limitations: Limited availability, potential for false positives.

e Tubex TF Test:

o Description: Rapid test detecting anti-Salmonella antibodies in patient serum.
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o Procedure: Uses a competitive immunoassay technique.
o Advantages: Quick results, easy to perform.
o Limitations: Variable sensitivity and specificity, not widely available.

5. Molecular Methods

e Polymerase Chain Reaction (PCR):
o Description: Detects Salmonella Typhi DNA in blood, stool, or other body fluids.

o Procedure: Sample DNA is amplified using specific primers for Salmonella
Typhi.

o Advantages: High sensitivity and specificity, rapid results.

o Limitations: Requires specialized equipment and expertise, higher cost.

6. Other Diagnostic Methods

e Complete Blood Count (CBC):
o Description: Assesses the overall health and detects various disorders including

infection.
o Findings in Typhoid Fever: Leukopenia (low white blood cell count), anemia,

and thrombocytopenia (low platelet count) can be indicative but are non-specific.

e Liver Function Tests:
o Description: Measures levels of liver enzymes and bilirubin.
o Findings in Typhoid Fever: Elevated liver enzymes (ALT, AST) can occur but

are non-specific.
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DETERMINATION OF MINIMAL INHIBITORY
CONCENTRATION OF AN ANTIBIOTIC BY SERIAL DOUBLE
DILUTION METHOD

Determining the minimal inhibitory concentration (MIC) of an antibiotic involves measuring the
lowest concentration that inhibits the visible growth of a microorganism. The serial double
dilution method is a common approach for this determination. Here is a step-by-step guide to
performing this method:

Materials Needed

o Antibiotic to be tested (stock solution)

o Bacterial culture (overnight culture adjusted to a specific turbidity, often 0.5 McFarland
standard)

o Sterile broth medium (e.g., Mueller-Hinton broth)

o Sterile 96-well microtiter plates or test tubes

e Micropipettes and sterile tips

« Sterile saline or broth for dilution

e Incubator set at appropriate temperature (usually 35-37°C)

o Positive control (bacteria without antibiotic)

o Negative control (broth without bacteria)

e Optional: Microplate reader for automated reading

Procedure

1. Preparation of Antibiotic Stock Solution

1. Determine Stock Concentration: Prepare a high concentration stock solution of the
antibiotic.

2. Sterilize: Ensure the stock solution is sterile by filtration or other appropriate methods.

DEPARTMENT OF UG MICROBIOLOGY




MB — 7/A: MANAGEMENT OF HUMAN MICROBIAL
DISEASES AND DIAGNOSIS

2. Preparation of Serial Double Dilutions

1. Label Wells or Tubes: Label the microtiter plate wells or test tubes for each antibiotic
concentration and controls.

2. Dispense Broth: Add a fixed volume (e.g., 100 uL) of sterile broth to each well or tube.

3. Serial Dilution of Antibiotic

1. Initial Dilution: Add a fixed volume (e.g., 100 pL) of the antibiotic stock solution to the
first well or tube.
2. Subsequent Dilutions:
o Transfer a fixed volume (e.g., 100 pL) from the first well to the next well to
perform a 1:2 dilution.
o Mix thoroughly and transfer the same volume to the next well.

o Repeat this process across all wells or tubes to create a series of double dilutions.

4. Inoculation with Bacterial Culture

1. Prepare Inoculum: Adjust the bacterial overnight culture to match the 0.5 McFarland
standard (approximately 1-2 x 10"8 CFU/mL).
2. Dilute Inoculum: Further dilute the adjusted culture in broth to achieve the desired
inoculum concentration (e.g., 5 x 105 CFU/mL).
3. Inoculate Wells/Tubes:
o Add a fixed volume (e.g., 100 pL) of the diluted bacterial inoculum to each well
or tube containing the antibiotic dilutions.
o This will result in a final inoculum of about 5 x 105 CFU/mL and a two-fold

dilution of the antibiotic.

5. Controls

1. Positive Control: Include wells or tubes with broth and bacterial inoculum but no
antibiotic.
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2. Negative Control: Include wells or tubes with broth and antibiotic but no bacterial

inoculum.

6. Incubation

1. Incubate: Incubate the microtiter plate or test tubes at 35-37°C for 16-20 hours

(overnight).

7. Reading Results

1. Inspect for Growth: Examine the wells or tubes for visible bacterial growth (turbidity).
2. Determine MIC: The MIC is the lowest concentration of the antibiotic at which no

visible growth is observed.
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DRUG RESISTANCE IN BACTERIA

Drug resistance in bacteria is a major public health challenge that complicates the treatment of
bacterial infections. This phenomenon occurs when bacteria evolve mechanisms to withstand the
effects of antibiotics that would normally kill them or inhibit their growth. Here’s an overview of

the mechanisms, causes, implications, and strategies to combat drug resistance in bacteria.
Mechanisms of Drug Resistance

1. Enzymatic Degradation or Modification:

o Bacteria produce enzymes that inactivate the antibiotic. For example, -

lactamases break down f-lactam antibiotics like penicillins and cephalosporins.
2. Alteration of Target Sites:

o Mutations in bacterial proteins that antibiotics target can reduce the drug’s
binding affinity. For example, changes in the penicillin-binding proteins (PBPs)
reduce the efficacy of B-lactam antibiotics.

3. Efflux Pumps:

o Bacteria can expel antibiotics out of their cells using efflux pumps. For instance,
the AcrAB-TolC efflux system in Escherichia coli pumps out a variety of
antibiotics, including tetracyclines and fluoroquinolones.

4. Reduced Permeability:

o Changes in the bacterial cell wall or membrane can decrease antibiotic uptake.
Gram-negative bacteria, for instance, can modify their outer membrane porins to
prevent antibiotic entry.

5. Bypass Pathways:

o Bacteria can develop alternative biochemical pathways that circumvent the

antibiotic's action. For example, some bacteria can obtain folic acid from the

environment instead of synthesizing it, bypassing the target of sulfonamides.

Causes of Drug Resistance
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1. Overuse and Misuse of Antibiotics:

o Excessive and inappropriate use of antibiotics in humans, animals, and agriculture
accelerates the development of resistance. This includes using antibiotics for viral
infections, incomplete courses of treatment, and over-the-counter availability
without prescriptions.

2. Poor Infection Control Practices:

o Inadequate infection control measures in healthcare settings can lead to the spread

of resistant bacteria.
3. Global Travel and Trade:

o The movement of people, animals, and goods across borders can facilitate the

spread of resistant bacteria.
4. Lack of New Antibiotics:
o There has been a significant decline in the development of new antibiotics,

reducing the options available to treat resistant infections.
Implications of Drug Resistance

1. Increased Mortality and Morbidity:
o Drug-resistant infections are harder to treat, often leading to prolonged illness,
higher healthcare costs, and increased mortality.
2. Limited Treatment Options:
o Resistance can render standard treatments ineffective, requiring the use of more
toxic, less effective, or more expensive alternatives.
3. Economic Burden:
o The treatment of drug-resistant infections is more costly due to longer hospital

stays, the need for more intensive care, and the use of more expensive drugs.
Combating Drug Resistance

1. Antibiotic Stewardship:
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o Implementing programs that promote the appropriate use of antibiotics, including

guidelines for prescribing and monitoring antibiotic use in healthcare settings.
2. Infection Prevention and Control:

o Enhancing infection control measures in healthcare facilities, such as hand
hygiene, sterilization procedures, and isolation of patients with resistant
infections.

3. Surveillance and Monitoring:

o Establishing systems to track antibiotic resistance patterns and antibiotic use to

inform treatment guidelines and public health interventions.
4. Research and Development:

o Investing in the development of new antibiotics, alternative therapies (such as
bacteriophages and antimicrobial peptides), and rapid diagnostic tools to detect
resistant infections.

5. Public Education and Awareness:

o Educating the public about the proper use of antibiotics and the dangers of misuse

to reduce demand for unnecessary antibiotics.
6. Global Collaboration:

o Coordinating international efforts to tackle antibiotic resistance through

organizations such as the World Health Organization (WHO) and the Centers for

Disease Control and Prevention (CDC).

Conclusion

Addressing drug resistance in bacteria requires a multifaceted approach involving healthcare
professionals, researchers, policymakers, and the public. By promoting responsible antibiotic
use, improving infection control practices, and investing in new treatments, we can mitigate the
impact of antibiotic resistance and safeguard the effectiveness of existing antibiotics for future

generations.
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