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Dedication
This book is dedicated to ...

The book is dedicated to all medical students in various colleges dedicated their effort on good
preparations with their primary goal being saving human lives.



Preface.

Microbiology has often been regarded by many students as a difficult and
confusing subject. This is usually due to the vast number of dissaseng
microorganisms, which are grouped into five majategmries, each with long
and complex scientific names. In summary, all subjects in a medical course
require courage and great effort to study. This not only leads to success in
examinations but also produces a strong and competent doctor once the
student gaduates.

This book is designed to teach students through simplified methods that are easy to
understand and make the subject enjoyable. It also coB@insultiple-choice questions
(MCQs) with answersand200 short essay questions with answers

Furthernore, the language used is simple, enabling students not only to understand but also to
easily remember all the essential concepts. There is no need to use complicated British
English for a medical student in a rural Tanzanian village such as IsakalyamBaléadd
otherwise, they may not understand.

Key principles have been considered in writing this book to ensure that medical students
grasp and master this subject effectively.

Welcome to your learning journey.
Yours sincerely,

Dr. George Lukindo
2025
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Definition.

Clinical microbiology is a branch of medical science which is concerned with
prevention, diagnosis, and treatment of infectious diseasesldtwidéathe study of
micro-organisms such as bacteria, fungi, parasites and viruses which cause human
diseases. The term microorganisms refer to small living organisms which are not
visible to our naked eye hence it can only be seen under microscopeaifieged of
these microorganisms is small, estimated to be less than 1mm. In clinical
microbiology we also study the methods used to isolate, identify and characterize
these microorganisms.

Scope of Clinical Microbiology.

The main theme of diving to thisteresting field is to capture
the following brilliantly.

1.

Etiologic Diagnosis of Infections
Identification of causative agents from clinical specimens. Example of these specimen
from human are Blood, urine, sputum, vaginal swab and many others.

. Antimicrobia | Susceptibility Testing (AST)

This is the kind of Test which determines, which antibiotics are effective against the
isolated diseases causing bacteria. The term pathogen means disease causing
microorganism.

Epidemiological Studies

Tracks the spread angdadution of infectious diseases and outbreaks.

Infection Control and Public Health

Implements practices in healthcare to prevent nosocomial infections.Nasocomial
means hospital acquired infections.

Research and Development

From studying the various micraganisms various discoveries can be archived which
play vital role on the wellbeing of human lives such as

-Development of vaccines
-Introducing new diagnostic Tools.

-Bringing out new antimicrobial agents. Discovery of various drugs used to kill these
varous microorganism such antibiotics, antifungal, antiviral and@otozoa.

Importance of Clinical Microbiology.

C



It guides us on choosing proper antimicrobial therapy.

It prevents the misuse of antibiotics and there for reduces the chance for drug
resisance to occur.

It enable us to effectively archive infection control, through planning and set up
concrete measures to wipe off the infections.

It supports us on early detections of diseases outbreak, via diseases surveillance.
Disease surveillances theongoing, systematic collection, analysis, interpretation,
and dissemination of health datpecifically related to diseéswsorder to

monitor, prevent, and control the spread of illnesses

A It aids in public health decisiemaking.

> > >

History and Milestonesin Microbiology.

History and Milestones of Microbiology.

A The story of tracking and making the sources of diseases known went far off back
during the biblical and ancient Texn the bible diseases are mentioned and
isolation of lepers. This brought foraa concept of early recognition of contagious
diseases, despite the fact that during this time the source of disease were regarded
to be supernatural.

A The father of medicine, Hypocrates,a genius Greek Physician who lived-in 460
370 BC proposed that diseashad natural rather than supernatural causes. During
this time microscopy was yet inverted and therefore studying was via
observations.

A Varro the person who lived in the first century BC, suggested that diseases could
be caused by invisible creaturesgmet in air or water. This was a rudimentary
form of germ Theory. What is a theory? A theory is an idea used to explain a
certain fact.

The Microscope Era.

A In 1590 Zacharias Jansen a scientist in the province of Zeeland now Netherland
invented the firstcompound microscope, an invention which brought forth a wide
scope of microorganisms.

A In 1665 Robert Hooke a scientist in England took a study sliced tiny tree part under
microscope and discovered tiny box like structures. He called these structures Cells,
because they reminded him of small rooms (Cells) in a monastery although he was not
a monk living in monastery. Robert Hooke was basically a physicist, natural
philosopher and microscopist.

During this discovery Sir Robert Hooke was actually observingehevall of dead
plant cells. This is where the first time the term cell was introduced in biological
context, a major milestone in the history of cells.

A In 1674 Antonie Van Leeuwenhoek a scientist in Delft city, Netherland was the first
person to obsge and explain the singleelled organism which he called
66ani mal cul es606. He archived this because
lenses through he could observe the protozoa from the pond, an organism like amoeba
or paramecium. He later obsed bacteria, sperm cells, blood cells and other more.



Antonie Van Leeuwenhoek is considered as the father of microbiology because he
was the first person to observe and describe stgjled organisms.
GERM THEORY AND THE GOLDEN AGE OF MICROBIOLOGY.(19 ™ Century)

During this time many scientific discovery well advanced and which played a key role on
saving the lives of human and the wellbeing in general were archived. The termis from this
fact termed as golden, and even Today we are still applying thesess.

A In 1796Edward Jenner in England observed a milkmaid who had caught cowpox but
did not develop small pox a deadly viral disease. Jenner was a kind of scientist with a
good reasoning and courageous to apply what he intended to. It is from thiismfact
from his observation he extracted materi a
and inoculated it into an 8 years old boy named James Philip. He later exposed the
boy to smallpox and the boy did not get small pox proving the boy developed a kind
of special immunity toward the cowpox. Edward Jenner is known as the Father of
immunology because he was the first person to successfully develop vaccine, small
pox vaccines in 1796.This was the first scientific vaccination and it led to the
development offte modern vaccine.

His work eventually led to eradication of small pox the first human disease to be
wiped out globally through vaccination and was declared eradicated by WHO in
1980.

A In 18381839 Shleiden and Shwann in Germany proposed the cell Thebhyid

things are made up of cells.

Their work led to our modern cell Theory which states

-A cell is a basic unit of life.(Why? Because all life activities named metabolism take
place inside the cell at specific sites known as cell organelle. The gatieie is a

minute structure in the cell with specific function.)

-All living organisms are made up of cells, those with a single cell is called unicellular
while those with many cells are called multicellular.

-Cells originate from prexisting cells though a process known as cell division.

A 185718761 Louis Pasteur. A scientist from France made his groundbreaking work
in microbiology, medicine and chemistry.

Louis Pasteur, from France, is considered one of the most important scientists in history
becaus of his groundbreaking work microbiology, medicine andchemistry.

A Germ Theory of Disease
-He proved that microorganisms cause diseases, his ideas changed how people
understood infections. People used to believe in spontaneous generation, that disease
causing microorganisms appeared out of nowhere. Pasteur disproved this with his
experiment using a broth, meat stew rich in nutrients in a-swek flask. He boiled
the stew to kill the germs in it and open the flask to let the air. The flask was designe
in the way that it trapped the air and bacteria from entering the flask, leaving the stew
sterilized and the stew. The stew did not decay proving that there was no action of
microbes in it.

But when he opened the flask allowing air and microbes to #r@diask leaving the
flask open the stew became cloudy with microorganism growth in it meaning it
started to undergo decomposition (Decay).



Swan necliflask used by Louis Pasteur.

A Pasteurizations.
He developed a method called pasteurization, where liquid like milk and wine are
heated gently together to kill harmful microbes without changing the taste. This
method $ still used today worldwide to make food safe from microorganisms.

A Vaccines.
Louis Pasteur created the first vaccines for Rabies, Anthrax and chicken cholera. His
laid the foundation for modern immunology.

A Sterilization in Medicine.
His discoveries helpegtvolutionize surgery and hospital hygiene leading to the use
of antiseptics to prevent infections.

A In 1867 Joseph Lister a British surgeon and pioneer of antiseptic applied antiseptic
technique during surgery using carbolic acid.(Phenol).

A In 1876 RoberKoch a Germany scientist archived the followings
-ldentified Bacillus anthracis as the cause of anthrax.
-Devel oped Kochoés postulates to | ink with
-He discovered causative agents of tuberculosis, Mycobacterium tuberculosis, and
choleaa, Vibro cholera.

If you are a Tanzanian medical student can you believe The great Robert Koch stayed
in Dar es salaam in 19057?.He lived in the building at what is now Ocean cancer
hospital. This was during his trip back from India and he camped at Roedah It

was during this time when he conducted a very important research on
Trypanosomiasis or simply sleeping sickness (Malale in Swahili).During this time
Tanzania was the part of Germany East Africa colonies. His research was of clinical
significanceas exposed out the role of tsetse fly.(Ndorobo in Swahili) as a vector,
enabling transmissions.

A 18841 Hans Christian Gram: A Danish Bacteriologist and pharmacologist,
Developed the Gram staining technique. Staining is Technique of colorizing the
cytosol d microorganism so as to increase its visibility under microscope. His
technique Gram staining differentiate bacteria into two major groups.

-Grampositive, the bacteria appear purple in color under microscope.
-Grami negative appear pink or red under ragropic visualization.

This distinction is based on the structure of the bacterial cell wall and is crucial for diagnosis,
treatment decisions, and microbiological research.

Hans Christian Grama died on November 14 1938 in Copenhagen Denmark at th8sage of
years.



Hans Gram

Raobert Koch

Modern Microbiology and Beyond

A
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1928i Alexander Fleming Discoveredenicillin from Penicillium notatumthe first
true antibiotic. In 1940 antibiotics took a wide spread use. It was during this time
1940 when an electronic mascope for visualizing viruses was developed.

19531 Watson & Crick : Described the double helix structure of DNA, essential
for molecular biology.

19771 Carl Woese Proposed thtéhree-domain systemBacteria, Archaea, Eukarya
using 16S rRNA sequengn

19801 Smallpox declared eradicatedby the WHO.

19831 Discovery of HIV by Luc Montagnier and Robert Gallo.

199571 First bacterial genome sequencetly studying a virusiaemophilus
influenzae

21st Century.

Emergence ometagenomics CRISPR-Cas9 antimicrobial resistance

bioterrorism concerns, andpandemics for example COVID19.

DO WE HAVE BLACK SCIENTISTS WHO CONTRIBUTED TO THE MODERN
MICROBIOLOGY ERA? THE ANSWER IS ABSOLUTELY YES.

Dr. William A. Hinton (18831 1959)

1
f

Field: Bacteriology, Public Health
Contributions:
o Developed a highly accurate diagnostic tessigohilis (the Hinton test).
o First African American professor at Harvard Medical School.
o Made major contributions idlinical diagnosticsandpublic health
microbiology.



Dr. Ruth Ella Moore (1903 1994)

1 Field: Bacteriology
T Contributions:
o First African American woman to earn a Ph.D. in a natural science
(microbiology).
o Studiedtuberculosis, blood types andgut bacteria.
o Conducted early research on the composition of gut flora and how bacteria
interact with the human body.

Dr. Harold Amos (1918 2003)

T Field: Microbiology and Molecular Biology
1 Contributions:
o Pioneered research gene regulation in bacteria
o First African American to chair a department at Harvard Medical School.
o His work laid groundwork for understandingvinbacteria adaptand survive
in different environments.

Dr. James Hildreth

1 Field: Immunology, Virology, HIV Research
T Contributions:
o Discovered how HIV uses cholesterol in host membranes to infect cells.
o His insights intoviral entry and immune responseare vital to understanding
hostpathogen interactions.

He was born in1957 Camden, Arkansas, USA,still alive and currently (2025) President and
CEO of Meharry Medical College.May God of our fathers grant him with 120 years like
Moses.

Summary Table of Key Figures and Discoveries

Scientist Contribution Year
Antonie van Leeuwenho First observed microorganisms 1674
Edward Jenner Smallpox vaccination 1796
Louis Pasteur Germ theory, pasteurization 1857 187¢€
Robert Koch Kochdés postul apeesl876 1884
Alexander Fleming Discovered penicillin 1928

Threedomain classification

Carl Woese 1977

CLASSIFICATION OF MICROORGANISMS.

Microorganisms are classified based on various criteria such as



Cellular organizations.

Morphology, meaning the structure of microorganism.

Metabolism studying life activities taking place inside the cells within their
organelles.

Genetically compositionstudying the properties of DNA or RNA of the given
microorganism.

Staining characteristics.

Ecolagical niche as site or position at which the microorganism lives, making its
survival possible.

In clinical microbiology classification is important for diagnosis, treatment, epidemiology
and infection control measures.

> > D> D>

1. Cellular organization.

The term refers to the structural and functional arrangement of cells in living organisms. It
describes how cells are built, what components they contain, and how they function as
individual units or as part of a larger system.

In clinical microbiology, cellular aganization is especially important for classifying
microorganisms and understanding how they cause disease and respond to treatments.

Types of Cellular Organization.

A Prokaryotic cells. These are simple, primitive cells without a true nucleus or
membrane bund organelles. This means that the nucleus and the minute structures in
these cells are poorly developed, they are not complete formed.

The following are the key Features for prokaryotic Cells.

-No nuclear membrane in the prokaryotic cells,DNA is n@ mormal location, it is
found in nucleoid regian

-These cells have no organelles which are bounded or covered by membranes. For
example there is no mitochondria, an organelle that is a site for energy production in
the cell.

-The prokaryotic cells haveslt walls which are composed of peptidoglycan.
Peptidoglycan is also called murenn.Thi is the structure composed by combination of
protein polymers and glycan a sugar containing part.

-The cells produce by a process called binary fission. It is a typertal

reproduction at which a single cell splits into two daughter cells.

Example of microorganisms in this group is all bacteria. Such as E.coli,
Staphylococcus aureus and Archaea.



Cell wall

Capsule

Plasma
membrar

Ribosom
Nucleoid (DNA

Plasmid

Flagellum

A Eukaryotic Cells.
Eukaryotic cells are true cells, the opposite of prokaryBtikaryotic cells are
complex cells with a true nucleus and membiidmaund organelles.
Eukaryotic cells key features are the following
-The DNA is enclosed in a n&@r membrane.
-Presence of membrane bound cell organelles such as mitochondria, Golgi apparatus,
endoplasmic reticulum.
-These cells are larger in size than prokaryotes.
-These cells reproduces by mitosis or meiosis.
Example of microorganisms in this groupare Fungi such Candida albicans,
Protozoa such as plasmodium and Helminthes meaning the worms.

Nucleus

Rough endoplasmic
reticulum

A Acellular Entities.



Acellular means non cellular meaning the named entity is not made up of cells. We
normally refer to the virusein this category, and also the infectious protein called
prions.

The key features of these entities are

-No cytoplasm, nucleus or organelles.

-They cannot carry out metabolic activities by their own usually must be inside the
host cell they can attack éthey are very specific to this.

-To replicate they can only do that while inside the host cell, this is because viruses
have no nucleus which controls all cell activities and therefore they lack information
for protein synthesis. For viruses to repli¢atein simple language to produce they
need protein. So they enter into the host cell so that they can steal the information for
synthesizing protein of their kind and hence make new viruses from here, a process
called transcription.

All viruses belong irthis category, and prions too.

Example of viruses is HIV, Influenza, zika, Chikungunya, hepatitis and many other.

A prion is a type ofnfectious protein that causeseurodegenerative diseasdsy inducing
abnormal folding of specific normal proteins falim the brain. Unlike bacteria, viruses, or
parasitesprions contain no DNA or RNAJ they arepurely proteinaceousandhighly
resistantto standard methods of sterilization. Prions cause diseases in both human and
animals. Prion diseases are also callahImissible Spongiform Encephalopathies.(TSE.).

Characteristics of Prions:

Misfolded forms of a normal protein call@iP, prion protein.
Resistant to heat, radiation, and disinfectants.
Capable of converting normal PrP into the abnormal, diseass
Accumulate in neural tissue, caussmpngiform changesand neurodegenerative
diseases.
In Humans prion causes

> I > D

Here are the main prion diseases in humans and animals:

In Humans:

Disease Key Features
Creutzfeldt-Jakob Disease Rapidly progressie dementia, myoclonus, fatal within
(CJD) months.

Linked to consumption of beef from cattle with BSE

Variant CJD (vCJD) ("mad cow disease").

Gerstmann-Straussler

Scheinker syndrome (GSS) Inherited, slower progression than CJD.

Inherited; insomnia, hallucinations, autonomic
dysfunction.

Found among Fore people of Papua New Guinea,
transmitted through ritualistic cannibalism.

Fatal Familial Insomnia (FFI)

Kuru



Summary Table

Broad Classification Based orCellular Organization
Category Cell Type Example Microorganisms

Prokaryotes No nucleus Bacteria, Archaea (rare in clinical cas
Eukaryotes True nucleu Fungi, Protozoaielminthes

Acellular agents Not cellular Viruses, Prions

2. Major Groups of Clinically Relevant Microorganisms

A. Bacteria (Prokaryotes)

T Unicellular organisms lacking a nucleus.
T Classification Criteria:
o Shape:Cocci, Bacilli, Spirilla, Vibrio
o Gram Stain Reaction: Grampositive, Grarmegative
o Oxygen Requirement:Aerobic, Anaerobic, Fadtative anaerobes
o Spore Formation: Sporeforming (e.g.Clostridiunm), Nornrsporeforming

A. Bacteria.(Prokaryotes.)
Unicellular organisms lacking nucleus.
A Classification Criteria.
-Basing on the shape of bacteria these groups,@ol@¥irio,bacillus.



BACTERIAL SHAPES
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Spirilium Vibrio

-Gram stain reaction, we have Gram Negative and Gram positive.

GRAM- GRAM-
POSITIVE NEGATIVE

Pestidoghoan

meriease

Outer
rwrrbrate

-Accordirg to oxygen requirement we have Anaerobes, Aerobes, facultative.

Aerobes are microorganisms that require oxygen for their growth and survival. Example of
Aerobe is Mycobacterium Tuberculosis. The microorganism that must have oxygen to grow
is called Obigate Aerobes.Fucultative aerobes can grow with or without oxygen nut prefer
oxygen for more efficient energy production. Example is Escherichia coli.

Anaerobesare microorganisms thdd not require oxygerfor growthi and in some cases,
oxygen can kexic to them. Instead of using oxygen for energy production, they rely on
anaerobic respirationor fermentation. Example here is Clostridium botuliun

-Basing on spore formation we have spore forming and spore forming Bacterias.

These bacterias form endospasich are highly resistant. Spores are dominant structures
formed in response to harsh environmental conditions such as heat, desiccation, chemicals and
radiation.Example of these spore forming bacterias are B.anthracis,B,creus,clostidium
tetan,clostidim botulinum,clodium difficile and clostidium perfringens which causes gas
gangrene.

-Basing on the presence of structures which facilitate movement in the bacteria we have Motile
those with flagella and Néfotile the bacterias without flagella.

There are various form of classifying bacterias to be short and precise the following are other
methods.



1. Biochemical Reactions.
o Enzyme testscatalase coagulaseoxidase urease
o Sugar fermentation, gas production, H
o Indole, methyl red, citrate, ¥/ (IMVIiC tests)
2. Antigenic Structure (Serotyping)
o Surface antigens (e.g., O, H, K antigen&ircoli)
o Useful for epidemiology and vaccine development
3. Antibiotic Sensitivity Patterns
o Determined byulture and sensitivity testing
o Important for targeted thgogt
4. Growth Requirements
o Special media (e.g., chocolate agar, MacConkey agar, Loweflsiesen)
o Temperature, CO requirement
5. Pathogenicity and Toxins

T Ability to cause disease (e.g., exotoxins, endotoxins)
T Virulence factors (e.g., capsules, pili, enzymes)

11.Genetic and Molecular Techniques

Polymerase Chain Reaction (PCR)
PCR is a molecular biology taghe used to amplify or simply making copies of a specific
DNA segmentApplications

1 Diagnosing infections (by amplifying pathogen DNA)
1 Cloning, genotyping, and forensic analysis
T Quantitative PCR (qPCR) for measuring gene expression or pathogen load.

T Uselul for slow-growing or unculturable organisms
12.Colony Characteristics(on culture media)
1 Size, shape, color, hemolysis on blood agar, odor.

13. Taxomical classification basing on thianaean systemandBer gey 6 sforMa n u a |
bacteria:

Hierarchy:

Domain (Bacteia, Archaea, Eukarya)
Kingdom

Phylum

Class

Order

Family

Genus

Species

=A =4 =4 =8 -4 -4 -4 4

Example:



1 Escherichia coli

Domain: Bacteria

Phylum: Proteobacteria
Class: Gammaproteobacteria
Order: Enterobacterales
Family: Enterobacteriaceae
GenusEscherichia
Speciescoli.

O O O 0O o oo

B. Viruses (Acellular)

A Consist of nucleic acid (DNA or RNA) and a protein coat.
A Obligate intracellular parasites meaning they can only carry out their
metabolic activities while inside the host cell.
Classification Criteria:

Genetic Material: DNA like Herpes vius or RNA in the influenza.
Enveloped vs. Norenveloped

Capsid Symmetry:lcosahedral, Helical, Complex

Host Tropism: Human, animal, plant, or bacteriophages.Host tropism
refers to thepecificity of a virus for a particular host species, tissue,
or cell type that it can infect.

C. Fungi (Eukaryotes)

> I >

A Can be unicellular such as yeasts or multicellular for example molds.
Classification Criteria:

A Morphology: Yeasts (unicellular), Molds (multicellular), Dimorphic fungi
Reproduction: Sexual or asexual spores

Pathogenicity: Superficial, Cutaneous, Subcutaneous, Systemic mycoses
Examples: Candida albicansAspergillus Cryptococcus

A
A

D. Parasites (Eukaryotes)
Divided intoProtozoaandHelminths:
i. Protozoa:

T Unicellular organisms.
1 Classified basd on locomotion:

The classification is based on the presence of structures which facilitate local motion.
Example of these structures are Flagella,Cillia,Amoeboids.

o Amoeboids: Entamoeba histolytica
o Flagellates:Giardia lamblia Trypanosoma



o Ciliates: Balartidium coli
o Sporozoans (Apicomplexa)PlasmodiumToxoplasma

ii. Helminths:

Helminthes are parasitic worms affecting human and other animals, usually live in intestine
and other tissues.

The general characteristics of Helminths are

T Eukaryotic, multicellular organisms.
Often havecomplex life cycles including intermediate hosts.

1 Cause diseasedigaling nutrients blocking organs ortriggering immune
responses

1 Diagnosed througstool examination blood tests orimaging.

=

Helminthes of Clinical Importance
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Classfication:

-Nematodes are round worni$ie body shape of round worms can be cylindrical, elongated or
unsegmente@Examples

T Ascaris lumbricoideggiant roundworm)
1 Enterobius vermicularigpinworm)
T Wuchereria bancroftfcauses elephantiasis)

-Cestodes arapie worms meaning they flat parasitic worms.

1 Body shape Flat, ribbonlike, segmented.
1 Head (scolex)with suckers/hooks for attachment.
1 Examples

o Taenia saginatgbeef tapeworm)

o Taenia soliun{pork tapeworm)

o Echinococcus granulosus

-Trematodes much known & Flukes.

In parasitology, the wordl f | usksinply the common name for any member of the class
Trematoda. I n other words, when you hear Afl ukeo

1 A parasitic flatworm, phylumPlatyhelminthes, claserematoda.



1 Characteried by deaf- or oval-shaped dorseventrally flattened body.

T Equipped with two suckers, amal sucker for feeding and &entral sucker for
attachment.

T Having anincomplete digestive tract no anus.

1 Most species areermaphroditic meaning they possess hahale and female
reproductive organs in the same individual.

1 Undergo acomplex life cycleusually involving one or more intermediate hosts, often
snails before reaching their definitive vertebrate host.

Example of worms here arkeese.
Schistosoma haematobium

Fasciola hepaticdliver fluke)
Clonorchis sinensis

o O O

(0]

E. Arthropods (Vectors or Ectoparasites)

T Not microorganisms per se but important in transmission of disease.
1 Includemosquitoes, ticks, lice, flegsetc.
T Act as vectors fomalaria, Lyme disease, plague, typhus, etc.

3. Classification Based on Medical Importance

Group Clinical Importance
Pathogenic organisms Cause disease
Opportunistic pathogens Cause disease in immunocompromised individuals
Commensals Normal flora; carbecome pathogenic
Environmental microbes Rarely pathogenic but important in nosocomial infeci

Importance of Classification in Clinical Microbiology

Diagnosis Identifying causative organisms.

Treatment: Guiding antibiotic or antiviral therapy.

Infection Control: Preventing spread in hospital settings.

Epidemiology. Tracking outbreaks and resistance patterns.

Vaccine DevelopmentTargeting specific strainé strain is a population of
microorganisms that descend from a single cell or isolate gewkéically identical or
very closely related.
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As we saw and discussed about microorganisms classification grouping them into
prokaryotic and eukaryotic which all microorganisms of clinical importance fit in these
two groups except the virus which are acellular and diseases causing proteins called
prions

In this part we will a dive into structure and functions of the microbial cells starting with
the prokaryotes.

A.Structure of a prokaryotic cell. (Bacterias).

It has a cell envelope composed of glycocalyx also known as capsule or slime layer. It is
generally a coat of protein that covers the bacteria and it has the following properties.

A Itis composed of polysaccharides or polypeptides, it is a compound maderof suga
part and a chain of protein.

A Its capsule is organized and firmly attached.

A There can be a unorganized and loosely attach layer called Slime layer.

Functions.

A It protects the bacteria from phagocytosis, avoiding it not to be destroyed by
macrophages.

A It helps the bacteria to attach and adhere on the tissue to which it will causes a
disease.

A It helps on forming the biofilmA biofilm is astructured community of
bacterial cells enclosed in a seffroduced polymeric matrixmainly
polysaccharides, protiand DNA that adheres to biological or-bimtogical
surface.

b.Cell Wall.

Thecell wall in bacteria is arigid, protective layer that surrounds the bacterial cell
membrane. It providestructural support, maintains theshape of the cellandprotectsit
from osmotic lysis.Osmotic lysis is the burst of the cell due to excessive water intake.

Composition:

The cell wall of the bacteria is composed of peptidoglycan also known as murein.Itis a
compound made up of sugar and amino acids.The sugar hewmityijlucosamine(NAG)
and Nacetylmuramic acid NAM).

The protein chain called peptide chains links the sugar chains and provide strength in
between.

Key Functions of the Bacterial Cell Wall:

Maintains cell shape(spherical, roeshaped, spiral)
Prevents osmtic lysisin hypotonic environments
Acts as aarrier against toxic substances
Providesanchorage for appendageske flagella
Plays a role irpathogenicity in some bacteria
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Types Based on Gram Staining:

1. Gram-positive bacteria
o Thick peptidoglycan layer
o Containsteichoic acids
o Stainspurple with Gram stain
2. Gram-negative bacteria
o Thin peptidoglycan layer
o Outer membrane containitigopolysaccharides (LPS)
o Stainspink/red with Gram stain

Exceptions:

T Mycoplasmaspecieslack a cell wall(makes them resistatd penicillin)
1 Archaea: have cell walls buiack peptidoglycan instead, they may have
pseudopeptidoglycaror other polymers

l
c. Cell Membrane (Plasma Membrane):

Cell membrane in this case is a phospholipid bilayer with embedded proteins in it,
allowing materials to go across it selectively. Since there is no mitochondria in
prokaryotes, cell membrane acts as a site for energy produnticesaelectron
transport chain.

2. Cytoplasm

The cytoplasm in prokaryotes is a semiluid matrix containing the folling intracellular
components.

A Ribosomes 70S,a site for protein synthesis.

A Inclusion bodies, cell inclusion refers to alring part of a cell, it is here then meant

the presence of storage nutrients such as glycogen, fatty acid and amino acid.
Nucleoid.The region containing circular DNA.

Plasmidsplasmidsaresmall, circular, doublestranded DNA moleculesthat exist
independently of the bacterial chromosome. These DNA molecules carries information

> >

Bacterial
chromosome

Clicamum

Cytasm

3. Appendages

In bacteriaappendagesare external structures that extend from the cell surface. They help
the bacterianove, attach to surfacesorexchange genetic materiallt can be flagella or
fimbriae.



a. Flagella:

A Long, whiplike structures for motility.
A Arrangementstong, whiplike structures made of the protiéagellin
Types of arrangements

Monotrichous one flagellum
Lophotrichous cluster at one end
Amphitrichousone at each end
Peritrichous all over the surface
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b. Pili (Fimbriae):

1 Function: Attachment to surfaces, tissues, or other bacteria

1 Structure: Short, haiike structures. Used to transfer DNA between bacteria during
conjugation.

1 Note: Important for colonization and biofilm formation, imat used for motility.

filf\fs ‘ ‘T/—fatpsule

Plasma
membrane

Cell wall Flagellum

Clinical relevance:

T Fimbriae andpili help bacteria adhere to host célsimportant in pathogenesis.
1 Flagellahelp bacteria spread through tissues or fluids.
1 Some appendages are targets for the immune system or vaccines.

4. Endospores

1 Dormant, resistant structures produced by some bacteria found in Bacillus,
Clostridium.

1 Resist heat, radiation, desiccation, and disinfectants.

¢ Allow survival in harsh conditions.
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B.Eukaryotic Microbial Cells

General Characteristics
A True nucleus with nuclear membrane.
A Membranebound organelles.

A Can be unicellular (protozoa, some fungi) or multicellular (molds).
A Reproduce sexually or asexually.

Structure of a Eukaryotic Cell (e.g., Yeast, Protozoa)
1. Cell Envelope
a. Cell Membrane:

T Phospholipid bilayer with sterols.
1 Regulates entry/exit of substances.

b. Cell Wall (in fungi and algae):

1 Fungi: Composed afhitin. Chitin is along-chain polymermade oN -
acetylglucosaminea derivative of glucose. It istaictural polysaccharide meaning
it's used to build and support the physical structure of organisms.

1 Algae: Composed afellulose Celluloseis acomplex carbohydrateand a type of
structural polysaccharidemade up of repeating unitsfeD-glucoselinked by
A( 1 ¢ 4 psidig bopds

2. Cytoplasm and Organelles

a. Nucleus:

1 Contains DNA in linear chromosomes.
1 Surrounded by nuclear envelope with pores.

b. Mitochondria:

1 Site of aerobic respiration and ATP production.



c. Endoplasmic Reticulum (ER):

1 Rough ER Protein synthesiéas ribosomes).
T Smooth ER Lipid synthesis, detoxification.

d. Golgi Apparatus:
1 Modifies, sorts, and packages proteins and lipids.
e. Ribosomes (80S):

1 Free in cytoplasm or attached to rough ER.
1 Site of protein synthesis.

f. Vacuoles:

1 Storage and regulatn of substances.
g. Lysosomes:

T Contain digestive enzymes to break down waste.
3. Locomotory Structures

1 Cilia: Short and numerous (e.@arameciun

1 Flagella Longer and fewer (e.ggugleng.
1 Pseudopodia Temporary projections for movement (e Aymoeba.

Differences Between Prokaryotic and Eukaryotic
Microbial Cells

Feature Prokaryotic Cells Eukaryotic Cells
Nucleus Absent Present
DNA Circular, single chromosor Linear chromosomes in nucle
Ribosomes 70S 80S
Organelles Absent Present (e.g., mitocmdria)
Cell Division Binary fission Mitosis or meiosis
Size Smaller (0.7 5 pm) Larger (1Gi 100 pm)
Cell Wall Compositiol Peptidoglycan (in bacteria Chitin (fungi), cellulose (algas
Example Bacteria, Archaea Protozoa, fungi, algae

Medical Importance of Microbial Cell Structures.



A virulence factor is anymolecule or structure produced by a microbe, especially
pathogensthat enhances its ability to:

Cause disease

Invade the host

Evade or suppress the host's immune system
Obtain nutrients from the host

PwpnPE

These factors anmeot essential for basic survivabf the microbe but are crucial for
pathogenicity, its ability to cause disease. Example of virulence factor is Capsule in the
bacteria which evades immune system.

Other structure of medical importance.

Presence of a cell is a target for antibiotic. Some of these medications are designed to
target the cell wall. Example of antibiotic is penicillin.

Plasmid have genes which carries information that enable the bacteria to form
resistant pattern agairnthe antibiotics.

Endospore difficult to eliminate, it requires sterilization.

Flagella and pilli are important structures for the bacterial colonization and causing
infections.

Introduction to Microbial Genetics
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Microbial geneticsis the study of the Bthanisms of heritable information in

microorganisms, including how genes are structured, expressed, replicated, and transmitted.
It plays a crucial role in understanding microbial physiology, resistance patterns,
pathogenesis, and biotechnological appiores.

Gene is a functional unit of hereditary informations,it is a point within the DNA or RNA that
carries information for accomplishing a certain task such as formation of certain structure in a
living organism. To understand the concept of microbealagics we study the followings.

A How genes are structured.

A How they are expressed and replicated.
A Hoe do genes transimitted.

Genetic Materials in Microorganisms.

DNA meaning Deoxyribonucleic Acid is a molecule carrying the hereditary information
with the bllowing key features.

A It is the primary genetic material in most Bacteria and many viruses.

A DNA exists in a double stranded helix.

A DNA carries genes organized into coding regions and regulatory sequence.
RNA meaning Ribonucleic Acid

It is a single straded structure carrying hereditary information which serves as
genetical materials in some viruses such as Retroviruses,RNA viruses and many
other.



There are various types of RNA which are

A

A

Messenger RNAL carries genetic informationfrom DNA to theribosome, where

it is used astamplate to synthesize proteins

Transifer RNATransfer RNA (tRNA) is a type of RNA thdtrings amino acidsto
theribosomeduringprotein synthesis (translation) It acts like &molecular

adaptor" i matching an mRNA codon toetlcorrect amino acid.

Ribosomal RNArRNA (ribosomal RNA) is a type of RNA that forms there
structural and functional part of ribosomeswhich are thprotein-making factories

in all living cells.

Regulatory RNARegulatory RNAs are molecules thatglasy role in controlling gene
expression without encoding proteins themselves. They are involved in regulating various
processes such as transcription, translation, and RNA stability.

Chromosomes and Plasmids.

Chromosomes is a term derived from twords

Chromo-means color

Somesi vessicle/body.

So chromosome mean colored bdthe bacterial chromosome is a single circular

molecule of DNA.Plasmids are extthromosomal DNA elements often carry genes
for antibiotic resistance,virulence and metabolism.

Gene Structure and Function

A. Gene

il

A gene is a segment of DNA that codes for a functional product, usually a protein or
RNA.

B. Operon.

An operonin prokaryotes is a group of genes thatragulated togetherandtranscribed
as a single mRNA molecule

Key Features of an Operon:

1.
2.

3.

Promoter i A DNA sequence wher@NA polymerasebinds to start transcription.
Operator i A regulatory region wherer@pressor proteincan bind to block
transcription.

Structural genesi The actual genes that code for proteins (emgzymes).
Regulatory genepften nearby Produces theepressor protein.
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How It Works:

A When the operon isn, RNA polymerase binds to the promoter and
transcribes all the structural genes into one mRNA.
A When the operon isff, a repressor binds to the operator and blocks RNA
polymerase.
Classic Example: Lac Opeon in E. coli

A It controls the breakdown of lactose.

A When | actose is present, iton¥emoves th
~enzymes to digest lactose are made. )
A When | actose is absent Yofffrepressor bin

C. Gene Expression

1 Transcription: Transcription is thefirst step of gene expressionwvhere the
information in &NA sequenceis copied into a complementRi)MA molecule. The
process is enhanced by an enzyme RNA polymerase.

T Translation: Translationis thesecond major step of gene expressi, where the
genetic code carried imgssenger RNA (mMRNA)isdecoded to build a protein

1 Regulation of gene expression carcbastitutive, always on or
inducible/repressible

RNA Replication in Microbes

A Semiconservative replication Each new DNA molade contains one
original strand and one new strand.

A Involves enzymes like DNA polymerase, helicase, ligase, primase.

A Highly accurate but not immune to mutations.
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5. Genetic Variation in Microorganisms.

Genetic variation enhances microbial adaptability and evolution, especially under stress,
antibiotics, immune pressure. It arises from:

A. Mutation.

Gene mtation refers to unpredictable abruptly change in the genetic makeup that will
affect the structure to be formed from the information carried in that gene. ltis a

permanent change in the DNA sequence. The factors which cause mutation is called
mutagens.

The following are example of mutagens.
A Physicat UV light, X-rays.

A Chemical: Nitrous acid, alkylating agents.
A Biological: Viruses, mobile genetic elements.

Types of Mutations

1.Based on Molecular Change



Type Description
Point mutation Change in a single oieotide.
Silent mutation No change in amino acid.
Missense mutation Changes one amino acid.
Nonsense mutation Introduces a premature stop codon.
Frame shift mutation Insertion or deletion of bases that alters the reading f

2. Based on Effect

A Beneficial: Rare, may increase survival e.g., antibiotic resistance.
A Neutral: No significant effect.
A Harmful (lethal) : Disrupts essential functions.

3. Mechanisms of Genetic Transfer in Bacteria

A. Transformation

A Uptake of naked DNA fragments from the envirgant.
A Natural competence seenStreptococcudNeisseria

B. Transduction

A Transfer of DNA via bacteriophages (viruses that infect bacteria).
A Generalized Any bacterial gene can be transferred.
A Specialized Only specific genes near phage integration sites.

C. Conjugation

A Direct celtto-cell contact vissex pilus
A Involves transfer oplasmids, especially F (fertility) plasmid.
A Important in the spread antibiotic resistance genes

4. Plasmids and Their Role

A Small, circular DNA molecules independent of tieomosome.
A R plasmids Carry antibiotic resistance.

A F plasmids Involved in conjugation.

A Virulence plasmids Encode toxins or other pathogenic factors.

A Can be transferred horizontally between bacteria

Transposable Elements (Jumping Genes)

A DNA sequences #t can move from one location to another within a genome.
A Includeinsertion sequences (ISandtransposons

A May disrupt genes or cause mutations.

A Contribute to genetic diversity and evolution.

5. Mutagenesis and DNA Repair Mechanisms

DNA Repair Mechanisms



Photo reactivation: Direct repair of UVinduced damage.
Excision repair: Removes and replaces damaged bases.
Mismatch repair: Corrects replication errors.

SOS responseError-prone repair under stress.

Clinical Implications of Microbial Genetics
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Antib iotic resistance Mutations and gene transfer mechanisms spread
resistance.

Pathogenicity. Virulence genes acquired via plasmids, transposons, phages.
Vaccine design Requires understanding of microbial antigens and mutations.
Molecular diagnostics PCR, INA probes, and sequencing depend on genetic
understanding.
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Applications of Microbial Genetics

A Recombinant DNA technology Recombinant DNA technology,also known
asgenetic engineering is a set of techniques useddmbine DNA
molecules from differentsourcesandinsert them into a host organisnto
produce new genetic combinations that are valuable for science, medicine,
agriculture, and industry.

A Genetic engineering of vaccine®roduction of vaccine from Recombinant
DNA Technology.

A CRISPR-Cas systemsCRISPR-Cas (Clustered Regularly Interspaced
Short Palindromic Repeat$) CRISPR-associated)is a genediting
technology that usagyuide RNA (gRNA) and aCas enzyme (usually Cas9)
to cut DNA at a specific location allowing for the addition, removal, or
dteration of genetic material.

A Microbial biotechnology: Microbial biotechnology is the use of
microorganisms (like bacteria, fungi, and viruses) to develop products and
technologies that benefit humans, animals, agriculture, and the
environment.Good exanapisProduction of insulin, enzymes aadtibiotics.

HOST-MICROBE INTERACTIONS.

Host and microbe interactions refer to the various relationship between the human host and
microorganism in their four groups Bacteria, fungi, viruses@arasites. These kind of
interactions range from harmless or beneficial to the harmful, a stage at which a
microorganism which was previous harmless turns to harmful and cause a disease to the host.

Understanding these dynamics is critical in diagnogingyenting and treating the infectious
diseases.

TYPES OF MICROBIAL RELATIONSHIPS WITH THE HOST.
1. Mutualism.

In this relation both the host and microorganism benefit. For example a bacteria E.coli
in human gut produces vitamin B12 which enhanceabsorption of iron from the human



intestine to the blood vessel, while the E.coli cleverly uses the nutrients from the gut
without harming the host unless is displaced from its living sites within the gut.

2. Commensalism.

Symbiosis means living togeth€omensalism is a type of symbiotic relationship in which
one microorganism benefits while the human host is neither helped nor harmed.

The good example is in the human gastrointestinal tract certain microorganism live and grow
by feeding on undigestedfdo mat eri al s or host secretions
Skin normal flora such &taphylococcus epidermidis is also a good example in this

category.

Bacteroides species which is the part of gut normal flora in the group of bacteria are in this
group and possess the following key features.

A These are common anaerobic bacteria in the large intestine.

A They digest complex carbohydrates that human enzymes can't process.
Benefit to microbe They gain nutrients and a stable environment.

Effect on host No direct harm or noticeable benefit in this specific
interaction. Although in certain conditions such in an immune compromised
state commensal organisms can change into opportunistic pathogens.
3.Parasitism.
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It is a type of symbiotic relatreship in which one organism, the parasite benefits at
the expense of the host often causing tissue damage or a disease. The host human
provides the environment, nutrients, and resources for the parasite, while the host
suffering tissue damage, immune rasg®or a pathology in return.

Parasitism is the key concept because many diseases causing organisms operate
parasitically and it includes both protozoa, helminthes fungi and certain bacteria and
viruses.

Mechanisms of Parasitic Damage:

Mechanism Example
Nutrient depletion Hookworms feed on host blood, causing anemia
Tissue damage Entamoeba histolyticeauses ulceration in the colon
Immune evasion Trypanosoma brucahanges surface antigens
. , Plasmodium falciparursauses release of toxialsstances from
Toxin production
RBCs
_Chronlc . Schistosoma mansoeggs cause granulomas in liver/intestines
inflammation

Examples in Clinical Context:



Parasite Disease Pathology

Plasmodium spp.  Malaria Hemolysis, fever, cerebral complicatic
Entamoeba histolytic Amoebic dysentet Colon ulcers, bloody diarrhea

Taenia solium Cysticercosis Brain cysts (neurocysticercssi
Giardia lamblia Giardiasis Malabsorption, watery diarrhea
Ascaris lumbricoides Ascariasis Intestinal obstruction, lung migration

NORMAL FLORA.

Normal flora is a commulative of microorganisms that naturally live on or in the human body
without causig disease under normal conditions.

Main Sites for normal flora and their Examples:

Body Site Common Organisms
Skin Staphylococcus epidermidis, Propionibacterium a
Nose/Throal Staphylococcus aureus, Streptococcus viridans
Mouth Streptococcus muts, Lactobacillus spp.
Gut E. coli, Bacteroides fragilis, Lactobacillus
Vagina Lactobacillus spp., Candida albicans

Functions of Normal Flora:

A Normal flora offers colonization resistance, it prevents the entry point for an
invading harmful microorgasm by living in its niche where there is an entry for
a pathogen blocking the entry.

A Normal flora helps in digestive process by breaking down complex carbohydrates,
which human digestive system cannot.

A Normal flora helps in production of vitamin Biotirhweh helps the body in
forming clotting mechanism and hence preventing bleeding.

A Normal flora helps the immune system to function efficiently by stimulating it,

and cooling down the abnormal response of immune system a tendency that could

cause an autoimmme disease to occur.

A Opportunistic infections. When normal flora are displaced from their origin niche
they may migrate to other part of the body where their survival is not favorable
and cause infections. For example E.coli enters the Urogenital Tchchase
UTLThe cause for UTI is the migration of normal flora and not sharing dirty
toilets as some people believe.

A Disruption by antibiotics. Because large part of gut normal flora is composed of
Bacterias, the per oral intake of antibiotics will kilhse of these innocent
Bacterias.The disturbance in ecosystem will provide a change for the fungus
especially candida take an overgrowth and also the clostridioides difficile
infections. Thus why when a doctor prescribes antibiotic for a time of over a



week,the doctor will also prescribe Multivitamin so as to replace the amount used
to be synthesized by the bacteria which are now low in number due to the action
of antibiotic in gut.

THE OUTCOMES OF HOST AND PRASITE INTERACTION.

A It may create atgong immune response which cleares the parasites or create
resistance against them.

A It may lead to weak immunological response which can allow chronic
infection to progress or a hidden infection.

A It may lead to immune dysregulations during a respons@éastiaular
stimuli, and hence the immune system fails to differentiate self andeibn
in the body starting attacking the normal health body cells and tissues. This is
the starting point of autoimmune disease or relapse if the person has an
autoimmune sease.

Pathogenesis and Virulence Factors.

Pathogenesis is the process by which a microorganism cause disease in the host.It is
composed of the four key factors. These are

The entry used by a pathogen to enter the host.

Evasion of the host defenses, esasneans the mechanism used by a pathogen to

avoid the host immune system response toward it.

Multiplication of the pathogen in the host cells or tissues.

Host 6s tissue damage caused by the pathog
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The stages of pathogenesis.

1.Entry-The microorganism enters the host through skin,musoca,respiratory tract,Gl,and
urogenital.

2.Adhesion:Microbes possess certain structures which make them capable to attach on the
host tissus.Example of these structures Fittibriae.

3.Invasionlt is the penetration of the microorganism to host cells/tissues facilitated by the
microbes enzymes or active mechanism.

- A clever process by microbes to outsmart host immune system
response, meaning it @ns phagocytosis, complement, antibodies tc
sustain its wellbeing.

4. Evasion of
Host Immunity



5.Multplication. -An increase in number of the invaded microorganism inside or outsides the
host cells and tissues through replication or simply via reproductive mode possessed by the
spedfic microorganism.

6.

Damage

to Hostt Damage to host tissues is archived by direct releasing of toxins and enzyr
form the microorganism or indirect damage used caused by imimuediated
process. It is due to inflammatory process, and thusfamimatory process is
also termed as a double sword, because it can kill a pathogen and cause
to the health host cells and tissues.

7. Exit-

It refers to ways microorganisms leave the host to infect others, it can be archived via feces,
droplets, blood and many other substances.

Virulence and Virulence Factors.

Virulence is the degree of pathogenicity or it simply means an ability of an organism to cause
disease. The microorganisms is capable of causing the diseases because it can ptaduce cer
molecules known as virulence factors which enable them to invade the host cell, evade the
immune response and cause damage to the host tissues.

The following are the virulence factors and their functions.

1. Adhesinssticky molecules on the surface ofnécroorganism enabling it to
attach on the host surface.(Pilli). Example in Neisseria gonorrhea.

2. CapsuleA tough protein coat surrounding the pathogen, it helps the
microorganism to avoid phagocytosis. For example in Streptococcus

pneumonia.
3. Biofilm-It is a structured community of microorganisms such as bacteria, fungi
or protozoa, that attach to the hostds

seltproduced matrix of an extracellular polymeric sustances.lt is like a thin shield
or glue that protects thearoorganisms. It protects the microorganisms from
immunological response and antibiotics. The good example it is in
Staphylococcus epidermis.

4. EnzymesThese are biological catalysts composed of proteins and usually
work in an optimum temperature of lessrlg&bc. There many enzymes
enabling various metabolic activities to occur for example collagenase,



hyaluronidase found in clostridium perfringes.Ensymes in the microorganism
helps to invasion through breaking down a host tissue and get an entry to enter
in through.

5.ExotoxinsExotoxinsare potent, secreted proteim®duced and released bgertain

bacteria, exotoxins triggers systemic inflammation found E.coli and sdiixotesiins are

produced by Grampositive and some Graidegative.Exotoxins are hightgxic

and specific.

Toxin Action Organism
Botulinumtoxin Bl oc ks acet yl ¢ hol Clostridium botulinur
Tetanustoxin Bl ocks GABA Y s p aC.tetani
Diphtheria toxin Inhibits protein synthesis C. diphtheriae
Choleratoxin Incr eases c¢AMP Y wVibriocholerae

6. Endotoxin-They are lipopolysaccharides meaning they are composed of lipid and

complex carbohydrate$hey are produced by the part of outer membrane of Gram Negative
Bacterias causing a host cell to unddysis.It also causes Fever,shock,Disseminated
Intravascular coagulopathy a kind of disease where there is massive bleeding due to failure of
blood to cloat,it is a rare but seen usually as complication of Caesarian sections.DIC is
archived via cytoking storm(IL-1, TNFalpha)

7.Antigenic Variation-It is a genetic strategy used by a pathogen to change their
surface protein, or call them antigens in order to avoid the immune system attack. It
is the hiding mechanism which prevents the immune systeogtozethe

pathogens and attack them. Example it is found in Trypanosoma brucei.

8.Intracellular survival -It is a clever mechanism to avoid being killed by a
macrophage. For example mycobacterium tuberculosis when
engulfed/phagocytized by an alveolar mgtrages, for it to be cleaved

down/broken down, the macrophages releases hydrolytic enzymes form its
lysosome to cleave the bacteria. Then in counter response to this the
Mycobacterium tuberculosis create a mechanism which stops thee macrophage to
releaseliese enzymes against it, and it survives.

It also deals with modulation of host cell signaling by changes the signaling
path ways of the macrophages to suppress apoptosis a programmed cell,
keeping the cell alive longer so as to enable the bacterialicatepand

multiply. Alveolar macrophages can live months to years. Let us say that
macrophage was to live for a years and under go into apoptosis, but iff'the 11
month it was invaded by Mycobacterium Tuberculosis, apoptosis will not
occur in 12 months khwvill be elonged into more than a year to ensure
Mycobacterium tuberculosis survival.



VIRULENCE FACTORS

Capsule Endotoxin

Envoibran /

/ Enzymes
o

Cell Envolope

Invasins

Immune Evasion Strategies

Strategy
Capsule
Antigenic variation
Intracellular hiding
Inhibiting complement

Description Example
Hides surface antigens Klebsiella pneumoniar
Changes surface proteins Neisseria gonorrhoear
Lives inside host cells Listeria monocytogen

Produces complement inhibit«Streptococcus pyoger

Inhibiting phagolysosome fusior Survives inside phagocytes M. tuberculosis

Examples of Pathogens and Their Virulence Factors

Pathogen
Streptococcus pyoger
E. coli (ETEC)

Virulence Factor Effect
M protein, streptolysir Anti-phagocytic, hemolys
Heatlabile toxin Watery diarrhea



Pathogen Virulence Factor Effect
Neisseria meningitidis Capsle, endotoxin ~ Meningitis, sepsis

Helicobacter pylori ~ Urease, flagella Gastric ulcers
Bacillus anthracis Anthrax toxin Edema, tissue necrosis
Shigella Shiga toxin Dysentery, HUS

Understanding pathogenesis and virulence factors is crucial for diagnosdgcting disease
severity, choosing appropriate treatment and developing vaccine as well as public health
issues.

HOST DIFENSIVE MECHANISM.

Immune system protects the human body from infections and progression of diseases
maintaining homeostasis. Thaye broadly divided into

1. Innate immunity (Notspecific)
2. Adaptive immunity.(Specific).
These systems collaborate to recognize, eliminate and remember the pathogens

INNATE IMMUNITY.

't is the bodyos first | i neongpédcificdnenfumense again
response. It provides immediate protection against pathogens and it does not require prior
exposure to a pathogen to be activated.

Key features of Innate Immunity.

A It present from birth.

A It usually responds rapidly in minutes or hoarge the pathogen is introduced in the
body.

A Itis nonspecific, meaning it target general features of the pathogen rather than
specific ones.

A It has no memory keeping tendency, meaning thimtduction of the pathogen to

the body does not activatetdt respond immediately and efficiently.
Components of Innate Immunity.

1. Physical and Chemical Barriers.

A Skin-It acts as a physical barrier to break the entry of pathogens to the body.

A Mucous Membranelt trapes and expels microorganisms, in the nosetandars is a
good example.

A Tears, saliva and stomach acidrhey contains enzymes and have low PH value
enabling them to destroy infections. The body is efficient to wipe off infections if the
environment have low PH value, meaning in an alkaline conditbagidic.

2. Cellular Components.



Macrophages such as neutrophil, monocytes perform phagocytosis, the process for
engulfing and destroying pathogen.

Natural killer celtlt kills cells which are infected by viruses and those which have
been affected by caer.

Dendritic cellsi Acts as messengers between innate and adaptive immunity.

Mast Cells & BasophilsRelease histamine,leucotrienes in inflammation and allergy.

> > >

3. Soluble Factors.

A Complement Systerrlt is a group of proteins that enhance inflammationtaaid the
immune system to destroy the pathogens especially in opsonization and chemotaxis.

Complement
proteins

QO

e
O Antigen

C3b

A Cytokines.-These are signal molecules that modulate the immune response. It
prevents the possibility of autoimmityn developing of autoimmune diseases.
A Acute phase proteinCertain type of protein such-@active protein, produced by the
liver during inflammation and infections.
4. Cytokines & Chemokines

Cytokines.
Cytokines are broad category of small proteins peat a key role in cell signaling especially

in the immune system. They act as messengers that help the immune cells communicate with
each other and coordinate the bodyob6s respons



CYTOKINE AND
CHEMOKINE ACTION
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Types of Gytokines:

1. Interleukins (ILs) T They regulate growth and differentiation of immune cells such
as IL-1, IL-6.

2. Interferon (IFNs) 7 Help the immune to respond during the viral infections:Hpha
and IFNgamma

3. Tumor Necrosis Factors (TNFs) Promote inflammatin and apoptosis They
promote inflammation and programmed cell, apoptosis, especiallylTNF

4. Colony-Stimulating Factors (CSFs)i Stimulate the production of blood cells.

5. Growth Factorsi Promote cell proliferation and healing (e.g., VEGF, TGk .

Chemokines

Chemokines are a subclass of cytokines that specificallice chemotaxis meaning they
guide the movement of immune cells to sitemdction, injury , orinflammation.

Types of Chemokines (based on structure):

1. CC chemokinesi Have two adjacent cysine e.g., CCL2, attracts monocytes.

2. CXC chemokinesi Have a cystein&-cysteine motif (e.g., CXCL8/H8, attracts
neutrophils).

3. CX3C and C chemokines Less common types with unique structures.

Key Differences:

Feature Cytokines Chemokines
Function Broadimmune regulation  Direct cell migration (chemotaxi
Examples IL-2, TNFU, -b FN CXCLS (IL-8), CCL2 (MCR1)



Feature Cytokines Chemokines
Source cell T cells, macrophages, etc. Various immune and stromal ce
Main Role Activation, differentiation, etiGuiding immune cell traffiking

Clinical Relevance:

A Cytokine stormsin severe infections like COVIO9.
A Chemokine involvementin chronic inflammation for example, in
autoimmune diseases.
A Therapeutic targets Many cytokines and chemokines are targets for drugs
e.g., antdTNF therapes in rheumatoid arthritis.
5.Pattern Recognition Receptorg PRRs.)

Pattern Recognition Receptors (PRRsarespecialized proteindound on or inside
immune cells that recogniz®mmon molecular patternsfound in pathogens or damaged
cells. These moleculgatterns are callddAMPs (PathogerAssociated Molecular Patterns)
andDAMPs (DamageAssociated Molecular Patterns).

PATTERN RECOGNITION
RECEPTORS

Pattern Recogniti
Receptor

What PRRs Do:

A Detect infection or cell damage by recognizing PAMPs or DAMPs.

A They activate innate immunesgonses, like inflammation and phagocytosis.

A They trigger signaling pathways that lead to the production of cytokines and
chemokines.

A They help on linking innate immunity to adaptive immunity by activating antigen
presenting cells.

Types of PRRs:



PRRs can be located on ttell surface inside endosomesor in thecytoplasm

Type Location Example Recognizes
Toll-Like Receptors Cell surface / TLRA4,
(TLRS) endosomes TLR3 LPS, dSRNA, etc.
NOD-Like Receptors NOD1, . :
(NLRs) Cytoplasm NOD2 Bacterial peptidoglycan
RIG-I-Like Receptors RIG-I, .
(RLRS) Cytoplasm MDAS Viral RNA
C-Type Lectin Receptors Cell surface Dectin-1 Fungal carbohydrates
(CLRs)
AIM2 -like Receptors DNA from pathogens or
(ALRs) Cytoplasm AM2 damaged cells

Key Concepts:

A PAMPs: Found in microbes e.g., LPS, flagellin, dsRNA.
A DAMPs: Released from damaged cells e.g., HMGB1, ATP.
A PRR activation = First line of immune defense.

Clinical Relevance:

A Over activation of PRRs can leaddoronic inflammation or autoimmune
diseases
A PRRs are targets fenccine adjuvantsandanti-inflammatory therapies.
Inflammation i s t h enaturab dkfen$esresponséo injury, infection, or harmful
stimuli. It involves theactivation of immune cells release of signaling moleculelke
cytokines and histamines, anbdanges in blood flowto help eliminate the cause of damage
and begin healing.

Inflammatory process is double sword mechanism, meaning it wipes off the disease causing

microorganism, or harmful stimuli while at the same tingestroys the health innocent
body. Health cells and tissues.

Key Features of Inflammation
The classical signs @fcute inflammation are mainly four andare:
1. Rednesdrubor)i due to increased blood flow.
2. Heat (calor) 1 from warm blood and metabolic actiyit
3. Swelling (tumon) i from fluid leakage into tissues.
4. Pain (dolor) T due to stimulation of nerve endings via a compression by the swelling.

The inflammatory process may end up by loss of function (functio laesa)



During inflammation endothelia walls (Btal vessel linning changes) changes and increase

its permeability and vasodilation. Leucocyte recruitment to the site of the pathogen or stimuli,
it involves rolling, adhesion and diapededesis,a mechanism by a which a leucocytes goes
across the blood vessedll to the site of the pathogen. At the site of stimuli killing of the
pathogen or any stimuli is archived from an immunological processes known as

Phagocytosisngestion, a pathogen or stimuli is taken inside the macrophage, then the
lysosome of the n@ophage releases an hydrolytic enzymes to destroy the antigen(Pathogen
or any stimuli).During this process microbial killing is archived by hydrolytic enzymes which
may be reactive oxygen species or Nitric oxide both from the lysosome of the macrophage.

Types of Inflammation

Type Description
Acute Rapid onset, short duration (minutes to days); aimed at removing t
inflammation cause and healing.
Longlasting (weeks to years); may result from persistent infection,
Chronic autoimmune disese, or ongoing exposure to harmful agents.
inflammation

Stages of Acute Inflammation

Recognition of the trigger(by PRRs on immune cells)
Recruitment of immune cells(like neutrophils, macrophages)
Removal of the causévia phagocytosis, enzymes, etc.)
Resolution and healing

rwpnPE

Major Mediators of Inflammation

A Histaminei causes vasodilation and increased vascular permeability.

A Cytokines (e.g., Il-1, TNF-U ) recruit and activate immune cells.

A Prostaglandins and leukotrienes promote pain and inflammation.

A Bradykinin i increags vascular permeability and pain sensation.
Clinical Relevance

A Beneficialwhen controlled e.g., healing a cut, fighting an infection.

A Harmful when chronic or excessive e.g., rheumatoid arthritis, asthma, IBD).
Functions of Innate Immunity:

A It prevents emy and spread of pathogens.

A Recognize and respond to pathogens quickly.

A Activate the adaptive immune system if needed.
ADAPTIVE IMMUNITY.

Adaptive immunity is also called acquired
which develops after expoe to specific pathogens. Unlike innate immunity, it is highly
specific, slower to respond initially and has immunological memory, meaning it remembers
pathogens and responds faster upon future encounters.



Key Features of Adaptive Immunity.

A It is very sgcific usually target unique antigens of a specific pathogens.

It responds slowly, a delayed response which takes days to become full active on the
first exposure.

It is has memonrTherefor faster and stronger upon second exposure, simply

meaning if the paogen will get excess inside the body for the second time.

It is diverse meaning it can recognize millions of different antigens.

thasseit ol er ant meaning it does not attack
tissues as it can differentiate pathogers thiese tissues, unless the immune system
undergoes dysregulation resulting to autoimmunity.
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Major Components:
1. Cells of Adaptive Immunity.

A B-lymphocytes normally called B cells.
-It is called Bcell because it matures in bone marrowb{Bsa to be shband
specific call it bone marrow.
-B-cells differentiates into plasma and memory cells. Plasma cells produces
antibodies and memory cells keeps record on how a given pathogen was destroys so
as to make the destruction task easier when the same kintho@ea is reappearing
of the same kind of pathogen in the body in the future. Antibodies are protein in Y
shape, which has got a main function of finding and antigen and coating it at specific
sites known as epitopes. The coating of the antibodies atbarahtigen epitopes is
called optimization then phagocytosis follows. Antibodies are also called
immunoglobulin (Ig) and they occur in varieties forms which are
lgG,IgA,IgM,IgE,IgD.

Antigen antibody reaction is called serology.

PLASMA CELL
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A T lymphocytes (T cells).
-The letter T is derived from Thymii8ecause these cells mature in Thymus, an
involuntary organ just below your neck.
-Helper T cells (CD4+)- it activates B cells and other immune cells.



-Cytotoxic T cells (CD8+}t kills infected or cancerous cells,a cellmediated

immunity.
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Types of Adaptive Immunity:
1. Active Immunity
Developed through infection or vaccination.

Long-lasting
Passive Immunity
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Received from another source for example materndaies, antibody injection.
Temporary protection

> >

Adaptive Immunity



A. Antigen Presentation

Antigen presentation.lt is a crucial process in the immune system where cells display
fragments of foreign or abnormal pratesalled antigens on their surface to be recognized by T
cells. This process helps the immune system to differentiate antigens and normal health body
cells and therefore enabling immune system to respond to infections, cancer and other threats.

Her e 6 & wanke: w

1. Antigen Uptake .- A cell usually known as Antigen Presenting Cells or
APC, like macrophage, dendritic cells, oicBlls engulf a pathogen or
an abnormal protein.

2. Antigen ProcessingThe antigen is broken down into smaller peptides
fragments insidéhe cell.

3. The antigens fragments are then loaded into Major
Histocompatibility Complex (MHC) moleculesMHC is a cluster of
genes that carries information for synthesis of protein of the cell surface,
these proteins are essential for adaptive immune eespogse proteins
bind peptide fragment or simply antigens and present them to T
lymphocytes, enabling the immune system to distinguish self from non
self.
There are two classes of Major Histocompatibility Complex
(MCH) molecules.
MHC Class I-It presents atigens from inside the cell to CD8+
cytotoxic T cells. Example of this kind of antigens are viral proteins.

MHC class Il -Presents antigens frooutside the cellto CD4+ helper T
cells Example of these antigens are Bacteria and parasites proteins.

4. Presentation on the cell surfaceThe MHGantigen complex is transported to the
cell surface where T cells can recognize it.

5. T -cell activation: If a T cell receptor (TCR) recognizes the antigen, the T cell is
activated to launch an immune response.

6. Cross-presentation

Dendritic cells present extracellular antigegnson MHCt o pr i me CD8



ANTIGEN PRESENTATION
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A Helps the immune system distinguish self from-seti
A Critical for the development of vaccines and immunotherapies.

B.Cell-mediated immunity.

It is an arm of the adaptive immune system in whidiriiphocytes and other immune cells

act directly to eli

mi nat e-selffoeBICedd s

antigens, meaning they are infected or have taken morphological changes which makes
difficult for the immune system to detect them as normal. Unlike the humoral immunity
which relies on antibodies, Cetiediated responses hinge on theognition of antigenic
peptides presented on MHC molecules and subsequetd-celll interactions and cytokines

signaling.

A CDA4+ TiHelper Cell.

-Th1 Produces IFNgama which on turn activates macrophages and support CD8+

responses.

-Th2 produces It4,1L-5,IL-3 which activates Eell which help eosinophil to wipe

off worm infestations/infections.

-Th 17IL 17 activates neutrophil recruitment to engulf extracellular pathogen such as

Bacteria/fungi.

- Treg;IL-10,TGFBeta plays a role in immune regulatioreypenting

autoimmunity.

-CD8 Cytotoxic
perforin/granzyemes.

T Kijsnmfedted orylin@mal celi€ il s ) .

-Memory T Cells-Respond rapidly upon +&xposure and is of lorliyed.

Granzymesandperforins are cytotoxic proteins used by certaimiune cells tdill
infected or abnormal cells like virusinfected cells or tumor cells.

Perforins

on

t danefcod E



1 Function: Create pores in the membrane of target cells.
T Source:Releasedbg yt ot oxi ¢ T | yangnhtaral KillerégNK) ( CD 8
cells).

Mechanism: One released, perforins insert themselves into the target cell membrane and
form holes, allowing other toxic molecules ,like granzymes to eG@ranzymes

Function: Trigger apoptosis, programmed cell death inside the targdnc8imple Terms:

1. Perforin punches holes the target cell membrane.
2. Granzymes enterthrough the holes.
3. Granzymes destroythe cell from within by activating death pathways.

A Type: They areserine proteasesenzymes that cut proteins.

Key Types:
A Granzyme Bi most studied; activates qmsses inside the target cell, leads to
~ apoptosis.
A Granzyme A, K, H, M1 other types with slightly different roles.

Perforin and granzymes action

Cytotoxic
Tcell

Target cell
Apoptosis

Key Players



1. Ant i gesenting Cells (APCs)

A Dendritic cells, macrophages, and B cells take up, process, and present
_antigenic peptides
A Display peptidesoMHC I, t o CD8 MHC lld eol ICsD4a n dl
cells.
2. CD8 Cytotoxic T Lymphocytes (CTLs)

A Recognize peptiddMHC | complexes ornfected or tumor cells
A Kill targets via perforin/granzyme release orifeessL engagement
3. CDh4 Hel per T Cel |l s

Differentiate into subsets (Thl, Th2, Th17, Treg) based on cytokine
milieu
Thi cells produce IFBdb, -UNEF o acti vate macropha

CTL responses

Th17 cells recruit neutrophils and contribute to mucosal defense

Treg cells secrete 110, TGFb t o dampen i mmune r es|
maintain tolerance

4. Macrophages & NK Cells

> > >

A Macrophageskill ingested microbes and present antigen to T cells; get
fAiaictat e d daeribed IFNoh 1

A Natural killer (NK) cells bridge innate and adaptive arms, killing cells
with downregulated MHQO

2. Phases of CelMediated Response

1. Antigen Recognition & APC Licensing

A Pathogen/damaged cell antigens are processed intdgepti
A APCs upregulate estimulatory molecules (CD80/CD86) and migrate
to lymph nodes
2. T-Cel Il Activation (APrimingo)

A Signal 1: TCR binds peptideViIHC on APC
A Signal 2: Co-stimulation via CD2BCD80/86
A Signal 3: APC-derived cytokines (e.g., HL2 promotes Thl; H6 +
TGFb promotes Th17)
3. Clonal Expansion & Differentiation.

Clonal expansionis the process whegiesingle immune cell ,like a T or B
lymphocyte, that recognizes a specific antig@tiferates, divides rapidlyto produce
many identical copies (clones) of itself.



A Activated T cells proliferate and differentiate into effector and memory

) subsets
A C D 8cells become CTLSL D 4cells become Thl, Thl7, etc.

CLONAL EXPANSION
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4. Effector Phase

A CTLs patrol tissues, recognize pepiidiéHC | on target cells, and
induce apoptosis

A Thi cellssecrete IFNo  t O :

A Activate macrophages (enhanced phagocytosis, reactive
oxygen/nitrogen species)

A Up regulate MHC expression on various cells

A Th17 cellsrecruit neutrophils to sites of fungal/bacterial infections.

PHASES OF CELL-MEDIATED

IMMUNE RESPONSE
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5. Contraction & Memory Formation

A After pathogen clearance, 90% of effector T cells undergo apoptosis.



A Remaining cells become lofiged memory T cells for rapid response
on reexposure.

3. Effector Mechanisms

Mechanism Mediators Target/Outcome
Cytotoxicity Perforin, Granzyme B, Apoptosis of virugnfected or tumoil
FasL cells
o Enhanced killing of intracellular
Macrophage activation IFN-o, CD40L pathogens
Delayedtype Th1 cytokines (IFNo ,  Tissue inflammation; granuloma
hypersensitivity TNF-U) formation

Neutrophil recruitment  IL-17, IL-22

Rapid clearance of extracellular
bacteria

4. Clinical Relevance

A
A
A

A

Intracellular pathogens such as Mycobacterium tuberculosis and viruses are
primarily controlled by celinediated immunity.

Vaccine desigrnoften aims to elicit strong Th1l and CTL responses against
pathogens not effectively neutralized by antibodies.

Autoimmunity andtransplant rejection can result from aberrant or
misdirected celmediated responses.

Cancer immunotherapy such as checkpoint inhibitors, unleashes CTLs
against tumor antigens presented on MHC

C. Humoral Immunity

N D>
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B Cells & Plasma Cells

Naive B cell activates antigen binding which also leads to clonal expansion
Class switching,IgM leads to production of IgG, IgA, IgE under cytokine
influence

Antibody Functions
-Neutralization: block toxins/viral entry

-Opsonization Fcreceptor mediated pagocytosis
-Complement activation via classical pathway (IgM or 1gG)

Memory B Cells
-Rapid, highaffinity antibody production on rehallenge.



HUMORAL IMMUNITY
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4. Integration of Innate & Adaptive Immunity

A Dendriticcellsc apt ure antigen Y migrate to
MHC Y activate napve T cell s.

A Cytokine milieu determines Th differentiation.

A Opsonins,complement, IgG enhance phagocytosis by innate cells.

5. Clinical Relevance
1 Immunodeficiencies.

A Primary such as S{D, CGD, complement deficiencies.
A Secondarysuch as HIV/AIDS, chemotherapy.
1 Hypersensitivity Reactions

A Typeli IV mechanisms involve aberrant host defense
T Autoimmunity

A Loss of selftolerance developing of diseases such as SLE, rheumatoid
arthritis.
T Immunotherapy & Vaccines

A Monoclonal antibodies, checkpoint inhibitors
A Live-attenuated, killed, subunit, conjugate vaccines.

6. Key Takeaways

A Innate immunity is rapid, norspecific, lacks memory.
A Adaptive immunity is slower initially, highly specific, generates mery.
A Effective defensaequires coordination between both arms.



A Disorders of either arm lead to susceptibility, immunodeficiency or pathology
in autoimmunity and allergy.
Granulocytes vs. Agranulocytes.
The leucocytes can lgganulocyte or agranulocytes.Granulocytes means they have

visible granules in the cytoplasm under staining while agranulocytes is the
opposite, meaning no granules in the cytoplasm.

Neutrophil Eosinophil Basophil

AGRANULOCYTES

Lymphocyte Monocyte

The Table below differentiate the two well.

Feature Granulocytes Agranulocytes
- WBCs with visible granules in the WBCs without visible granules in th
Definition
cytoplasm cytoplasm
Present (contain enzymes and  Absent or not easily visible under li¢
Granules . )
mediators) microscopy
Nucleus Lobed gegmented) Large, round or kidneghaped (non
lobed)
Prlma_ry Immediate/innate immune defens Adaptive immunity and longerm
Function response
: . . Lymphocytes (B, T, NK cells),
Examples Neutrophils, Eosinophils, Basoph Monocytes
Stainin Granules stain ith Cytoplasm stains lightly, no granule
9 acidic/basic/neutral dyes visibility

Longer (days to years for some

Life Span Short (hours to a few days) lymphocytes)



Epi demi ol ogy of I nfect

Introduction and Scope.

Epidemiology is the study afie distribution and determinants of heakated states or
events in specific populations, and the application of this study to control health problems.

It involves steps in investigation as shown in the diagram.

STEPS OF AN
EPIDEMIOLOGICAL
INVESTIGATION

DETECTION

DATA COLLECTION

HYPOTHESIS
GENERATION

00

IMPLEMENTATION
OF CONTROL
MEASURES

©

Key Definition.

A Infection.-It is an invasion and multiplication of microorganisms in body
tissues.

Infectious diseaseA disease caused by the pathogenic microorganisms.
Epidemic;-A sudden increase in the number of cases of a disease above what
is normally expected.

Pandemic:-An epidemic that has spread over several countries or continents.
Endemic;-A disease constantly present in a population.

Sporadic;-Occasional occurrence of disease.

Outbreak-It is a cluster of cases in a limited time and plat®mve expected
background rate.

> >
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Chain of Infection

Understanding the chain of infection is essential for breaking the cycle of disease
transmission.

A Infectious agent-bacteria, viruses, parasites.



Reservoir-humans, animals, environment.

Portal of exit- a point where the microorganism find its way out of the body
and infect other people. This can be archivedespiratory tract, blood, feces
Mode of transmissionthe way a microorganism finds its way in the body,

it can be via.Direct cantact, airborne, vector.

Portal of entry 1 The point where the microorganism gets an access into the
body, it can be via mucous membranes, skin, and respiratory tract.
Susceptible hosiThe person with a condition which favors the
microorganism to enter imé body. It can benmunocompromised, elderly,
unvaccinated.

lllustration idea: Circular flow chart depicting the chain of infection.
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Modes of Transmission

A Direct transmission Persorto-person e.g., STDs, respiratory droplets.
A Indirect transmission: Via contaminated surfaces, food, or water

A Vector-borne: Transmission via insects e.g., malaria, dengue.

A Airborne : Suspended particles inhaled e.g., tuberculosis.

Comparison of Incidence
and Prevalence Over Time
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Epidemiologic Triad

This model explains the interaction between:

A Agent Microbial pathogen
A Host: Human or animal susceptible to the agent
A Environment: External factors affecting the agent or host



lllustration idea: Triangle diagram labeling each component and giving infectious disease
examples.

Epidemiologic Triangle of
Infectious Diseases

or animal that
harbors the disease

Immunocompromised
Individuals, children, elderly

that allow disease
transmission

Patterns of Disease Occurrence

A Incidence Number of new cases in a population over a specific time.
A Prevalence Total number of cases at a given time.
A Investigation: Steps include detection, confirmation, hypothesis generation,
data collection, anonplementation of control measures.
lllustration idea: Graph showing incidence vs. prevalence curves.

Surveillance and Reporting

A Passive SurveillanceRoutine reporting by healthcare providers.

A Active Surveillance Deliberate data collection duringitbreaks.

A Sentinel Surveillance Monitoring certain groups to detect trends.
lllustration idea: Flowchart showing types of surveillance and their sources.

Flowchart Sketch: Types of Surveillance and Their

Sources
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Prevention and Control

A Primary prevention: Vaccination, hygiene, safe sex.
A Secomary prevention: Early diagnosis and prompt treatment.
A Tertiary prevention: Limiting disability and preventing further

complications.

lllustration idea: Table summarizing prevention levels with examples.

Levels of Prevention and Their Examples

Example

Prevent disease before¢ Vaccination, health education, use of

Level Qf Definition

Prevention
Primary
Prevention occurs
Secondary Early detection and
Prevention prompt treatment
Tertiary Reduce impact of an
Prevention ongoing disease
Quaternary Avoid over
Prevention medicalization

Emerging Infectious Diseases

insecticidetreated nets

Screening tests (e.g., mammography), blood
pressure abcks

Rehabilitation programs, chronic disease
management (e.g., insulin therapy for diabet
Avoiding unnecessary surgeries, promoting
evidencebasedractice

These armew diseasesr diseases that agcreasing in incidence or geographic range
They may be caused by:

Examples:

EMERGING AND RE - EMERGING DISEASES.

Re-emerging Infectious Diseases.



These are previouslyontrolled or declining diseases that are making a come often
due to the followings.
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Antimicrobial resistance

Vaccine hesitancy or decreased vaccination coverage

Changes in human behavior, travel, and urbanization

War or natural disasters disrupting pulblealth services.

Newly identified pathogens e.g., viruses jumping from animals to humans
.The disease which can be transmitted from animal to human is termed as
Zoonotic.

Known pathogens that have newly acquired increased virulence or resistance
Existingdiseases appearing in new areas or populations.

Global travel.

Climate change.

Urbanization.

Examples:

> > > > >

Tuberculosis-especially multidrugesistant TB.
Measles-resurgence due to declining immunization.
Cholera -reappearing in areas wigoor sanitation.
Dengue fever

Plague-sporadic outbreaks still occur.

Examples include:

1 Emerging: SARS, COVID19, Ebola
1 Re-emerging Tuberculosis, measles, cholera.

Measures of Disease Frequency

1.

Incidence

A Incidence Risk (Cumulative Incidence)The poportion of a
population that develop a new disease over a specified time period
New cases during a period) + Population at risk at.start

A Incidence Rate (Incidence DensityJhe proportion of a population
that develops new cases of a disease during #ispeane period.
New cases + Persdmme at risk

2. Prevalence

A Point PrevalenceThe proportion of a population that has a specific
disease or a condition at a single point in tifxsting cases at a point
in time + Population at that time

A Period Prevalence-The proportion of a population that has specific
disease or condition at any time during a specified period, like over a
month, year, or decade.Existing + new cases during a period +
Average population during period.



3. Attack Rate (for outbreaks)The proportion of people who become ill during a specific
outbreak or epidemic, typically within a short period ofNiomeber of people who
become ill = Total exposed.

4. Mortality Measures

A Crude Mortality Rate = Total deaths + Total population.
A CauseSpecificMortality Rate = Deaths from specific cause + Total
population.
A Case Fatality Rate (CFR)= Deaths from disease + Number of
diagnosed cases.
5. Basi ¢ Reproduction Number (R )

A Average number of secondary cases generated by one primary case in
a fully susceptile population.
AR>1 Y epidemi «lp¥tentbarbakRwill die
Types of Epidemiologic Studies

A. Descriptive Epidemiology

A Person, Place, TimeWho is affected, where cases occur, and when they
occur.
A Tools: Case reports, case series, caessonal surveys, surveillance data.
B. Analytic Epidemiology

1 Hypothesistesting to identify determinants.
1 Observational Studies

A Cohort StudiesAn observational study where a group of people
(COHORT) is followed over time to assess the relationship between
exposure and outcomirospective/retrospectivecalculate relative
risk (RR).

A Casé Control Studiesi calculate odds ratio (ORAn observational
study that starts witindividuals who have the disease (caseahd
compares them to thoséthout the disea® (controls)to identify past
exposure

1 Experimental Studies

A Randomized Controlled Trials (RCTs)i evaluate interventions for
example, vaccine®\n experimental study desigrwhere participants
arerandomly assignedo either arintervention group (treatmat) or a
control group (placebo or standard treatment) to evaluate the
effectivenessf interventions.

5. Outbreak Investigation StepsA sudden increasén the number of cases afiaease
above what is normally expectedspexific populationor geogralpic area over @articular
time period.

Prepare for field work

Establish existence of an outbreakcompare observed vs. expected.
Verify diagnosis, lab confirmation, case definition.

Define & identify cases time, person, and place.

PwnE



5. Perform descriptive epdemiology, epidemic curve, and mapping.
6. Develop hypothesesmode of transmission, source.

7. Test hypothesesanalytic studies, environmental sampling.

8. Implement control & prevention measures

9. Communicate findings reports, recommendations.

10. Maintain surveillan ce.

6. Surveillance Systems

A Passive SurveillanceRoutine reporting by healthcare providers e.g.,
national notifiable disease reporting.

A Active Surveillance Public health agencies proactively seek cases
e.g., during outbreaks.

A Syndromic Surveillance Monitoring clinical syndromes e.g., fever +
rash to detect early outbreaks.

A Sentinel Surveillance Selected sites report higjuality data e.g.,
influenza surveillance.

Types of Surveillance

Surveillance

1
- 1

Active
Surveillance
. [
Reported by Surveys and
healthcare registries
providers

7. Molecular and Genomic Epidemiology

A PulseField Gel Electrophoresis (PFGE)Multi -Locus Sequence Typing
~ (MLST), Whole-Genome Sequencing (WGS)
A Track transmission chains, detect outbreaks, and study evolution of resistance.

8. Risk Factors and Determinants

A Host Factors Age, sex, genetic susceptibility, immune status, nutrition.

A Environmental Factors: Climate, sanitation, population density, healthcare
access.

A Agent Factors Infectivity, pathogenicity, virulence, dose.

A Behavioral Factors Hygiene practices, sexual behavior, needle sharing,
travel.

9. Control and Prevention Strategies
1. Primary Prevention

A Vaccination, sanitation, vector control, health education.



2. Secondary Prevention

A Early detection and treatment (screening, contact tracing, prophylaxis).
3. Tertiary Prevention

A Rehabilitation, minimizing complications, pesfection care.

10. Epidemologic Metrics in DecisionMaking

A Number Needed to Treat (NNT) Number Needed to Vaccinate

~ (NNV)

A Attributable Risk (AR) , Population Attributable Fraction (PAF) .
11. Key Takeaways

A Epidemiology integrateguantitative measures study designs and
laboratory toolsto understand and control infectious diseases.

A Accurate dataandtimely analysisare critical for outbreak response.

A Molecular methodsnow complement classical epidemiology,
improving resolution in tracking pathogens.

A Effective control relies on umdstandingransmission dynamics
population risk, andintervention impact

DIAGNOSTIC MICROBIOLOGY.
Specimen Collection, Transport, and Processing.

Specimencollection is the careful and systematic gathering of body fluids, tissues, or
excretions for lab@tory analysis to diagnose infectious diseases.

The purpose of specimen collection is centered in the followings.
A It aims at detecting and identifying the causative organism.
A Offers a guide in treatment decision for example selecting the correct aatibioti
A To monitor disease progression or treatment effectiveness.
A To prevent the spread of infections.

Common Types of Specimen.

A Blood sample for various Test such as Blood culture.

Urine such as midstream urine sample.

Respiratory secretions Such as sputunand throat swab.
Cerebrospinal fluid (CSF) obtained from Lumbar puncture.

Stoot collected for finding presence of parasites, bacteria, viruses.
Pus-collected from infected wound

Genital samples collected from urethral discharge or cervical swab.

> > > >

Key Principles of Specimen Collection:



1 Know the suspected pathogen(s) and tests requested for example if it is culture, PCR,
serology, or microscopyatient Preparation.

2.Aseptic technique:To prevent contamination and spreading the infections.
3. Proper timing: Preferably before starting antibiotics.

4. Correct container and transport medium: Special tubes or media may be needed to
collect and transport. For example Stuart medium for swab.

5. Labelingand documentation:Patient ID, date, time, spaten type.

6. Rapidtransport to lab: To preserve pathogen viability, meaning to ensure the
extracted pathogen is alive.

7. Volume-follow minimum volumes for sensitivity for exampleiZD mL for adult
blood cultures.

8. Patient PreparationFasting vs. noifasting, or if the patient is in arbiotic or any
drug that can interfere it must be discontinued. The good example is if the patient is on
antibiotic.

9. Timing-Collect during acute phase of iliness such as fever, peadn pathogen load is
highest

Why Proper Collection Matters:
A Poorly collected specimens can gfaése results

A Contamination may lead toisdiagnosis
A Delayed or improper handling can caisss of viable organisms

Specimen Collection Container Key Considerations
Blood cuture bottles Draw two sets from separate sites; avoid
Blood ) : . S
(aerobic/anaerobic) venipuncture contamination
CSE Sterile screwcap tube C(_)IIect_ 1st tu.be for chemistry, 2nd for
microbiology; keep at room temp
Urine Sterile, leakproof cup (|;/|I dstr eam frefrigeragenf>Zha t
elay
. No contaminating fluids; transport <=2 h or
Stool Leak-proof container use CaryBlair
Swabs Flocked swab + transport Use appropriate swab (e.g., Dacron for
medium viruses); break off into VTM or Amies
First morning deep cough specimen;
Respiratory Sputum cupBAL tube bronchoalveolar lavage (BAL) via
bronchoscopy
: . . . Keep moist (no fixatives); transport on ice if
Tissue/Biops) Sterile container delay >1 h

Step-by-Step Collection Examples



1. Blood Culture

Identify two venipuncture sites at least 30 minutes apart.

Clean each site with alcohol + chlorhexidine.

Draw 10 mL into aerobic bottle, then 10 mL into anaerobic.

Label immediately with patient ID, date/time, site, and collector initials.

I > > D>

2.CSF

A Perform lumbar punctunender sterile conditions.

A Collect sequentially into three t

A Label tubes fichemistry, o fAimicro, 0
Labelling & Documentation

A Labels: patient name/ID, specimen type, date/time, collector.

A Requisition form: clinical history, antiitics given, test(s) required.

A Perform triple packaging, primary container, sealable biohazard bag and

~ rigid Box.

A Make sure you comply with local regulation such as UN3373, Biological
substance Category Bdefined by the United Nations (UN) in the
International Maritime Dangerous Goods (IMDG) Codeand
International Air Transport Association (IATA) regulations. These are
used for the transport of biological materials that are not infectious or pose a
limited risk to health, but still require certain precans to ensure safety
during transport.

Deliver to lab within 30 minutes at room temperature

Specimen Transport

Transport Media & Conditions

Specimen Transport Medium Temperature Max Delay
Anaerobic bacteria PRAS medum (e.g., PoHA-Cul) Ambient O 2 h
Enteric pathogens Cary-Blair Room temp (2025°C)O 4 8 |
Neisseria spp. Amies with charcoal 4°C O 24 |
Viruses Viral transport medium (VTM) 4 °C O 48 |

Blood culture bottle N/A 3537 °C incubator Immediately

ub
4

e
h
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Specinen Processing in the Laboratory.

Specimen processing in a laboratory refers to the steps and procedures used to handle, and
analyze clinical specimens to diagnose and monitor diseases. Proper specimen processing is
critical to ensure the accuracy and nélyati diagnostic results. Below are the general steps
involved in specimen processing.

1. Reception & Accessioning

A Verify : specimen integrity, label vs. requisition match.
A Assign unique laboratory accession number.
A Record: date/time received, conditiqe.g., hemolyzed, clotted).

2. Prioritization & Sorting

A START with-: CSF, blood cultures, sterile fluids.
A Routine: urine, stool, wound swabs.

3. Pre-Processing Steps

A Centrifugation of body fluids (e.g., synovial fluid) for cell counts and
sediment microsquy.
A Aliquoting : reserve portions for molecular tests, serology, and backup.
4. Direct Examination

A Microscopy: Gram stain, acidast stain, wet mount.
A Antigen tests lateral flow assays (e.g., rapid strep, cryptococcal antigen).

5. Culture Setup

A Inoculation: streak onto selective/differential agar for example MacConkey,
blood agar.

A Broth enrichment: e.g., thioglycollate for fastidious bacteria.

A Incubation: t emperature and atmosphere per
anaerobic.

6. Molecular and Serologic Workflows

A Nucleic acid extractionY Pol ymer ase Chain Reactions
NAAT (Nucleic Acid Amplification Testing) is a powerful diagnostic technique
used in specimen processing to detect the presence of specific nucleic acids
(DNA or RNA) of pathogens. It is wigtaelsed in molecular diagnostics for



various infectious diseases due to its high sensitivity and specificity. NAATs can
amplify tiny amounts of genetic material in a specimen, making it possible to
detect pathogens even at low concentrations.

A Serology. stole serum ait 20 °C ori 80 °C for antibody panels.
7. Waste Disposal and Decontamination.

Waste disposal and decontamination are critical components of specimen processing in the
laboratory to ensure the safety of laboratory personnel, prevertamaeissniration, and

protect the environment. Proper handling and disposal of hazardous materials, including
clinical specimens and reagents, are essential to minimize the risk of infections and
contamination.

Waste Disposal in Specimen Processing

Waste generated dog specimen processing can be classified into several categories, each
requiring specific disposal methods:

1. Biological Waste (Infectious Waste)

A

A

Types Blood, body fluids, tissue samples, cultures, swabs, used personal
protective equipment (PPE), anglyanaterials contaminated with biological
agents.

Disposal Methods

-Autoclaving: Biological waste is often sterilized using autoclaving (steam
sterilization) before disposal. Autoclaving ensures that any infectious
microorganisms are killed, rendering thaste safe for disposal.

-Incineration: Some biological waste that cannot be autoclaved (e.g., sharp
objects like needles and glass) may be incinerated to ensure complete
destruction of pathogens.

-Chemical Disinfection In cases where autoclaving or imeration is not
feasible, chemical disinfectants such as chlorine bleach, formaldehyde are
used to treat biological waste before disposal. The disinfectant must be
inactivated for a specified period to ensure thorough decontamination.

-Sharps Disposal Shaps, needles, syringes, scalpels, are placed in puncture
proof, leakproof containers, sharps containers, to prevent injury and
contamination. These containers are disposed of in accordance with local
regulations, often by incineration.

2. Chemical Waste

A

A

Types Reagents, solvents, stains, disinfectants, and other chemicals used in
specimen processing.

Disposal Methods

-Chemical Neutralization: Some chemicals may be neutralized or rendered
less harmful through chemical reactions (e.g., neutralizing acisses)

before disposal.



-Hazardous Waste DisposalChemicals that cannot be neutralized are
classified as hazardous waste and must be disposed of through licensed
hazardous waste management services that specialize in the safe disposal of
chemical substares.

-Recycling In some cases, certain chemicals (e.g., solvents) may be recycled
or purified for reuse, minimizing the environmental impact.

3. Nonhazardous Waste

A Types Norinfectious items such as paper towels, gloves, and other
disposable items nobataminated by pathogens.
A Disposal Methods
These items are typically placed in standard trash bins for general waste
disposal. However, if they are contaminated with small amounts of biological
material, they should be treated as biohazardous waste.
4. Radioactive Waste (if applicable)

A Types Materials used in diagnostic tests involving radioactive isotopes such
as radiolabeled probes, reagents, or samples.

A Disposal Methods
-Radioactive materials must be handled according to strict guidelines for
radiation safety. They are typically stored in specially designed containers and
disposed of through licensed radioactive waste disposal services.

Decontamination in Specimen Processing

Decontamination is the process of reducing or eliminating harmful microongsifrism
surfaces, instruments, and equipment used in specimen processing. This is crucial to prevent
crosscontamination, protect laboratory personnel, and maintain the integrity of specimens.

1. Surface Decontamination

A Disinfectants Surfaces such as caaentops, workbenches, and laboratory
equipment are disinfected regularly with appropriate disinfectants to kill or
deactivate harmful microorganisms. Common disinfectants include:
-Chlorine-based productssuch as sodium hypochlorite for general
disinfectia.

-Alcohol-based disinfectantsuch as 70% isopropyl alcohol for cleaning
surfaces.

-Phenolic compoundsandquaternary ammonium compoundsfor broader
spectrum activity.

A Contact Time: Disinfectants must be left on surfaces for an adequate time
usually 10 30 minutes to effectively kill or inactivate pathogens.

A Cleaning before Disinfection Surfaces should be cleaned of dirt or organic
material before applying disinfectants, as these can interfere with the
disinfecting process.



2. Instrument Decontamination

A

Autoclaving: Laboratory instruments that come into direct contact with
specimens such as pipettes, glassware can be sterilized using autoclaving. This
process ensures that all microbial life is destroyed.

Chemical Disinfection For items that cannot be aataved, chemical
disinfectants such as glutaraldehyde, hydrogen peroxide may be used to
achieve higHevel disinfection.

Ultraviolet (UV) Light : UV light is sometimes used to disinfect surfaces or
equipment that cannot be immersed in liquid disinfectants.

Manual Cleaning: In some cases, instruments or equipment may need to be
manually cleaned using detergents and brushes to remove biological residues
before decontamination.

3. Personal Protective Equipment (PPE) Decontamination

A

A

Gloves, Lab Coats, and MasksPPE worn by laboratory personnel during
specimen processing may be contaminated and should be discarded in
appropriate waste bins. For reusable items such as lab coats, decontamination
involves laundering with disinfecting agents.

Eye Protection If protective goggles or face shields are used, they should be
disinfected after each use.

4. Work Area Decontamination

A

A

Routine Cleaning Work areas, such as biosafety cabinets or workstations,
should be decontaminated regularly using appropriate disinfectgrisvient

the accumulation of microbial agents.

After Spill Management: In the case of spills (e.g., blood or body fluids), the
area must be immediately cleaned with a disinfectant that can effectively kill
pathogens, and the area should be marked as cowti@ehiuntil cleaned.
Absorbent materials such as paper towels are used to soak up the spill before
decontamination.

Personal Safety Considerations

A

PPE Usage Laboratory personnel must wear appropriate PPE (e.g., gloves,
lab coats, masks, and goggles) dgrapecimen processing and
decontamination to protect themselves from potential exposure to infectious
agents and hazardous chemicals.

Hand Hygiene Hand washing and sanitizing are crucial before and after
handling specimens, waste, and laboratory equiptoguevent

contamination and spread of infectious agents.

Regulatory Guidelines

Waste disposal and decontamination procedures are governed by various national and
international standards, including:

A

OSHA (Occupational Safety and Health Administration)in the U.S. for
safety regulations.

A EPA (Environmental Protection Agency)for proper waste management.



A WHO (World Health Organization) andCDC (Centers for Disease
Control and Prevention) for guidelines on infection control and waste
disposal in clinical satigs.

A Local Regulations Laboratories should adhere to local health and safety
regulations regarding the handling, storage, and disposal of hazardous
materials.

5. Quality Assurance and Troubleshooting.

Quality Assurance (QA) and troubleshooting are essgal aspects of specimen
processingin clinical laboratories to ensure the accuracy, reliability, anof safety
diagnostic results. QA aims to maintain consistent performance, while troubleshooting
involves identifying and resolving issues that magiwaiisg the specimen processing
workflow.

1. Quality Indicators

A Rejection criteria: improper labeling, wrong container, inadequate volume.
A Turnaroundtimes: track from collectionYreport
2. Common Problems & Solutions

Issue Possible Cause Remedy

Contaminagd blood culture Skin flora during draw Rellnforce aseptic technique;
train staff

No growth despite high  Delay in transport; Use antibiotic

clinical suspecion subinhibitory antibiotics = media; expedite transport

Hemolysis in CSF Traumatic tap Ngte on report; repeat tap if
critical

Summary

A The integrity of microbiology results hinges on meticulous attention to the
pre-analytical phase.

A Standardized protocols, clear communication between clinic and lab, and
continuous QA are key to patient dgfand accurate diagnosis.

A Quality assurancen specimen processing ensures that laboratories consistently
produce reliable, accurate results. By maintaining strict protocols for specimen
handling, processing, and testing, QA programs minimize errarsuard e
patient safetyl.roubleshooting is necessary to identify and resolve issues that
arise during the specimen processing workflow, ensuring continuausigh
performance in the laboratory. Together, QA and troubleshooting ensure that
laboratoriesneet the highest standards for diagnostic accuracy and patient care.

MICROSCOPY TECHNIDUES.



Microscopy plays a crucial role in diagnostic clinical microbiology by enabling the
visualization of microorganisms such as bacteria, fungi, parasites, and Wagess
microscopy techniques are employed to examine clinical specimens and provide valuable
information for diagnosis. These techniques help identify pathogens, assess their
characteristics, and guide treatment decisions. Below are some of the priitiagcopy
techniquesused in clinical microbiology

1. Light Microscopy (Brightfield Microscopy)

Light microscopy is the most commonly used technique in clinical microbiology for the
initial examination of specimens. It involves using visible light to vééained or naturally
pigmented microorganisms.

A Principle: A light microscope uses visible light that passes through the
specimen, and the contrast between the light and dark areas helps visualize
different structures.

A Applications:

-Bacterial morphology: Observing bacterial shapes such as cocci, bacilli,
spirilla and arrangements, chains, clusters, pairs.

-Differential Staining: Staining techniques such @sam staining or acid-
fast stainingare commonly used to classify and identify microorganisms.

-Parasite detection Identification of parasites such ptozoaor helminths
in stool or blood samples.

A Limitations : Limited resolution compared to electron microscopy, it is unable
to visualize very small organisms like viruses in detail. It useful in
Distingushing between Gram positive which appears as purple after staining
and being visualized and Gram Negative which appears pink Bacteria.

2. Fluorescence Microscopy

Fluorescence microscopyses ultraviolet (UV) light to excite fluorescent dyes or labels,
which then emit light at longer wavelengths, allowing the detection of specific
microorganisms or structures. A dye is a chemical well designed for colorizing the cytosol of
a pathogen in staining technique. Example of dyes are fluorescein isothiocyanate,and
rhodamine.

A Principle: Fluorescent dyes such fasorescein isothiocyanate (FITC)
rhodamine are bound to antibodies, nucleic acids, or other cellular
components. When the specimen is illuminated with UV light, the fluorescent
markers emit light that can loetected.

A Applications:

-ldentification of specific pathogens Direct fluorescent antibody (DFA)
testing for bacterial, viral, or fungal antigens.

-Detection of mycobacteria Acid-fast bacilli (AFB) such asMycobacterium
tuberculosiscan be visualized usg fluorescence after staining with a
fluorescent dye.



-Fungal detection Fungi can be stained with fluorescent dyes like calcofluor
white, which binds to fungal cell walls and fluoresces under UV light.

A Advantages High specificity, faster results, andrcdetect low amounts of
organisms. For example Fluorescent antibody staining is used for rapid
detection of pathogens like Chlamydia, Legionella and Cryptococcus and
many other.

A Limitations : Requires special equipment, and the fluorescence signal may be
weak or fade over time.

3. Phase Contrast Microscopy

Phase contrast microscopgnhances the contrast of transparent specimens without the need
for staining. This technique is particularly useful for observing living organisms or cellular
components.

A Principl e Phase contrast microscopy uses variations in the refractive index of
different parts of the sample to enhance contrast. It converts phase differences
in light into intensity differences, making transparent specimens more visible.

A Applications:

-Living microorganisms: Allows for the examination of live bacteria,
protozoa, and other cells without the need for staining.

-Cellular structures: Useful for observing cell division, motility, and the
behavior of living pathogens.

A Advantages Allows the examinatio of living specimens, so no need for
fixation or staining, preserving their natural state. It help on viewing motility
in Escherichia coli or Trypanosoma parasites.

A Limitations : May not provide sufficient detail for identifying certain
microorganisms ortauctures.

4. Darkfield Microscopy

Darkfield microscopy is a technique that illuminates the specimen from the side, creating a
bright image on a dark background. This technique is highly effective for observing very
small or thin organisms that are difflcto see with traditional light microscopy.

A Principle: The light enters the specimen at an oblique angle, and only
scattered light is captured by the objective lens, resulting in a bright image
against a dark background.

A Applications:

-Treponema pallidum, a bacteria which causes syphilis is too thin to be seen
with light microscopy but can be visualized using darkfield microscopy.

-Spirochetes and other motile bacteriaUseful for visualizing motility of
some organisms.

A Advantages Excellent contrast fohtn, live, or unstained specimens.
A Limitations: Requires a specialized microscope and may not be suitable for
all samples.

5. Electron Microscopy.



Electron microscopy(EM) offers much higher resolution than light microscopy, allowing
for the detailed examation of microorganisms at tiseib-cellular level, meaning it can
visualize even diseases causing agent particularly viruses.

A Principle: Electron microscopes use a beam of electrons instead of light to
create an image. Electrons have much shorter waugketitan light,
providing higher resolution. They provide high extent of visibility of the
microorganism structures.

A Types of Electron Microscopy
-Transmission Electron Microscopy (TEM):. Provides higfresolution
images of thinly sliced specimens and isfusfor studying the internal
structures of microorganisms.

-Scanning Electron Microscopy (SEM) Provides 3D images of the surface
morphology of microorganisms.

A Applications:
-Viral identification : Identification and structural study of viruses such as
HIV, Ebola Zikavirus that are too small to be seen by light microscopy.

-Ultrastructure of bacteria: Examination of the fine details of bacterial cells
such as cell wall, membranes.

A Advantages Very high resolution, capable of visualizing structures at the
molecular and atomic levels. For example it can visualize TEM of the
structure of bacteria such as Escherichia coli or SEM of viral particle like
influenza virus.

A Limitations : Expensive, requires specialized training and equipment, and
samples must be fed and prepared carefully.

6. Confocal Microscopy

Confocal microscopyuses laser light to scan the specimen in layers, creating high
resolution, threglimensional images. This technique is often used in research settings but has
applications in clinical narobiology.

A Principle: Confocal microscopes use laser light to illuminate one point of the
sample at a time, and a pinhole is used to rejeeb®Bidcus light, resulting in
sharp, highcontrast images.

A Applications:

-Biofilm analysis: Studying bacterialibfilms in chronic infections.

-Fluorescent imaging Visualizing fluorescently labeled cells or
microorganisms in detail, enabling 3Dnage reconstructions.

A Advantages Provides higkresolution images with the ability to visualize
_entire structures in tee dimensions.
A Limitations: Requires expensive equipment and expertise.

7. Polarized Light Microscopy



Polarized light microscopyis used to identify and study crystalline substances and some
types of fungi and bacteria.

A

A

A

Principle: Polarized light is passetdrough the specimen, and the interaction
between the light and the sample results in changes in the light's intensity or
orientation, which is then detected.

Applications:

-Fungal structures: Identification of fungal spores and hyphae that exhibit
birefringence under polarized light.

-Crystals: Detection of crystals such as urate crystals in gout in clinical
specimens.

Advantages Helps in the identification of substances with unique optical
properties.

Limitations : Limited to specific types of samplesathinteract with polarized
light.

Summary of Common Microscopy Techniques in Clinical Microbiology:

Technique

Light
Microscopy

Fluorescence Specific pathogen

Microscopy

Phase
Contrast
Microscopy

Darkfield
Microscopy

Electron
Microscopy

Confocal
Microscopy

Polarized
Light
Microscopy

Use Applications Advantages  Limitations
Gram stain, Limited
Basic identification bacterial Easy to use, resolution,
of bacteria and fung morphology, widely available cannot visualize
fungal detetion viruses

DFA tests, acid
fast bacteria,

Requires

High specificity specialized

identification rapid detection )
fungal spores equipment
: .. Observation of No staining Limited detail
Observation of living N required, live e
) : motility and cell for specific
microorganisms y cellscanbe . P
behavior identification
observed
Visualization of thin Spirochetes (e.g., High contrast Specialized
or transparent Treponema for thin equipment
organsms pallidum) organisms required
High-resolution Viral .
. . . , I . Expensive,
imaging of viruses, identification, Very high
. : . complex
bacteria, and bacterial resoluion :
preparation
ultrastructure ultrastructure
Biofilm study, Expensive
3D imaging with fluorescent High resolution be '
: . : . ) . requires
high resolution microorganism 3D imaging :
: expertise
labeling
Io_Ientl_flcatlon of Fung_a_l _ Can !Qentlfy Limited to
birefringentcrystals identification, specific o
g : specific sample
and some fungi crystal detection substances



Microscopy techniques are fundamental in the diagnosis of infectious diseases and microbial
identification, and each techniqueshts strengths and limitations depending on the
diagnostic needs.

CULTURE METHODS AND MEDIA.

Culture Methods and Media in Clinical Diagnostic Microbiology are essential tools used

for isolating and identifying microorganisms from clinical specimens. Timetbods help

provide a definitive diagnosis by growing pathogens in controlled conditions, enabling their
identification based on colony morphology, biochemical properties, and sometimes molecular
techniques.

1. General Principles of Culture Methods

A Sterility : To avoid contamination, aseptic techniques are essential in specimen
collection, transportation, and handling.

Selective Media Used to promote the growth of specific microorganisms

while inhibiting others such adacConkey agarfor Gramnegative bateria.
Differential Media: Allows the differentiation of organisms based on

metabolic reactions such B#ood agarfor hemolysis patterns.

Enrichment Media: Supports the growth of microorganisms present in low
numbers in clinical specimens suchSeeniteF broth for Salmonella

Incubation Conditions: Temperature, atmosphere aerobic, anaerobic; CO2
enriched, and time are optimized based
for growth.

2. Types of Culture Media

> > > >

a. NonSelective Media (General Purpose Media)

These media support the growth of a wide variety of organisms without favoring any
particular group.

1 Examples
-Nutrient agar: Basic medium for growing a wide range of microorganisms.

-Brain Heart Infusion (BHI) agar : Rich medium used for growing bacteria
and fungi.

-Tryptic Soy Agar (TSA): Supports the growth of many bacteria and fungi.
A Applications: Used for general cultivation of bacteria, fungi, and some
fastidious organisms.

b. Selective Media

Selective media are designed to inhibit the growth of utedamicroorganisms and select
for the growth of specific groups of organisms.

T Examples



-MacConkey agar. Selective for Granmegative bacteria especially
Enterobacteriaceaedue to the presence of bile salts and crystal violet. It also
differentiates lactasfermenters such &scherichia colfrom nonfermenters
like Salmonella

-Mannitol Salt Agar (MSA): Selective foiStaphylococcusspecies especially
Staphylococcus aureuasie to high salt concentration.

-Eosin Methylene Blue (EMB) agar Selective for Grammegative enteric
bacilli. It also differentiates lactose fermenters suck.ali, producing a
green metallic sheen from nd@rmenters.

A Applications: Used when the suspected organism belongs to a particular
group, such as Gramegative rods, staphylocai, or enteric bacteria.
c. Differential Media

Differential media contain ingredients that allow the differentiation of microorganisms based
on specific metabolic activities. These media often have indicators that change color or
produce a visible reactio

1 Examples

-Blood agar. A rich, differential medium used to detdwtmolysispatterns
alpha, beta, or gamma caused by bacterial enzymes sGtteptcoccus
species.

-MacConkey agar. As mentioned, it differentiates lactose fermenters such as
E. coli, which produces pink colonies from néarmenters likeSalmonella

-Xylose Lysine Deoxycholate (XLD) agarDifferentiatesSalmonellaand
Shigellafrom other enteric bacteria, based on sugar fermentation and H2S
production.
A Applications: Differentiating betwee species based on biochemical reactions
such as fermentation, gas production, or enzyme activity.
d. Enrichment Media

Enrichment media are designed to support the growth of organisms present in small numbers
or organisms that are fastidious in their growgquirements. These media may contain
nutrients or chemicals that favor the growth of certain organisms.

A Examples

-Selenite F broth Enrichment medium used for the isolatiorSalmonella
from fecal specimens.

-Thioglycollate broth: Used to cultivate aerobic bacteria, contains reducing
agents to create low oxygen conditions.



-Alkaline peptone water. Enrichment medium fovibrio choleraeand other
vibrios.

Blood agar Nutrientagar Broth Slant
MacConkey agar

A Applications: Used to enhance the growth of organisms that maydsept in low
numbers or are difficult to culture under standard conditions.

3. Specialized Culture Media

a. Anaerobic Media

These media are designed to support the growth of anaerobic bacteria, which cannot survive

in the presence of oxygen.
T Examples

-Anaerobic Blood Agar. Supports the growth of obligate anaerobes like
Clostridiumspecies.

-Egg Yolk Agar: Used to identify the production of an enzyme lecithinase by

Clostridium perfringens
A Applications: Isolation of anaerobic pathogens from abscesses] bloo
cultures, or wounds.
b. Fungal Media
These media are designed for the growth of fungi, including yeasts and molds.
1 Examples
A Sabouraud Dextrose Agar (SDA)Common medium for culturing fungi,

~ especially yeasts lik€andida
A Sabouraud Dextrose Broth Liquid form used to culture fungi in bulk.



A Mycosel agar Selective for pathogenic fungi, used in identifying
dermatophytes and other fungi.
A Applications: Used for the isolation of fungi from clinical specimens such as
skin, hair, nails, sputum, or tissue sangple
c. Chocolate Agar

Chocolate agar is a type of enriched blood agar where red blood cells are lysed by heating,
allowing the growth of more fastidious organisms.

1 Examples

-Chocolate agar Often used to culture organisms liKeisseria
gonorrhoeaeandHaemophilus specieswhich require hemoglobin or other
growth factors.

A Applications: Identification of fastidious bacteria, especially for organisms
that require specific growth factors suchHeemophilusandNeisseria
species.

d. Selective and DifferentialMedia for Urinary Tract Infections (UTIs)

1 Examples

-Cystine Lactose Electrolyte Deficient (CLED) agarA differential medium

used for UTI culture, helping to differentiate between lactose fermenters and

nonf er menter s. | t d&scoliand @ifencommbroUT! i@ sol at i n
pathogens.

-Uroselective agar Selective folEnterococcuspecies, commonly associated
with urinary tract infections.

A Applications: Diagnosis of UTI pathogens like coli, Klebsiella and
Enterococcus



J

Chocolate agar Mannitol Salt  Thiogly- Cystine

agar buluth Tryptic
Abro
T~
MacConkey Xlose Lyssine sacboraud Urea
agar Deoxycholate  dextrose broth

(XLD) agar agar
4. Biochemical Testing and ldentification

After culturing microorganisms on solid media, further biochemical testing is often needed to
identify the species or strain.

1 Common Biochemical Tests

-Catalase test IdentifiesStaphylococcugpositive) vs.Strgptococcus
(negative).

-Oxidase test DifferentiatesPseudomonaspecies (positive) from
Enterobacteriaceaéegative).

-Coagulase testDifferentiatesStaphylococcus aurepositive) from other
staphylococci (negative).

-Indole test Used to distinguiskscherichia coli(positive) from
Enterobactel(negative).

A Other Identification Methods:
-API strips: Commercial test systems that combine multiple biochemical
reactions for identification such as API 20E for enteric pathogens.



-Vitek system Automated systa for bacterial identification based on
biochemical profiles.

-MALDI -TOF: Matrix -assisted laser desorption/ionizatiosiime of flight
(MALDI -TOF) mass spectrometry for rapid and accurate identification based
on protein spectra.

5. Molecular Diagnostic Techmques

While culture remains a primary method, molecular diagnostic techniques have become
increasingly important for faster, more accurate identification, especially in cases where
culturing is slow or difficult.

1 Polymerase Chain Reaction (PCR)Used for he amplification of specific nucleic
acid sequences, enabling rapid pathogen detection.

1 RealTime PCR (qPCR) Offers quantitative data and faster results.

1 Gene Sequencingldentifies organisms by sequencing their genetic material, often
used in cases offficult-to-culture organisms or for epidemiological studies.

Take Away Summary.

A Culture methods and mediaare fundamentals in diagnostic clinical
microbiology, offering an effective means of isolating and identifying
pathogen.

A There are different types ofculture media the common being
general,selective,differential,enrichment allow microbiologist to
optimize conditions for growing specific pathogens and
differentiating them based on their characteristics.

A Advances in molecular methods complement the toaddulture
techniques, improving the speed and accuracy of microbial
diagnostics, proper selection and use of media are essential for
ensuring the accurate identification of infectious agents, guiding
appropriate treatment and improving patient outcomes.

Biochemical Testing in Clinical Diagnostic Microbiology.

Biochemical testing is eritical method used to identify microorganisms especially
bacteria based on the metabolic and enzymatic activities they perform. These tests reveal
characteristic biochemal traits that help differentiate microbial species and genera.

A. Purpose of Biochemical Testing

A Identification of microorganisms by their biochemical profiles.
A Differentiation of closely related bacterig particularly within the same
family such as Emtrobacteriaceae.



A Confirmation of presumptive identification from culture and microscopy.
A Antibiotic selection, as some biochemical traits correlate with resistance or
virulence factors.

B. General Principles
Microorganisms metabolize nutrients in differgratys. Biochemical tests detect:

A Production okenzymedike catalase and urease.

A Ability to ferment sugarssuch as lactose, glucose.

A Utilization of substrateslike citrate or amino acids.

A By-productssuch as acids, gases, hydrogen s
Results are often indicated by:

A Color changein pH-sensitive media.
A Precipitation or bubbling.
A Turbidity or blackenngdue to H S producti on.

C. Common Biochemical Tests and Their Interpretations
1. Catalase Test

A Principle: Detects the presence aitalase enzyme which breaks down
hydrogen peroxide (H O ) into water an
A Positive Bubbling found inStaphylococcus
A Negative No bubbling a habit of certain microorganisms such a s
Streptococcus
2. Oxidase Test

A Principle: Detectscytochrome ¢ oxidasén bacteria.
A Reagent Tetramethylp-phenylenediamine.
A Positive Purple color within 30 seconds foundAseudomonad\eisseria
A Negative No color change founHnterobacteriaceae
3. Coagulase Test

A Principle: Detectscoagulase enzymehat clots plasma.
A Posgtive: Clot formation found irStaphylococcus aureus
A Negative No clot foundStaphylococcus epidermidis

4. Indole Test

A Principle: Detects the ability to convert tryptophan into indole.
A Reagent Kovacbdbs reagent .
A Positive Red ring founcE. coli.
A Negative No color change founlebsiella
5. Urease Test

A Principle: Detectsurease enzymewhich hydrolyzes urea into ammonia and
CO , raising pH.
A Medium: Urea agar with phenol red.
A Positive Pink, alkaline found ifProteus Helicobacter pylor).
A Negative Yellow or no change.
6. Citrate Utilization Test (Simmons Citrate Test)



A Principle: Tests if bacteria can usérate as the sole carbon source
A Medium: Simmons citrate agar with bromothymol blue.
A Positive Blue, alkaline pH.
A Negative Green, no pH change.
7. Triple Sugar Iron (TSI) Agar

A Principle: Tests sugar fermentatipglucose, lactose, sucrose, gas production,
and H S producti on.

A Interpretation :
-Yellow butt/yellow slant: Glucose + lactose/sucrose fermented.

-Yellow butt/red slant: Only glucose fermented.
-Black precipitate: H S producti on.
-Cracks/lifting : Gas prodation.
8. Methyl Red (MR) Test
A Principle: Detects stable acid production from glucose fermentation.
A Reagent Methyl red.
A Positive Red, acidic.

A Negative Yellow, less acidic.
9. VogesProskauer (VP) Test
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Principle: Detectsacetoin productionfrom glucose ratabolism (butylene
glycol pathway).

Reagents Alphanaphthol + KOH.

Positive Red.

Negative No color change.

10. Hydrogen Sulfide (H S) Production
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A Medium: SIM, TSI, or Kligler Iron Agar.

A Indicator: |l ron salts, react with H S to

A Positive Blackening SalmonellaProteus
A Negative No black precipitate.
11. Nitrate Reduction Test

A Principle: Determines the ability to reduce nitrate to nitrite or nitrogen gas.
A Positive Red after addition of reagents or after zinc (gas formation or nitrite
detected).
A Negative Red after zinc indicates nitrate not reduced.
12. Motility Test

A Method: Semisolid medim (motility agar).

A Positive Diffuse growth from stab line.

A Negative Growth only along stab line.
13. Lysine and Ornithine Decarboxylase Test

A Principle: Detects decarboxylation of amino acids producing alkaline pH.

or



A Positive Purple.
A Negative Yellow.
14.Phenylalanine Deaminase Test

Principle: Detects deamination of phenylalanine.
Reagent Ferric chloride.

Positive Green color such as iRroteus Morganella
Negative No color change.
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D. Commercial and Automated Biochemical Testing Systems
1. API (Analytical Profile Index) Strips

T Consist of microtubes with dehydrated biochemical substrates.

1 After inoculation and incubation, reactions are read and interpreted using a numeric
code.

1 Used for. EnterobacteriacegeStaphylococcysStreptococcudNeisseria and yeast.

2. VITEK System

T An automated system that performs multiple biochemical tests simultaneously.
1 Gives rapid, computeassisted identification of bacteria and yeasts.

3. BD Phoenix / MicroScan
1 Similar to VITEK; performs identification and antimicrabsusceptibility testing.
4. MALDI -TOF Mass Spectrometry

T Though not a biochemical test, it can rapidly identify bacteria based on protein
spectra, supplementing traditional biochemical methods.

E. Applications in Clinical Practice

Differentiating enteripathogens: e.gSalmonellaShigellg E. coli, Klebsiella
Confirming pathogens lik8. aureusP. aeruginosaH. pylori.

Distinguishing betweeBtreptococcuspecies.

Supporting diagnosis of UTIs, wound infections, bloodstream infections, etc.
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F. Limitat ions of Biochemical Tests

Time-consuming Some tests require 248 hours.

May require pure cultures.

Crossreactions False positives/negatives can occur.

Fastidious organismsmay not grow well on conventional media for testing.
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TAKEAWAY SUMMARY.



Biochemia@l testing is a foundational component of clinical microbiology. It allows
precise identification of bacterial species based on their metabolic activities. While
molecular methods are becoming more widespread, biochemical tests remain highly
relevand espeally in resourcdimited settings and for confirmatory testing in

routine diagnostics.

Molecular Diagnostics in Clinical Microbiology (PCR,
NAATS, etc.)

Molecular diagnostic refers to the use of nucleic-#eded technique, DNA or RNA to

detect, identifyor characterizing microorganisms. These methods have changed the field of
clinical microbiology by enabling rapidly, sensitive, and specific detection of pathogens,
often directly from patient specimens without the need for culture.

A. Principles of Molecular Diagnostics

Molecular diagnostic tests work by:

A Detectingunique genetic sequencesf pathogens (DNA or RNA).It refers to
arrangement of genes, points which have carried information on how to make
a protein or coordinate certain functions.

A Amplifying small amounts of nucleic acids to detectable levels by Polymerase
Chain Reaction Technique.(PCR).

A Offering qualitative meaning presence/absenagyantitative, or multiplex
meaning multiple targets results.

B. Major Molecular Techniques in Clinical Microbi ology.

1. Polymerase Chain Reaction (PCR)
Principle:
PCR amplifies specific DNA sequences using:

A Primers (short DNA sequences that flank the target).
A DNA polymerase(usually Taq polymerase).
A Thermal cycling (repeated cycles of denaturation, annealing, and
extension).
Steps:

1. Denaturation (941 98°C). DNA strands separate. High temperature of this range will
cause the protein making DNA to undergo morphological changes, this is what
denaturation means.

2. Annealing (50 65°C). Primers bind to specific sequencegeghnique in which to
can transfer part of DNA from one point to the point of your choice to as to attain a
change you want.

3. Extension (72°C) DNA polymerase synthesizes new DNA strands.
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Types of PCR:
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Conventional PCR: Visualized by gel electrophoresis.

RealTime PCR (qPCR) Uses fluorescent probes to quantify DNA in real
time.

Reverse Transcription PCR (RT-PCR): Converts RNA to DNA (cDNA),
then amplifies it.

Multiplex PCR : Detects multiple targets simultanesly in one reaction.
Nested PCR Increases sensitivity using two rounds of amplification.

Applications:

>
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Detection ofviruses it can be used to detect various types of viruses such as
HIV, HBV, HCV, SARSCoV-2.

Identification ofbacteria such asMycobacterium tuberculosis

Detection ofantibiotic resistance genesuch as mecA for MRSA, blaKPC

for carbapenemases.

Genotyping or strain typingsenotyping is the process of determining the
genetic makeup of an individual organism by examining its Dihceq

Strain typing is a method used to distinguish between different strains (or
variants) of microorganisms, such as bacteria, viruses, fungi, or parasites. This
process is crucial for understanding the genetic diversity, epidemiology, and
transmissiopatterns of these microorganisms. Strain typing helps identify
specific characteristics or markers that differentiate one strain from another, even
if they belong to the same species.

2. Nucleic Acid Amplification Tests (NAATS)



NAATSs are a broad categorydt includes PCR and other amplification methods. They
amplify pathogerspecific nucleic acids to detect infection with high sensitivity.

Common Types:

A PCR as explained above.

A Transcription -Mediated Amplification (TMA) :
TMA is a nucleic acid amplificattechnique used to detect specific RNA sequences,
which can be particularly useful in detecting viral RNA or othebR$d pathogens.
TMA amplifies RNA directly through a process that involves transcription, making it
highly sensitive and capable of dieigdow levels of target RNA in a sample. Itis a
technique using the same temperature used mainly for RNA commonly in dealing with
microorganisms such as Chlamydia trachomatis,Neisseria gonorrhea.

A Loop-Mediated Isothermal Amplification (LAMP) :
-Rapid amjpfication at a single temperature, no thermal cycling needed.

-Results in less than 1 hour; visible turbidity or color change.

A NASBA (Nucleic Acid SequenceBased Amplification):
Used for RNA viruses such as in HIV, enteroviruses.

Applications:

A Used in dagnosis of STI such as ®hlamydia Gonorrhea Trichomonas
A Used in TB diagnosis from Sputum with M.tuberculosis.
A Used in respiratory pathogen panels such as influenza, RSV, GO¥/ID

A Used in detecting Bloetorne viruses such as HIV, HCV,HBV.
3. RealTime PCR (gPCR)

Principle:
A Combines amplification and detection in one step ulirayescent dyesor
_ probes(e.g., SYBR Green, TagMan).

A Fluorescence increases as DNA is amplified.
Advantages:

A Quantitative: Measures viral/bacterial load (e.g., HIV viraad).

A Fast Results in 12 hours.
A Closed systemReduces contamination risk.
4. DNA Microarrays / Chip-Based Assays

Principle:

A Thousands of DNA probes immobilized on a chip hybridize with
complementary sequences in the sample.

A Detectsmany pathogens or geas simultaneously
Applications:

A Respiratory and Gl pathogen panels.



A Detection ofvirulence andresistance genes
A Genomic typingin epidemiology.
5. NextGeneration Sequencing (NGS)

Principle:

High-throughput sequencing that can decedt@re genomesr mdagenomes, all DNA in a
sample.

Applications:

A Whole genome sequencing of bacteria or viruses.
A Detection ofmixed infectionsor rare pathogens.
A Outbreak investigation and tracking resistance evolution.

6. Hybridization-Based Methods.
a. Fluorescent In SituHybridization (FISH):

A Uses fluorescently labeled probes to bind to specific DNA/RNA sequences
within intact cells.
A Visualized using fluorescence microscopy.
b. Southern/Northern Blotting:

-Less commonly used; Southern for DNA, Northern for RNA.

-Hybridizaion of labeled probes to nucleic acid fragments.

C. Advantages of Molecular Diagnostics

High Sensitivity: Detects low pathogen loads.

High Specificity: Based on unique gene targets.

Rapid Turnaround: Minutes to a few hours.

Culture-Independent Detects faidious or unculturable organisms.
Multiplexing : Simultaneous detection of multiple pathogens.

Quantification: Provides viral/bacterial load for monitoring such as HIV, HBV.
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D. Limitations

Cost Expensive reagents and instruments.

Contamination Risk: High sensitivity increases false positives.
Requires Technical Expertise

Cannot distinguish between live and dead organismg,may detect non
viable DNA.

Limited resistance profiling compared to culture + susceptibility testing.
False negativesDue to mutatn in primer/probe target regions.

E. Examples of Clinical Applications
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Infection Type Molecular Test

Tuberculosis Xpert MTB/RIF (PCRbased NAAT)

HIV RT-PCR for viral load

Hepatitis B/C PCR for DNA/RNA quantification

COVID-19 RT-gPCR from nasopharyndeawabs

STls NAATs for Chlamydia trachomatjdNeisseria gonorrhoe:
Sepsis Multiplex PCR panels (e.g., FilmArray)

CNS infections PCR for HSV, enteroviruses in CSF

Antimicrobial resistanc PCR for mecA, vanA, bla genes

F. Point-of-Care Molecular Testing (POCT)

A Rapid NAAT platforms like:
-Cepheid GeneXpert Cepheid GeneXpert is a molecular diagnostic platform
that utilizesealtime PCR (Polymerase Chain Reactiortechnology to
provide rapid, accurate, and ¢asyse testing for a variety of infectidiseases
and medical conditions. The GeneXpert system is knownpfainit®f-care
capabilities, allowing tests to be performed directly at the site of patient care,
such as clinics, hospitals, or even remote locations. It is particularly beneficial for
quick diagnosis in urgent situatiens.

-Abbott ID NOW .-TheAb b ot t | DsakePitlyiBstrumebased

molecular diagnostic platform that utilizes isothermal nucleic acid amplification
technology (NAAT) to deliver qualitative results for infectio@sedssm as little

as 2 to 13 minutes. Its compact design and ease of use make it ideabfer point
care settings such as clinics, urgent care centers, emergency departments, and
physician offices

-BioFire FilmArray .system is an advancedyfautomated molecular
diagnostic platform developed by bioMérieux. It employs multiplex PCR
technology to detect a wide array of pathogens from a single patient sample,
delivering results in approximately one hour with minimal-tianidse

A Used in emergncy rooms, outpatient clinics, and resotligeted settings.
A Provide results within 3G0 minutes.



G. Integration with Clinical Microbiology

A Complementary to culture: Molecular tests offer rapid results, but culture
may still be required for:
A Antimicrobi al susceptibility testing
A Epidemiologic studies
A Phenotypic confirmation.
TAKEAWAY SUMMARY.

Molecular diagnostics have become indispensable in clinical microbiology. Techniques such
as PCR, gPCR, and NAATSs provithest, reliable, and highly sensitivgpathogen detection,
supporting early diagnosis, targeted treatment, and outbreak control. While-balsec:

methods remain essential for certain applicatiomdecular tools offer unmatched speed

and accuracy, shaping the future of infectious disease diggjos.

Serological and Immunological Methods in Clinical
Microbiology.

Serological and immunological methods are laboratory techniques thatatetbotlies or
antigensin patient specimens, primarily blood or serum. These methods are used to:

A Diagnosénfectious diseases

A Monitorimmune response

A Identify autoimmune disorders

A Screerblood donors
They rely on thentigen-antibody reaction, a highly specific binding between antigen
foreign molecule, such as pathogen protein, anahéibody immune preein produced by
the host.

A. Principles of Serological Testing

Antigens are substances, often proteins or polysaccharides that trigger an
immune response.

Antibodies with its types being IgM,1gG, IgA, are produced by the immune
system in response to argits.

Most serological tests are based onitheitro binding of a specific antibody

to its corresponding antigen.

This binding can be detected vigual changes, fluorescence, radioactivity,

enzyme reactions, or agglutination

B. Types of Serological andmmunological Tests.
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1. Agglutination Tests

Principle:



Antibodies cause visible clumping called agglutination of particulate antigens such as red
cells, latex beads.

Types:

A Latex agglutination: Latex beads coated with antigen or antibody.

A Slide agglutinaion: Used for blood groupingalmonellayping.

A Tube agglutination: Quantitative, like Widal test f@almonella typhi
Applications:

A Widal test for typhoid.

A Rheumatoid factor detection.

A Cryptococcus neoformansantigen detection.

A Meningitis and respiratory pathogensJatex agglutination kits.
2. Precipitation Tests

Principle:

Soluble antigen and antibody react to form an insoluble precipitate.

Forms:
A Radial Immunodiffusion (Mancini method): Quantifies antigen
concentration.
A Double Immunodiffusion (Ouchterbny): Qualitative analysis of antigen
antibody interaction.
Application:

A Diagnosis of fungal infections such ldstoplasmaCoccidioides
A Immunoglobulin quantification.

3. EnzymeLinked Immunosorbent Assay (ELISA)
Principle:

Detects antigen or antibodsing anenzymelabeled antibodyand asubstrate that
produces a color change

Types:

Direct ELISA : Detects antigens.

Indirect ELISA : Detects antibodies.

Sandwich ELISA: High-sensitivity antigen detection.
Competitive ELISA: For small antigens and hormoasgsays.
Applications:
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HIV, Hepatitis B and C, COVID -19 antibody/antigen detection.
Dengue NS1 antigenlgM/IgG.

H. pylori antibody detection.

Autoimmune disease markers such as Axticlear Antibody (ANA, Anti
double Stranded DNA.( artisDNA).
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4. \Western Blot
Principle:

Combinegel electrophoresisElectrophoresisis a laboratory technique useddparate
molecules(especialllpPNA , RNA, orproteins) based on thegize andelectrical charge It

works by applying atectric field to move the motailes through gel or liquid mediumand
antigen-antibody reaction to detect specific proteins. It basically use the law of like charges
repel, while unlike charges attracts.

Steps:

Proteins separated by electrophoresis.
Transferred to a membrane.

Incubaed with patient serum (antibodies).
Detected using enzyrabeled secondary antibody.

PwpnPR

Applications:

A Confirmatory test for HIV and Lyme disease
A Detection ofspecific viral or bacterial antigens

5. Immunofluorescence Assays (IFA)
Principle:
A Usesfluorescent dyelabeled antibodiesthat bind to specific antigens.
A Visualized under #uorescence microscope

Types:

1 Direct IFA: Antibody directly labeled.
T Indirect IFA : Secondary antibody is labeled.

Applications:
A Detection ofTreponema pallidugiegonella, Chlamydia
A Diagnosis ofautoimmune disease$ANA testing).
A Malaria, Leishmania, and certain viral infections.
6. Rapid Diagnostic Tests (RDTs) / Lateral Flow Assays

Principle:

Immunochromatographic strips detect antigens or antibodies widlbachange often as
lines.

Features:
A Simple, quick (results iniB0 minutes).

A Requires minimal training.
Applications:



HIV, HBV, HCV, Malaria, COVID -19 antigen and antibody testing.
Pregnancy testdor detecting HCGHCG stands foHuman Chorionic
Gonadotropin.
It is ahormone produced mainly by tipacentaduringpregnancy .

A Dengue NS1 antigen
7. Complement Fixation Test (CFT)
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Principle:
A Based on the consumption (fixation) of complement during anagébody
_ reactions.
A Absence of hemolysis indicat@ positive reaction.

Application:

A Historical usefor viral infections such aSoxiella, Histoplasma
A Less commonly used today.

8. Neutralization Tests
Principle:
Patient serum neutralizes the infectivity of a virus or bacterial toxin.
Types:
A Plague Rediction Neutralization Test (PRNT).
A Toxin neutralization test.

Application:

Confirmatory tests fomeaslesmumps, rabies, diphtheria.

C. Interpretation of Serological Results

Result Interpretation
IgM positive Recent or acute infection
IgG positive Pastinfection or immunity

Both IgM & IgG positive Ongoing or recent infection
Rising IgG titer (paired sera) Active/recent infection
Single high 1gG titer May indicate past exposure or vaccina

D. Advantages of Serological Methods

A Non-culture based Useful when pathogen is difficult to isolate.
A Detects immune responsddeal for latent, chronic, or past infections.
A Fast Some methods give results within minutes (RDTS).



A High sensitivity/specificity (especially ELISA and Western blot).
A Broad applicability: In infections, autoimmunity, allergy, and blood typing.

E. Limitations

Window period: May not detect early infection before antibody formation.
Crossreactivity : May cause false positives.

Cannot distinguish active vs. past infectiorfif only IgG is mesured).
Antibody response may be weak in immunocompromised patients
Require confirmatory testing such as HIV ELISA followed by Western blot
or PCR.

F. Common Serological Profiles in Clinical Microbiology
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Disease Test Marker Detected
HIV ELISA + WesterrBlot or PCR ﬁgt"H'V antibodies, p24
Hepatitis B HBsAg, antiHBs, antiHBcC Ag/Ab combinations
Hepatitis C  ELISA for anttHCV + PCR Anti-HCV antibody
COVID-19  IgM/IgG ELISA or rapid test SARSCoV-2 antibodies

- VDRL/RPR (screen), TPHA/FTABS Non-treponemal +
Syphilis .
(confirm) treponemal
Dengue NS1 Ag, IgM/IgG ELISA or RDT Antigen + antibodies
ToxoplasmosilgM and IgG ELISA T. gondii antibodies
TAKEAWAY SUMMARY.

Serological and immunological methods are essential tools oidgaosis, monitoring,
and epidemiological trackingof infectious diseases. With a wide range of applications,
from rapid point-of-care testingto highly sensitive ELISAs and confirmatory Western
blots, these methods offer critical support to clinical decisions. Howeverntheybe
interpreted carefully in theontext of clinical findings, timing of infection, and possible
crossreactions

Antimicrobial Susceptibility Testing (AST).

Antimicrobial Susceptibility Testing (AST) islaboratory method used to determine how
effedive specific drug such as antibiotics and antfungal are against a particular
bacterial or fungal isolate AST is essential for:

A Guiding clinical therapy.

A Monitoring resistance trends

A Surveillance of antimicrobial resistance (AMR)
A Outbreak investigations and infection control

A. Objectives of AST



1. Determine thesusceptibility pattern of pathogens.
2. Classify organisms a@usceptible (S), Intermediate (1), or Resistant (R)
3. Assist clinicians irselecting appropriate antimicrobial therapy.

Detectemerging resistance mechanismsuch a€£SBL stands folExtended-Spectrum
Beta-Lactamases

These arenzymes produced by certain bacterighat carbreak down and destroymany
beta-lactam antibiotics, especially:

-Penicillins
-Cephalosporins (especially 3rd generatika ceftriaxone, cefotaxime)
-Aztreonam

This makes the bacteria resistanto those antibiotics. ESBIMRSA stands for
Methicillin -Resistant Staphylococcus aureus
It is atype of Staphylococcus aureusacterium that hdsecome resistanto many
antibiotics, especiathethicillin and related antibiotics (like penicillin, amoxicMIRBA,
carbapenemas&arbapenemaseés a type oénzymemade by some bacteria that lmasak
down carbapenem antibioticsandmake the bacteria resistanto them.

B. Standard Guidelines

AST procedures and interpretations are standardized by:

A CLSI (Clinical and Laboratory Standards Institute) i widely used in the
US and globally.
A EUCAST (European Committee on Antimicrobial Susceptibility Testing)
T used in Europe anddreasingly worldwide.
Both organizations define:

A Breakpoints: MIC or zone diameter thresholds for S/I/R interpretation.
A Test standards Media, inoculum size, incubation conditions, etc.

C. Common Methods of AST.

1. Disk Diffusion Method (Kirby -Bauer Test)
Principle:

A Antibiotic-impregnated paper disks are placed on an agar plate inoculated with
the test organism.
A After incubationzones of inhibition (no growth) are measured in millimeters.
A Zone diameters are compared to standard tables to interpret S/I/R.
Procedure:

1. UseMueller-Hinton agar.
2. Standardize inoculum .5 McFarland turbidity .



3. Incubate at 3637°C for 16 18 hours.
4. Measure zone sizes using a ruler or caliper.

Advantages:

A Inexpensive and simple.
A Effective for many fasgrowing bacteria.
Limita tions:

A Not suitable for slowgrowing or fastidious organisms suchNesisseria
~ Haemophilus
A Less quantitative than MiBased methods.

2. Broth Dilution Methods

These measure tidinimum Inhibitory Concentration (MIC) : thelowest concentration
of an antimicrobial that inhibits visible growth.

a. Macrobroth Dilution:

A Performed in test tubes.
A Accurate but labemtensive.
b. Microbroth Dilution:

A Uses 96well microtiter plates.

A Each well contains a specific antibiotic concentration.

A Read visually or with autoated instruments.
Advantages:

A Quantitative (MIC value).
A Standardized and suitable for automation.
Application:

Used for bacteria, mycobacteria, and antifungal susceptibility.

3. Epsilometer Test (Etest)
Principle:

A Plastic strips impregiied with agradient of antibiotic concentrationsare
placed on an inoculated agar plate.
A After incubation, arelliptical zone of inhibition forms.
A TheMIC is read at the point where the ellipse intersects the strip
Advantages:

A Simple and provides eaMIC.
A Useful for fastidious organisms.
Limitations:

Costlier than disk diffusion.



4. Automated AST Systems
Examples:

A VITEK 2 (bioMérieux)- VITEK 2 is acomputerized systenused in clinical
laboratories tajuickly identify bacteria or fungi andtesttheir antibiotic
resistance

It tells you:

-What microorganism is causing the infecon
-Which antibiotics can kill it

BD Phoenix- BD Phoenixis anautomated laboratory machinsed tadentify bacteria or
fungi andtest their antibiotic or antihgal susceptibilityery similar to VITEK 2.

It tells you:

T Which microorganism is causing the infection.
T Which antibiotics will work against it.

MicroScan WalkAway.- MicroScan WalkAway is anautomated laboratory machinethat
helps:

1 Identify bacteria or yeastcausing infections.
T Test which antibioticscan kill or stop the microorganism.

It gives bothID (ldentification) andAST (Antibiotic Susceptibility Testing).

Sensititre. Sensititre is amanual or semiautomated systenused taest how sengive
bacteria or fungi are to antibiotics.
It is especially used favlIC testing (Minimum Inhibitory Concentration ).

It does notmainly identify the bacteria,tests how much antibioticis needed to stop the
bacteria.

Features:

A Automated inoculatiorincubation, reading, and interpretation.
A Fast results (withini4l8 hours).

A Integration with Laboratory Information Systems (LIS).
Limitations:

A Expensive.
A May misclassify some resistance mechanisms, must confirm with phenotypic
or molecular tests.

D. Special AST Tests for Resistance Detection



1. Betalactamase Tests
Nitrocefin test: Rapid detection of betactamase production.
2. ESBL (ExtendedSpectrum BetalLactamase) Detection

1 Double-disk synergy test Synergy between clavulanic acid and cephalospo
T Combination disk method

3. Carbapenemase Detection

Modified Hodge Test (obsolete)

Carba NP test

mCIM (Modified Carbapenem Inactivation Method).
Molecular methods(PCR for KPC, NDM, OXA48 genes).

=A =4 =4 =4

4. MRSA Detection

1 Cefoxitin disk test,preferred owexacillin.
1 PCR formecAor mecCgene.

5. Vancomycin Resistance (Enterococci)

1 Vancomycin screen agar.
T PCR forvanA/vanB genes.

E. Antifungal Susceptibility Testing

Methods similar to bacterial AST.

UseRPMI 1640 medium

Fungi testedCandida spp.Aspeugillus spp.

Antifungals: Fluconazole, Voriconazole, Amphotericin B, Echinocandins.
MIC determination is critical imnvasive fungal infections
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F. Interpretation of AST Results

Term Meaning
Susceptible (S) Pathogen is likely to be inhibited at standantibiotic doses
Intermediate (I) Uncertain response; higher doses may be effective
Resistant (R) Pathogen not inhibited at achievable concentrations
MIC Lowest concentration of drug inhibiting visible growth
Breakpoints  Standard MIC or zone diametéwrésholds for S/I/R classificatir



G. Factors Affecting AST Accuracy

Inoculum size

Medium composition (Mueller-Hinton agar for most tests).
pH and cation content

Incubation temperature and time.

Antibiotic disk potency.

Human error like incorrect measrement, contamination).
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H. Clinical Relevance

A AST results must be interpreteddimical context:
-Site of infection.

-Host immune status.
-Drug pharmacokinetics/pharmacodynamics (PK/PD).
-Local resistance patterns known as antibiograms.

A Helpsprevent misuse of antibiotics thus reducing resistance.
TAKE AWAYA SUMMARY.

Antimicrobial Susceptibility Testing (AST) is@rnerstone of modern infectious disease
management By accurately identifying effective antibioticsgides therapy, tracks
resistance and supports antimicrobial stewardship. With rising antimicrobial resistance
globally, AST plays an increasingly vital role in public health and patient care.

Antimicrobial Stewardship (AMShneans usingntibiotics(and other antimicrobialsyisely
and respnsiblyto:

T Treat infections effectively
1 Prevent antibiotic resistance
1 Protect patient safe

Goal: Use theight drug, at theright dose, for theright duration , for theright infection.

BACTERIOLOGY.

Bacteriology is the branch of microbiology thdeals with the study of bacteria,
including their classification, structure, metabolism, genetics, pathogenecity,and their
role in human disease

Bacterias are of clinical significance as they cause a wide range of human infections,
from minor skin infedbns to lifethreatening diseases like tuberculosis and
meningitis.

What is a Bacteria?



A bacteria is a type of very small single celled organism. They are prokaryotes meaning
their cells do not have a nucleus or organelles surrounded by membran#selnsteda
DNA which was supposed to be inside the nucleus floats freely inside the cell.

The key features for prokaryotes are the followings.

A No nucleus Their DNA floats freely in the cytoplasm, usually in a region
called thenucleoid.

A No membranebound organeles They don't have structures like
mitochondria, endoplasmic reticulum, or Golgi apparatus. These are
organelles, structures in the cell with specific functions which are not
surrounded by membranes.

A Small size They are generally much smaller than eyktc cells, usually
0.1i 5 micrometers.

A Cell wall: Most have a strong cell wall madepsptidoglycan compound
made up of chain of protein and carbohydrate that gives them shape and
protection.

A Simple structure: Their cell structure is basic compared to
eukaryotes,Euryotic cells are more advanced and specialized.

A Ribosomes They have70S ribosomesmaller than the 80S ribosomes found
in eukaryotes. Ribosomes are organelles responsible for making proteins.

A Plasmids Many carry extra small loops of DNA callplasmids that often
provide advantages like antibiotic resistance. These are parts carrying
information for making a defense against protein such as capsule.

A Reproduction by binary fission: They reproduce quickly by simply splitting
in two.

A Some have flgella or pili: These are structures used for movement or
attaching to surfaces.

BACTERIAL CELL

Capsule Cell Wall

Fimbriae | l e

Membrane

Nucleoid ’
Ribosomes

CLASSIFICATION OF BACTERIAS .
Classification of Bacterias is based on various features such as
A Shape. They can be cocnishape meaning spherical, Bacilli meaningshdped and

spirilla also known as spirochetes meaning they are spiral in shape.
1.Cocci (Spherical bacteria)



Neisseria meningitidisY causes meningitis.
Neisseria gonorrhoeae causes gonorr hea.

1 Staphylococcusaureu¥ causes skin infections, pneunmn
1 Streptococcus pyogene¥ causes strep throat, scarl et
1 Streptococcus pneumoniad causes pneumoni a, meni ngit.i
1

1

2.Bacilli (Rod-shaped bacteria)

Escherichiacoli(E.col)Y causes urinary tract infecti
Mycobacterium tuberculosisY causes tubercul osi s.
ClostridiumtetaniY causes tetanus.

SalmonellaentericaY causes food poisoning, typhoid
Corynebacterium diphtheriaeY causes di phtheria
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3.Spiral-shaped bacteria (Spirilla, Spirochetes)

1 TreponemapallidumyY causes syp
1 Borreliaburgdorferi Y causes Lym
1 HelicobacterpyloriY causes pept

BACTERIA

CLASSIFICATION BY SHAPE

COCCUS BACILLUS

SPIROCHETE

A Classisifaction based on Gram positive and Gram Negative staining. Meaning the
appearance of the cytosol of a bacteria after colorization by a dye so as to increase
visibility under the microscope.

1.Gram-positive bacteria(stain pure)

1 Cocci (spherical) i
o Staphylococcusaured$ causes skin infections, pn
o Streptococcus pyogen¥s causes strep throat



1 Bacilli (rod-shaped) )
o Clostridium tetanh( causes tetanus
o BacillusanthracisY causes anthr ax.

2.Gram-negative bacteria(stain pink/red)

1 Cocci (spherical)
o NeisseriameningitidY causes meningitis
o Neisseriagonorrhoea¢ causes gonorrhea
1 Bacilli (rod-shaped)
o Escherichiacoli (E.colif causes wurinary tract infec
o Salmonellatyphf causes typhoid fever
o Klebsiellapneumonia¢ causes pneumoni a.

GRAM-POSITIVE  GRAM-NEGATIVE

A Classification Based on Oxygen requirement, we have aerobes need oxygen as a fuel
for burning a substrate to release energy in their mitochondria.Anerobes do not need
oxygen for energy generation within the mitochondria.Fucultativeebaatan live on
both in the presence and absence of oxygen. When oxygen is absent they can carry
out a respiratory process, burning of a substrate to release energy via fermentation a
process known as anaerobic respiration.

Obligate aerobeqgneed oxygena survive)

1 Mycobacterium tuberculos® causes tubercul osi s
1 Pseudomonas aeruginofa causes wound and |l ung infect

Obligate anaerobegcannot survive in oxygen)

T Clostridium tetaniY causes tetanus
¢ Clostridium botulinun¥ causes botul i sm.

A ClassificationBased on Spore formation.
Spore formation in bacteria is when some bacteria produce a special, tough, dormant
structure called aporeto survive harsh conditions like extreme heat, dryness,
radiation, or chemicals. Spores are very resistant and canestoviyears until the
condition change to favor the bacteria again likeak&ilability of moisture and



nutrients, during this time the spore can wake up and turn back into active bacteria
cell. This process is called germination. Not all bacterias &pones only certain
kind of bacteria can.

BACTERIAL SPORE

Endospore

Clinically important spore -forming bacteria:

9 Clostridium tetaniy causes tetanus
1 Clostridium botulipum{ causes botulism
¢ Bacillus anthracisY ¢ a argheas.

Classification of Medically Important Bacteria

By Gram Stain and Shape

Classification Examples
Gram-positive cocci Staphylococcus aureuStreptococcus pyogenes
Gram-positive rods Clostridium spp.Bacillus anthracisCorynebacterium diphtheréa
Gram-negative cocc Neisseria gonorrhoeadleisseria meningitidis
Gram-negative rods Escherichia coliKlebsiella pneumonigé®>seudomonas aeruginos
Acid-fast bacilli Mycobacterium tuberculosis
Spirochetes Treponema pallidunsyphilis),Borrelia burgdorferi (Lyme disease

Bacterial Structure and Functions.

1 Flagella
o For motility.
T Pili/Fimbriae:
o For adhesion to surfaces and tissues.
1 Capsule
o Polysaccharide layer; afpphagocytic.
1 Spores



o Highly resistant dormant structures (e@lgstridium Bacillus).

Bacterias possess certain features and functions which help to master a respective
environment and survive. The following are the structures with their respective functions.
A Cell Wall.
-It is made up of peptoglycan layer and teichoic acids. i§has inner layers which
helps on Gram stain positive.
-The layer is made up of thin peptoglycan with polycharrides helps the bacteria to
release endotoxin and the part gives Gidegative on staining.
A Cell Membrane.
The cell membrane in bacteria also edlplasma membrane is mainly composed of
-Two layers of phospholipid, substance made up of fats with head and tail.
-Proteins found embedded in the bilayer. The main functions of these proteins within the
cell membrane is to facilitate transportation otteni@ls inside and out the cell selectively
and for sensing the environment.

Main functions of the bacterial cell membrane:

1. Barrier
o It separates the inside of the cell (cytoplasm) from the outside environment.
2. Selective transport
o It controls whaenters(like nutrients) anexits (like waste) the cell.
3. Energy production.
o ltdés wher e | mp oesgraionf makng aTPédapgeains | i k e
bacteria, since they don't have complete developed mitochondria).
4. Sensing the environment
o Special proteins detect@ahges in the surroundings (like food or toxins).
5. Cell division.
o It helps in forming new cells during binary fission.

A Flagella .
Flagella are structures long and wdilge in shape found in some bacteria and also in other
prokaryotes which help them to movihey are made up of protein called flagellin and they
rotate like propeller to push the bacterium through liquids, like blood, mucus or water.

Role of flagella in disease&ausing (pathogenic) bacteria:

T  Movement toward targetssite like to the tissues
Flagella help bacteria move toward favorable environments or nutrients. Or simply
moving in response to the site of its nebémotaxis

1 Escaping the immune system
This kind of Motility brought by flagella can help bacteria avoid being destroyed by
immune cés.

1 Colonization and invasion
Flagella allow bacteria to reach and attach to tissues, starting infections.

1 Biofilm formation :
Some bacteria use flagella to move and find surfaces where they canidtihmms
.(sticky bacterial communities that are haydreat with antibioticslexamples of
flagellated, diseasecausing bacteria:



1 Helicobacter pyloriuses flagella to burrow into the stomach lining (causing ulcers)
Escherichia col(some typesjuse flagella to reach and infect the urinary tract
1 Salmonellamoves through the intestine to cause food poisoning.

=

Fimbrae or pili are short hair -like structures on the surface of bacteria. They are

made of protein and they are typically smaller than flagella. There are two types of

pilli, Fimbrae they are shornd many in number used for attachment on the surface

of the tissue that is affected by a bacteria.Sex pilli longer and fewer in number used

for DNA transfer during binary fission. Pilli helps bacterias to stick together into

cluster and form a biofilm, a@ehanism which make bacteria harder and difficult to
detach and treat. Pilli is among the important virulence factors for bacterias, meaning

it helps them in a diseases causing scene by enabling the bacteria to adhere to host cell
and establishing infectis.

A Mesosomes are infoldings of bacteria cell membrane. Recent studies suggest that
mesosomes might not be actual, functional structures. Some scientists think they are
justartifacts formed during the preparation of bacterial samples for electron
microsc@y, rather than being naturally occurring parts of the cell.

Instead of mesosomdsacteria use other structures likbe cell membraneand
plasma membrane invaginationgo carry out functions like energy production and
DNA replication.

A Cytoplasm, it is aiscous watery solution or soft gell containing a variety of organic
solutes. It supports cellular structure like ribosomes, nutrient granules, metabolites
and nucleoid materials.

A Ribosome it is a site for protein synthesis, this protein is needed fousactivities
of bacterias such as formation of various parts of a bacteria.

A DNA in bacteria contains thgenetic instructionsthat are necessary for the bacteria
to survive, reproduce, and sometimes cause disease. In pathogenic bacteria, DNA is
responsike for several important functions:

-Storage of genetic information.

-Production of protein. These protein are essential for bacterial structure, metabolism and
function. Some of these proteins can be virulence factors.

-Transfer of resistance genes. Tlyaye new produced bacteria this genetic materials during
binary fission. These genes provide formation of resistance mechanism against the antibiotic
when they are in produced bacteria.

-Some DNA carries genes that encode for virulence factors such asdapsule formation
and adhesion proteins.

Bacteri al Growt h and

Bacterial Growth.



Bacterial growth refers to an increase in the number of bacterial cells not an increase in the
size of individial cells. Bacteria reproduce primarily by binary fission, a form of asexual
reproduction. The Binary fission process comprises of the following.

1. DNA replication i the bacterial chromosome duplicates to ensure each new daughter
cell to be produced contaihis genetic materials.

2. Cell elongationi the cell grows and prepares for division.

3. Septum formationi the plasma membrane and cell wall begin to grow inward.

4. Cell divisionT two genetically identical daughter cells are formed.

Phases of Bacterial GrowthCurve.

A Lag Phase;
In this phase metabolic activities occur but there is no cell division. Bacteria
adapt to the new environment.

A Log Phase (Exponential phase).
There is rapid cell division, growth rate is maximal and constant.

A Stationary Phase;Nutrient deletion and waste accumulation slow growth.
In this phase cell division is equal to the cell death.

A Death (Decline) PhaseCells die at an exponential rate due to unfavorable
condition.

Generally in clinical infections Bacteria are usually in logtatignary phase.

Factors Affecting Bacterial Growth:

A Temperature: Most human pathogens areesophiles meaning their
enzymes function well at a temperature below 37C,an optimum temperature.
Above this level they will be destruction of protein within itaisture.

A PH VALUE. Most Bacteria prefer neutral PH ranging from-8.5.They
cannot survive well in acidic condition, and also in alkali condition as the
immune system is more active in alkaline condition.

A Oxygen availability. It mainly refers to the neddr the presence or absence
of oxygen to carry out their metabolic activities.
-Obligate aerobesthey require oxygen for their energy production
mechanism.
-Obligate anaerobesthey do not need oxygen for energy production as
oxygen is toxic to these bacia.
-Facultative anaerobesthey can grow with or without oxygen.
-Microaerophiles,They need low oxygen level.
-Aerotolerant anaerobesthey do not use oxygen but they do tolerate its
presence.

A Nutrients: Availability of these nutrientsGarbon, nitrogensulfur,
phosphorus, trace elements, vitamins.

A Water activity: Required for enzymatic activities, so presence of water may
favor its growth.



Bacterial Metabolism.

Metabolism is thesum of all chemical reactionccurring in a bacterial celit is term used
to refer all life activities taking place in a living cell. It involves two major processes:

A Catabolism, breaking down molecules to generate energy.
A Anabolism, building up complex molecules from simpler ones using energy.

Key Metabolic Pahways:

a) Glycolysis (EmbdenMeyerhof pathway)-It is a breaking down of glucose containing the
following,

A Converts glucose intpyruvate.

A ProduceATP andNADH.

A Occurs in both aerobic and anaerobic bacteria.
b) Fermentation

A Occurs in the absence of oxygen
A Pyruvate is converted into various emaducts such as lactic acid, ethanol.
A No additional ATP beyond glycolysis.
A Important for identifying bacteria based on fermentationgoducts.
c) Aerobic Respiration,meaning energy production by using oxygen.

A Pyruvate enters thirebs cycleandelectron transport chain (ETC).

A Oxygen is the final electron acceptor.

A Produces much more ATP compared to fermentation.
d) Anaerobic Respiration,occurs in the absence of oxygen what burn a substrate to release
energy isanother chemical like nitrate and sulfate.

A Similar to aerobic respiration, but arorganic moleculeother than oxygen is
the final electron acceptor.

Energy Yield Summary:

Pathway Final Electron Acceptor ATP Yield
GchonS|s_+ Organic moleales 2ATP
Fermentation
Aerobic respiration (@) (oxygen) 361 38 ATP
Nonoxygen inorganic Variable ATP (less than

Anaerobic respiration :
compounds aerobic)

Metabolic Products and Their Importance:



A Aci ds, gases such as carbondioxi,ed and
they are helpful in some testw fdetecting bacterias in a category of chemical
Tests.

A PigmentsPseudomonas aeruginopeaoduces green pigment pyocyanin.

A Toxins such aClostridium botulinunproduces botulinum toxin.

A Enzymessuch as catalase, coagulase, useful in bacterial identification

Special Types of Bacterial Metabolism

A Photosynthesis:Some bacteria (cyanobacteria) use light energy.

A Chemolithotrophy: Some bacteria use inorganic cC:
as an energy source.

A Nitrogen fixation: Conver si on of atmospheric nitr
(NH ) by RREzobdiumri a | i ke

Take away Summary.

A Bacterial growth is mainly by binary fission, shiag a typical fourphase
curve.

A Metabolism supports energy production and biosynthesis.

A Understanding growth and metabolism helps in antibiotic design, infection
control, and bacterial identification.

Laboratory Diagnosis of Bacterial Infections
1. Sample Collection

A Sterile technique; proper transport media.
2. Direct Microscopy.

A Gram staining.
A Acid-fast staining such ddycobacterium tuberculosis
3. Culture Techniques

A Media: Nutrient agar, Blood agar, MacConkey agar.
A Conditiors: Aerobic vs anaerobic incubation.
4. Biochemical Identification:

A Catalase, coagulase, oxidase tests.
A Sugar fermentation tests.
A Urease, citrate utilization tests.

5. Molecular Methods

A PCR (Polymerase Chain Reaction).
A DNA probes.
6. Serology

A Detection of antibodies such as Widal test$aimonell3.



Common Diagnostic Tests for Medically Important Bacteria

. Hemolysis
. Gram Catalase Coagulase Oxidase y
Bacteria : on Blood
Stain Test Test Test
Agar
Gram
taphyl . " " . B
Staphylococeus positive  Positive Positive Negative eta .
aureus ) hemolysis
coca
Gram Gamma
Staphylococcus . . . , :
: . positive  Positive Negative Negative hemolysis
epidermidis .
cocci (none)
Streptococcus Gram Bet
pyogenes (Group positive  Negative i Negative .
) hemolysis
A) cocci
Streptococcus Gram Beta
agalactiae (Group positive  Negativei Negative hemolysis
B) cocci (weak)
Gram Alpha
Streptococcus . R : .
. positive  Negativeii Negative hemolysis
pneumonia . .
diplococci (green)
Gram Gamma or
Enterococcus " o ,
. positive  Negative i Negative alpha
faecalis : .
cocci hemolysis
: . Gram
Neisseria . ~ o
negative A Positive i
gonorrhoeae . .
diplococci
, . Gram
Neisseria . ~ T
N negative n n Positive i
meningitides . :
diplococci
Gram
Escherichia coli negative f A Negative Variable
rod
. ram
Klebsiella Gra . ~ L
. negative n n Negativen
pneumonia

rod

Special Notes

Golden
colonies

Novobiocin
sensitive

Bacitracin
sensitive

CAMP test
positive

Optochin
sersitive

Growth in
6.5% NaCl

Grows on
ThayefMartin
agar

Maltose
fermentation
positive

Lactose
fermenter (pin
on MacConke
agar)

Mucoid
colonies,



Bacteria

Proteus mirabilis

Pseudomonas
aeruginosa

Salmonella spp.

Shigella spp.

Clostridium
perfringens

Clostridium tetani

Mycobacterium
tuberculosis

Corynebacterium
diphtheria

Key:

Gram

Stain Test

Gram
negative n
rod

Gram
negative
rod

ot

Gram
negative N
rod

Gram
negative n
rod

Gram
positive rof
(anaerobe’

Positive

(weak)

Gram
positive rocPositive
(anaerobe

Acidfast
bacilli

Gram .
. Positive
positive rot

Catalase Coagulase Oxidase

N

=]

=]

A

Test Agar

Negative i

Beta

Positive .
hemolysis

Negative i

Negative i

Double
Negative zone of
hemolysis

Negative i

=1
N

Negative i

1 Betahemolysis: Complete clearing (bright zone).

Hemolysis
on Blood Special Notes

lactose
fermenter

Swarming
motility, ureas
positive

Green pigmer

(pyocyanin),
grape odor

H S productio
(black colonie
on Hektoen
agar)

NoHS
production

Lecithinase
positive

"Drumstick"
appearance

ZiehFNeelsen
stain positive

Clubshaped,
"Chinese
letter”
arrangement



Alpha-hemolysis:Greenish partial clearing.
Gammahemolysis:No hemolysis.

A : Test not routinely performed or not applicable.
MacConkey agarDifferentiates lactose fermenters.
H S production:Detected by blackening of media.
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Bacteri al Pat hogenesi s
| mportant Bacteri a.

Pathogenesis is the process by which bacteria cause disease to the host. It involves entry,
colonization, evasion of host defensasgd damagéo the fost tissues and transmission to the

new host. The point to note is, not all bacterias are pathogenic, some are normal flora and can
only cause disease when they are displaced from their normal living site.(Dysbiosis).So they
are opportunistic pathogens.ghod example here is E coli, which causes UTI when

displaced from the gastrointestinal tract and migrate to the Urinary tract.

Mechanisms of Bacterial Pathogenesis

A. Entry into the Host

1 Routes of entry:

Inhalatione.g., Mycobacterium tuberculosis

Ingestione.g., Salmonella enterica

Direct inoculation (wounds, needlesticks)

Sexual transmissioa.g., Neisseria gonorrhoeae

Vertical transmission (mother to chile,g., Group B Streptococqus

O O O O O

B. Adherence to Host Cells

1 Mediated bypili, fimbriae, adhesns.
1 Prevents bacterial clearance by host mechanisms (e.g., ciliary action, flushing by
urine).

C. Invasion of Host Tissues

T Some bacteria invade and multiply inside host cells (eigieria monocytogengs
T Others produce enzymes likgaluronidase, collagenaseo break down tissues.

D. Evasion of Host Immune System

1 Capsule productione.g.,Streptococcus pneumoniaesists phagocytosis.
1 Antigenic variation e.g.,Neisseria gonorrhoeae&hanges surface proteins.
1 Secretion of enzymes

o IgA protease (cleavegesretory IgA)

o Leukocidins (destroy white blood cells)

E. Damage to the Host



1 Direct Damage tissue destruction by bacteria or toxins.
T Indirect Damage: overstimulation of immune responses causing tissue injury.

Bacterial Virulence Factors

Virulence Factor Function Example

Toxins Cause direct cell injury Botulinum toxin, Diphtheria toxi
Adhesins Bind bacteria to host cells ~ Fimbriae inE. coli

Capsules Prevent phagocytosis Capsule irKlebsiella pneumonie
Enzymes Degrade host tissues Hyaluronidase, Collagnase

Invasion factors Help penetrate host barriers Invasins inSalmonella
Endotoxin (LPS) Triggers systemic inflammaticFound in Grarmegative bacteri¢

Types of Bacterial Toxins
A. Exotoxins

1 Produced and secreted by bacteria (mostly Graaitive).

T Highly potent and specific.

1 Examples:

Botulinum toxin T flaccid paralysis.

Tetanus toxini spastic paralysis, massive muscle stiffness.

Diphtheria toxin T inhibits protein synthesis.

Cholera toxin T causes massive watery diarrhea, by reversing the osmosis
process, instead of water being absorbed from the lumen to the blood vessel
the process is reversed and water will be coming back to the lumen from the
vessel.

O O O O

B. Endotoxins

T Part of the outer membrane of Gramgative bacteria (lipopolysaccharidePS).
1 Rdeased during bacterial lysis.
1 Causes fever, shock, and disseminated intravascular coagulation (DIC).

Important Medically Significant Bacteria and Their
Diseases

Bacterium Disease
Staphylococcus aureus  Skin infections, sepsis, toxic shock syndrome
Strepbcoccus pyogenes Pharyngitis, rheumatic fever, impetigo
Streptococcus pneumonia Pneumonia, meningitis, otitis media
Neisseria gonorrhoeae  Gonorrhea
Neisseria meningitidis Meningitis, meningococcemia



Bacterium Disease

Escherichia coli Urinary tract infections, neonataleningitis, diarrhea
Salmonella typhi Typhoid fever
Shigella spp. Bacillary dysentery

Pseudomonas aeruginose Burn infections, pneumonia (especially in cystic fibrc
Clostridium tetani Tetanus

Clostridium botulinum Botulism

Mycobacterium tubercul@s Tuberculosis

Treponema pallidum Syphilis

Host Factors in Bacterial Infection

T Immunity status: Immunocompromised individuals are more susceptible (e.g.,

HIV/AIDS patients).
T Normal flora disruption: Antibiotic use can predispose to infections (e.g.,
Clostridioides difficilecolitis).

T Physical barriers: Intact skin and mucosa are primary defenses against bacterial

invasion.

TAKE AWAY SUMMARY.

Bacterial pathogenesis is a complex interaction between bacterial virulence and host

defenses.

Understanding thesprocesses provides the basis for diagnosis, treatment, and prevention of

infectious diseases.

Major Bacterial Pathogens and Diseases

Bacteria Disease
Staphylococcus aureus  Skin infections, pneumonia, sef
Streptococcus pyogenes Pharyngitis, rheumatifever
Streptococcus pneumonia Pneumonia, meningitis
Neisseria meningitidis Meningitis
Neisseria gonorrhoeae  Gonorrhea

Escherichia coli UTI, gastroenteritis
Salmonella typhi Typhoid fever
Shigella spp. Bacillary dysentery
Vibrio cholerae Cholera
Mycobacterium tuberculos Tuberculosis
Clostridium tetani Tetanus

Clostridium botulinum Botulism



Bacteria Disease
Helicobacter pylori Peptic ulcers
Bordetella pertussis Whooping cough
Treponema pallidum Syphilis

Borrelia burgdorferi Lyme disease

Vaccines Against Bcterial Diseases,

Vaccine is a clever design of a substance that stimulate an
Immune system to act upon, it is also known as an antigen, it
can be a deactivated pathogen or its fragment or certain
protein. The purpose of a vaccine is to train the immune
system on how to act rapidly and timely when the same kind
of identified pathogen gets an access into the body in future. It
simply means kill an antigen quickly before it causes disease
in the body.

How it works?

1.0nce any antigen is introduced in the lannbody,B
lymphocytes will proliferate into plasma and memory cells.

2.Plasma cells screte antibodies against the specific
antigen.An antibody is a protein iniéhape usually

surrounds and coat an antigen at specific sites known as
epitopes.Epitopes araénding sites for the antibodies in an
antigen surface.This kind of coating is called opsunization,it
will on turn activate more immunological cascades where
macrophages such as neutrophil or monocytes will come and
make an uptake the antigen antibody carhe process
known as phagocytosis or simply cell eating.

3. The macrophage which engulfed the antigen usually have a
lysosome. This is an organelle within the macrophage cytosol
which synthesizes hydrolytic enzymes .These hydrolytic



enzymes breaks dovan antigen into fragments within the
cytosol of a macrophage.

4. During all this process the memory cell is at aside
witnessing and recording the formula used by macrophages to
destroy the antigen. Next time when the same pathogen
(Antigen) gets an accesdo the body will be destroy quickly

as memory cell gives the information on how the pathogen
was destroyed. It is from here that the immunity against the
particular microorganism is built. This mechanism explains
why someone can have only certain infectonce in life.

Vaccines are produced using modern genetic engineering and
the following are examples.

DPT vaccine (Diphtheria, Pertussis, Tetanus).
Pneumococcal vaccin&ireptococcus pneumonjae
BCG vaccine lycobacterium tuberculosis
Meningococcal accine Neisseria meningitidjs
Typhoid vaccine $almonella typbhi

I > >

Antibiotics and Antimicrobial Resistance.

1 Antibiotic or antimicrobial resistance is the ability of disease causing microorganism such
as bacterjaviruses, fungi, @arasites to surviead grow despite the presence of drugs
that are meant to kill or inhibit thethismakes infections harder to tréég&chanisms
of Antibiotic Action :

Antibiotics works by targeting via destructing and interference of bacterial structure
and metabolic agtities, eliminating a survival chance for the bacteria. The following
are various forms of antibiotic actions.

1. Inhibition of cell wall synthesis good example is penicillin.

2. Inhibition of protein synthesis good example is Tetracycline.

3. Interferingand destructing the nucleic acid synthesis good example is
Fluoroquinolones.

4. Disruption of cell membrane, meaning the drug works to destroy a bacterial
membrane so as to eliminate the transportation of materials in and out it. Good
example here is Polyywin.



How the Bacterial outsmart the action of antibiotic and cause resistance.

1. The bacteria produces enzymes which disrupt the action of the drug
administred.Good example is Beta lactamase produced byeaaibaghich opens
the ring of penicillin and cephalosporin and therefore destroy the drug power to
destroy the bacteria.

2. Effux Pump. The bacteria possess, Efflux pump. This is a pébtesed transport
system in the cell membrane of bacteria that aetipells antibiotics and other
toxic substances out of the cell, contributing to antimicrobial resistance.

3. Mutation of target sites. The bacteria take a clever study against the action of the
drug introduced to kill it.One it understand the target site witierelrug molecule
is designed to attack, it changes the genetic information in the respective gene, to
ensure that in the new produced bacterial cells the target site is translocated,not in
a place it used to be. So when the drug-mt®duced it willbe harmless as a site
to destroy is no longer at position.

Mechanisms of Mechanisms
Antimicrobial Action of Resistance
P Altered -~  Efflux

\ target / N pump
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I mth DA Redncnd
Interference | wmoahny
with DNA $=—+ ‘ Enzyme |
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\ Disruption \ 6 ,‘
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Disruption membrane =
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4. Plasmidmediated transfer of resistance genes is a process where bacteria share
small, circular DNA molecules called plasmiddsften carrying antibiotic
resistancgene® with other bacteria through mechanisms like conjugation,
enabling rapid spread of resistance.

How It Works:

1. Donor Cell: A bacterium carrying a plasmid with antibiotic resistance genes.



2. Pilus Formation: The donor cell extends a pilus,a tdlk® structure,to connect with
a recipient cell.

3. Plasmid Transfer: A copy of the plasmid is transferred through the pilus into the
recipient cell.

4. Recipient Cell Now equipped with the resistance genes, the recipient becomes
resistant to specific antibiotics.

Sterilization and Disinfection

A Sterilization:
-Complete destruction of all microorganisms.

-Methods: Autoclaving (steam undatessure), dry heat, gas sterilization.

A Disinfection:
-Reduction of microbial load on surfaces.

-Methods: Alcohols, chlorine, glutaraldehyde.

A Antisepsis
-Use of chemical agents on living tissues like iodine.

Pressure Regulating Device

Autoclave Lid

l Pressure Gauge Safety Valve

Handles

Autoclave Body

Steam Release Valve
Vacuum Release Valve

<+ Quter Stand
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These diagram highlights the following parts:

A Pressure Regulating DeviceControls the internal pressure to ensure safe
operation.

Pressure GaugeDisplays the pressure inside the autoclave chamber.
Safety Valve Releases pressure if it exceeds safe levels.

Autoclave Lid: Seals the chamber during sterilization.

Handles Used to open and close the lid safely.

Autoclave Body. The main chamber where items are placed for sterilization.
Steam Release ValveAllows steam to escape after sterilization.

Vacuum Releag Valve Releases vacuum pressure to equalize internal and
external pressures.

Outer Stand: Supports the autoclave structure

> D> D> >

Extra Tips for Master|
Bacteri ol ogy:

Know the Gram status (positive/negativepf important pathogens.
Memorize key biochemical testsfor identification.

Understand clinical presentationdinked to specific bacteria.
Practice culture techniquesf you are in a lab environment.

Stay updated on antimicrobial resistance trends

QUI CK SUMMARYO MEBLEAL
BACTERI OLOGY
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Feature Gram-Positive Bacteria Gram-Negative Bacteria

Cell Wall Thick peptidoglycan, teichoic acid Thin peptidoglycan, outer LPS
membrane
StaphylococcysStreptococcus E. coli, Neisseria Salmonella

Examples Bacillus Clostridium Shigella
Colpr on Gram Purple Pink/Red
Stain
Toxin Type Mostly exotoxins Endotoxins (LPS) + Exotoxins
Taf.g‘?t . Penicillins, Cephalosporins Extendees p e ¢ t-lactams, b
Antibiotics carbapenems

EASY MNEMONI CS FOR MEM



Thi s I s an abbreviated
bactericalofi mploirmiance

1. To r e me nthoesri tdrvaem Bact
Jus oPhesxaailyti ve PEACe st a

Peptostreptococcus
Enterococcus
Actinomyces
Clostridium
Staphylococcus
Bacillus.
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2.Catalase Test.To remember microorganisms which Test catalase
positive Justsy 66 Cat s Need PLACEs to Hide.

1 Catalasepositive organisms:
o Pseudomonas

Listeria

Aspergillus

Candida

E. coli

Staphylococcus

O O O O O

3. Oxidase Positive Organisms

"Neisseria, Vibrio, Pseudomonas, and Campike oxygen."
Neisseria

Vibrio

Pseudomonas

Campylobacter.

=A =4 =4 =4

4. Encapsulated Bacteria.

Just say' Some Killers Have Pretty Nice Capsulé's

Streptococcus pneumoniae

Klebsiella pneumoniae

Haemophilus influenzae type b

Pseudomonas aeruginosa

Neisseria meningitidis

Cryptococcus neoformans (fungus but often included)

=A =4 -4 =4 -4 4



Gram-Negative Bacteria.

Grami negative bacteria are a group of bacteria that do not retain the crystal violet used in
Gram staining method. They instead take up a counterstain known as safranin and appear
pink or red under microscope. This staining characterstice to their unique cell wall
structure particularly the thin peptidoglycan layer and presence of an outer membrane.

Features of peptidoglycan layer.

A Peptidoglycan layer is thin estimated t@dm thick.

A It possess an outer membrane containing lipcgaagharide.(LPS).

A Periplasmic space between outer membrane and cytoplasmic.

A The layer is very resistant to antibiotic due to its outer membrane barrier.

Gram-Negative Bacteria of Medical Importance

Cocci (spherical)

A Neisseria gonorrhoeae

A Neisseria meningiis

A Moraxella catarrhalis
Bacilli (rod -shaped)

A Enterobacteriaceae family:
Escherichia coli

Klebsiella pneumoniae
Salmonellaspp.
Shigellaspp.

Proteusspp.

Yersiniaspp.

O O O O o o

Non-fermenters:
Pseudomonas aeruginosa
Acinetobactespp.

OO>\

Zoonotic pathogens:
Brucella spp.
Francisella tularensis

OO>\

Others:

Haemophilus influenzae
Bordetella pertussis
Legionella pneumophila
Campylobacter jejuni
Helicobacter pylori

Vibrio cholerae

Bacteroides fragiliganaerobic).

OOOOOOO)>\

Basic Structure of Gram-Negative Bacteria



I[Would you like adiagram illustrating this structure?]
Structural Components:

A Outer Membrane:
- It ContainsLPS, and endotoxin are secreted from hergroteins, and porins
too.
A LPS consists of:
A Lipid A, toxic component within the membrane.
A Core polysaccharide
A O antigen, epopes within the outer membrane.
T Periplasmic Space:
A Located between outer and cytoplasmic membranes.
A Cont ai ns e nlactgmases whichuaffdr a dritical mechanism in
antibiotic resistance.
1 Thin Peptidoglycan Layer:
A Provides shape and structural integrity.
T Cytoplasmic (inner) Membrane:
A Phospholipid bilayer with embedded proteins.

Characteristics of Gam-Negative Cocci Bacteria

Neisseriaspp.:

Gram-negative diplococcwith coffeebean appearance.
Oxidasepositive, catalaseositive.
Aerobic, fastidious, grows on enriched media such as chocolate agar.
Require5i1 0 % @oDoptimal growth.
Antigenic variation in pili and outer membrane proteins.
Pathogenic species:

o Neisseria gonorrhoeak causes gonorrhea.

o Neisseria meningitidis causes meningitis and meningococcemia.

> >y > D> D>

Moraxella catarrhalis

A Gramnegative diplococcus.
A Opportunistic pathogen; causes otitisdia, sinusitis, and bronchitis in
children and the elderly.

Classification of Gram-Negative Bacilli of Medical
Importance

Based on Oxygen Requirement:
A Aerobic:such asPseudomonas,Acinetobacter,Legionella.
A Facultative anaerobes:
o Enterobacteriaceae such B&.coli, Klebsiella

A Microaerophilic:



(0]

A
0

CampylobacterHelicobacter

Anaerobic:
BacteroidesFusobacterium

Based on Fermentation:

A
A

Lactose fermenters:E. coli, Klebsiella Enterobacter
Non-lactose fermenters:SalmonellaShigella Proteus Pseudomonas.

Gram-Negative Coccii Lab Diagnosis, Diseases, and Drug
of Choice

Neisseria gonorrhoeae

O>\

OOO>\

O>\

Diseases:
Gonorrhea, pelvic inflammatory disease (PID), neonatal conjunctivitis.

Lab Diagnosis:

Gram stain of urethral or cervical discharge.

Culture on ThayeMartin or cha@olate agar.

Nucleic acid amplification test (NAAT) which is gold standard, meaning it is
confirmatory.

Drug of Choice:
Ceftriaxone IM + azithromycin it aims at a possibility to cover possible
Chlamydia,a cainfection.

Neisseria meningitidis

O>\

OO>\

OO>\

Diseases:
Meningitis, meningococcemia, Waterhouse,Friderichsen syndrome.

Lab Diagnosis:
CSF analysis and culture.
Latex agglutination test for capsular antigens.

Drug of Choice:
Ceftriaxone or penicillin G.
Prophylaxis: Rifampin or ciprofloxacin for close contacts.

Individual Characteristics of Gram-Negative Bacilli of
Medical Importance

Escherichia coli

A
A

Ferments lactose, indefmsitive.
Causes UTls, neonatal meningitis, traveler's diarrhea, sepsis.



Klebsiella pneumoniae

A Mucoid colonies due to capsule, lactdeemener.
A Causes pneumonia (with Acurrant jellyo

Proteus spp.

A Highly motile, ureasgositive, noAactose fermenter.
A Causes UTls, struvite stones.

Salmonella spp.

A Motile, H Snqfermehtlactese, does
A S. typhicauses typhoid fever; other species cause gastroenteritis.

Shigella spp.

A Nonmotile, H S negative, invades M cell
A Causes bacillary dysentery (bloody diarrhea).

Pseudomonas aerugosa

A Non-fermenter, oxidaseositive, produces blugreen pigment (pyocyanin).
A Causes infections in burns, CF patients, nhosocomial infections.

Haemophilus influenzae

A Requires factors X (hemin) and V (NAD) for growth.
A Encapsulated type b causes meninggmglottitis, otitis media.

Individual Characteristics of Yersinia and Brucella

Yersinia spp.
Yersinia pestis

Morphology: Bipolar ("safety pin") staining, grammegative coccobacillus.
Transmission: Flea bites, rodent reservoir.

DiseasesBubonic plague, ggicemic plague, pneumonic plague.
Virulence factors: Yop proteins, type Il secretion system.

Lab Diagnosis:Culture, direct immunofluorescence.

Treatment: Streptomycin or doxycycline.

=A =4 =4 =4 4 -4

Yersinia enterocolitica

1 Cause®nterocolitis, mimicking appendicitis.
T Acquired from contaminated pork or milk.
1 Cold-tolerant; grows in refrigerated foods.

Brucella spp.

1 Small, gramnegative, aerobicoccobacilli
T Zoonotic; transmitted via unpasteurized dairy or direct contact with infected animals.
1 Species of importance:



o Brucella melitensi€an be transimitted from goats to human.

o Brucella abortuscan be transimmted from cattle to human.

o Brucella suiscan be transimitted from pigs to human.
1 DiseasesBrucellosis characterized by undulant fever, hepatosplenomegaly, arthritis.
1 Lab Diagnosis:

o Blood cultures, slow growing.

o Serological tests such as Rose Bengal, ELISA.
T Treatment: Doxycycline + rifampin for 6 weeks.

GRAM POSITIVE.

GRAM-POSITIVE BACTERIA.

Grampositive bacteria are bacteria that retain the crystal violet staingd@reim staining
procedure and appear purple under the microscope. This is caused by their thick
peptidoglycan layer in the cell wall, which traps the crystal violéine complex.

Key Features:

The peptidoglycan layer is Z80nm in thickness.

There is noouter membrane.

There is Teichoic acids and lipoteichoiic acids in the cell wall.
These bacteria are susceptible to lysosome.

They are typicallyno r e s e n-ldtamiantitdotics.o b
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Gram-Positive Bacteria of Medical Importance
Cocci:

Staphylococcus aureus
Staphylococcus epidermidis
Staphylococcus saprophyticus
Streptococcus pyogen@sroup A)
Streptococcus agalactig&roup B)
Streptococcus pnewniae
Enterococcus faecalis/faecium
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Bacilli (Rod-shaped):

Bacillus anthracis

Bacillus cereus

Clostridium tetani
Clostridium botulinum
Clostridium difficile
Clostridium perfringens
Listeria monocytogenes
Corynebacterium diphtheriae

=A =4 =4 =4 4 -4 -8 A



1 Actinomyces israelii
¢ Noardia asteroides

Basic Structure of Gram-Positive Bacteria

'l Let me know i f youdd | i ke a diagram. ]
Cell Wall Structure:

Thick peptidoglycan layer: Retains Gram stain

Teichoic acids:Structural function; involved in adhesion and immune response

No outer menbrane or periplasmic space
Surface proteins:Act as virulence factors for example M proteirSinpyogenes

=A =4 =4 =4

Characteristics of Gram-Positive Bacteria of Medical Importance
Staphylococcus spp.:

Gram-positive cocci in clusters

Catalasepositive

S. aureuss coagulasepositive; produces toxins

S. epidermidisS. saprophyticuare coagulasaegative

=A =4 =4 =4

Streptococcus spp.:

1 Gram-positive cocci in chains
1 Catalasenegative
1 Classified byhemolysisandLancefield grouping
o S. pyogenesk b-hemolytic, Group A
o S. agalactiaé b-hemolytic, Group B
o S. pneumoniaé U-hemolytic, encapsulated
o Enterococcu$ o-hemolytic (no hemolysis)

Bacilli:

1 Bacillus sppi sporeforming aerobes

T Clostridium sppi sporeforming anaerobes

T Listeriai motile, gows in cold

1 Corynebacteriuni club-shaped, metachromatic granules

T ActinomycesNocardiai branching filamentdNocardiais weakly acidfast

Diseaes, Diagnostic Techniques, and Drug of Choice

Organism Diseases Dlagnpstlc Drug of Choice
Techniques
Skin infections, Culture, Gram - .
. . . Nafcillin, vancomycin
S. aureus pneumonia, osteomyelitis stain, coagulase

toxic shock test (MRSA)



Organism Diseases

S. epidermidis Prosthetic device infectio

S. saprophyticus  UTlIs in young women
Pharyngitis, impetigo,

S. pyogenes rheumatic fever

S. agalactiae Neonatal meningitis, sep:

Meningitis, pneumonia,

S. pneumoniae otitis media

Enterococcus Endocarditis, UTls

Bacillus anthracis Anthrax

B. cereus Food poisoning

Clostridium tetani Tetanus

C. botulinum Botulism

C. difficile Antlblotlc-assomated
diarrhea

C. perfringens G?S gangrene, food
poisoning
Meningitis in

Listeria neonates/elderly

Corynebacterium

diphtheriae Diphtheria

Actinomyces Oral/facial abscesses

Pulmonary or CNS

Nocardia . X
infections

Diagnostic
Techniques

Culture, catalase
& coagulase tests

Urine culture
Rapid antigen tes

Drug of Choice

Vancomycin

Nitrofurantoin

culture Penicillin
gg‘;‘;re (vaginal, popicillin
Gram stain,

optochin Ceftriaxone
sensitivity

Culture, bile Ampicillin +
esculin test gentamicin
Culture, PCR Ciprofloxacin

Clinical diagnosis Supportive

Metronidazole, tetanu

immunoglobulin

Antitoxin, supportive
are

Vancomycin (oral),

fidaxomicin

Clinical

Toxin detection
Toxin A/B in stoo
Anaegobic culture Penicillin

CSF culture Ampicillin

Antitoxin +

Culture, Elek test erythromycin

Sulfur granules ir

Penicillin
pus
Modified acidfast TMP-SMX
stain

TUBERCULOSIS & SPIROCHETES

Mycobacterium:

1 Genus oferobic, acidfast bacilli (AFB)
by acidalcohol compound.

1
not prefer to absorb water. The nature

.This means that they resist decolourization

Their cell wall is thicker than other badte the wall is hydrophobic, meaning it does

of its wall is also waxy and rich in the contents

of mycolic acid and peptidoglycan held together by polysaccharides,
arabinogalactan.These features distinguishes myahaotfrom other type of

bacteria.

1 Slowgrowing organisms usually divide once in every2lbhours.
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They are obligate aerobes meaning they typically need oxygen for their energy
production. This explain why lung tissues are their primary best home place.
IncludesMycobacterium tuberculosend nortuberculosis mycobacteria (NTM).
They can live intracellular in macrophages or free living.

They are very sensitive to UV light.

The examples in this group are Mycobacterium tuberculae,Mycobacterium
leprae,Mycobaterium bovis,Mycobacterium kansasii,M avium intracellurae,M
ulcerans,M marinum and m simiae.

To identify Mycobacterium the common major Technique is called Ziehl Nelseen staining
Technique usually abbreviated Zn Stain. The principle of this techniqueed ba the
following facts.

A

A

> >

In the wall of these bacteria there is high concentration of waxy lipids, presence of
these substances make conversional simple stains and Gram stains useless.

In case the preferred technique is the Hot Zid&delsen Techniqu@ which phenol
carbon fuchsin stain, is heated to enable the dye to penetrate the waxy in the wall of
Mycobacterium.

The stains binds to the mycolic acid in mycobacterial cell wall.

After staining an acid decolorizing solution is applied. This removesethdye from

the back ground cells, tissues and fibers and any organism in the smear except the
mycobacterium retains the dye and are therefore referred to Acid Fast Bacteria.(AFB).
Due to decolourization, sputum smear is counterstained with malaclete @re
methylene blue, which stains the back ground material providing a contrast colour
against which the red AFB can be seen. In Mycobacterium group Tuberculosis and
M.ulcerans are strongly Acid Fast.

Zn Stain Procedure.

1. Prepare a smear organism ia gtides.

2. Allow the slides to air dry and then heat fix the organisms.

3. Apply enough of carbolfuchsin with Tergitol to cover the bacteria and allow it to
settle for 5 minutes.

4. Alternate, if Tergitol is not available then apply enough carbolfud¢bsiover the
bacteria. Place the slide on a-prarmed hot plate set on low for 8 minutes.

5. The stain should not be allowed to evaporate or Boil, add an addition stain if
necessary. Remove the slide and allow it to cool.

6. Rinse the slide with AcitlAlcohol for 1520 Sec, drop by drop just until the
alcohol runs clear.

7. Gently rinse with water.

8. Apply enough methylene blue to cover the bacteria. Allow it to settle for 30
sec.Blot the slide with bibulous paper, do not wipe it.Allow the slide to wair dr

9. Examineghe slide under oil immersion.Positiive organism will appear prek
while negative organism will appear blue.

» | Sy
»
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Alt is a modification of Zn stain technique.

AThe fluorochrome dye,Auramirichodamine,used combine with the mycolic acid on
. the cell wall of the bacteria which is then fixed by steam heat.

AA decolorizing agent,acid alohol is used to rinse off the none stained dyes,
AThe counterstain potassium permarggarfunctions tostain the nonfluoresent tissues
and the cell debris thus reducing possibilities of artifacts when the cells are observed
. under an ultra violet light,

AThey appear bright yellow green or red orange.
Auramine- Rhodamine Staining

Mycobacteria of Medicalmportance

Mycobacterium species of Medical importance include M.tuberulae and M.leprae.M.tuberculae
cause Pulmonary tuberculosis while the M.leprae causes leprosy.

M.tuberculae attact the lung TB can progess,and when localized and well advanced witHie t
lung it can spread away from the lung to the other part of the body and affect the.The term
referd here is extra pulmonary Tuberculosis.The parts in this case which can be affected are the
kindey,intestines,spine,brain bone marrow.TB can be Latent anéctive Tuberculosis.

Latent Tuberculosis LTBI,it is a state of persistent immune response to stimulation by
Mycobacterium tuberculosis antigens without evidence of clinically manifested active
tuberculosis. An active Tb is the one in which clinical sigrend symptoms present. If the person
has Latent Tuberculosis the chance is-50% with the majority developing TB disease within
first five years.

Entry of M.tuberculosis is via inhalation,when they in the lung tissues these bacteria will be
phagocytosed byalveolar macrophages.When M.tuberculosis has been engulfed and is at the
cytosol of a macrophage. The macrophage will release hydrolytic enzymes form its lysosomes,
and these enzymes will break down the M.tuberculosis and stop the possibility of disease t
progress and signs and symptoms will manifest. Not manifest.



But it happen that M.tuberculosis take a good evasion process, meaning it outsmart the immune
system by avoiding the attacks from it. When this happen it will offer a change for this bacteria
to multiply intracellular and become more in number. From here latent TB will progress into to
active TB.

Some people develop TB disease soon after infection, while others develop TB disease later
when their immune system becomes weak.

Clinical presentationof TB.

A

A

Productive coughing, usually produce blood stained sputum. Presence of blood is due to
tissues damages that occur in the lung due to M.tuberculosis disease activities, causing
small blood vessel to rupture.

Night sweats, this caused by the fact that the night the M.tuberculosis might enter the
blood system and being detected by the immune system as new invaded pathogens,
hence fever appear as a mechanism to raise up temperature and wipe off infection. But
fever is usually have negative side for #1normal health cells and tissues and it
denaturature enzymes when above 38 ¢ and it can impair metabolism.

Loss of weight due to impare metabolic activities.

When the number of Tuberculosis is high they might move away from the lung and affect
the tissues

A When the patient cough and swallow the sputum, the M.tuberculosis may gain an
access to the intestine and cause Mesenteric Bacall it Tb of intestine.
A 4aEAU CAET AT AAAAOO O OPET A AT A AAOOA 4-
cartilages joints within the spines will lose their strength and causing spine
protruding out form the pathological changes and form a structure called gibbus.
A The may gain access to many other part of the body such as kidney brain and many
other parts and cause pathologicalamages to these parts.

Laboratory Investigations

1. Microscopy.

A Ziehl-Neelsen ZN Stainlt detects acidfast Bacilli.(AFB)
A Fluorescent Staining(AuramineRhodamine).lt detects AFB and it is more
sensitive than Zn.

2. Culture

A

A

LéwensteinJensen (LJ) Mediumi It is a slow media for cultivating Mycobacterium
tuberculosis,a solid media with, slow growth df8éveeks.

Middlebrook Medium (liquid) TItis a liquid efficient culture media and faster in
detection usually takes3 weeks.

BACTEC MGIT 960 system It is an automated liquid media more efficient and
rapid.

3. Molecular Tests



A GeneXpert MTB/RIF i ltis used in rapid detection of TB and rifampicin
resistance
A Line Probe Assay (LPA)i It is used for detects resistance to fiestd
secondine drugs
A PCR (Pdymerase Chain Reaction) It detects TB DNA, less commonly
used for routine diagnosis
4. Tuberculin Skin Test (TST)

A Mantoux Testi It assesses delaydgpe hypersensitivity; positive result
suggests exposure but not active disease
5. Interferon-Gamma Releae Assays (IGRAS)

A QuantiFERON-TB Gold
A T-SPOT.TBi Itis more specific than TST, especially in B&&ccinated
individuals
6. Histopathology

Biopsy of affected tissué shows granulomas with caseation necrosis and Langhans
giant cells A granuloma is a compa& organized aggregate of immune cells, mainly
macrophages,epitheliod cells, multinucleated giant cells of Langerhans
type,lymphocytes,and fibroblasts that forms in response to chronic inflammation

especially TBPurpose in TB:

Granulomas aim to:

A Contain the TB bacilli andprevent their spread

A Wwallofft he infected area when the i mmune
eliminate the pathogen.

A Serve as a site fdatent TB where bacilli can remain dormant for years.

Histological Features of a TB Granuloma:

1. Central caseous necrosit "cheesdike" dead tissue, hallmark of TB granuloma.

2. Epithelioid macrophagesi activated macrophages with elongated nuclei

3. Langhans giant cellsi multinucleated cells with peripheral, horsesisbaped.
nuclei

4. Lymphocytic cuff T surrounding layer of T cells and other immune cells

5. Fibrous capsulei especially in healed or chronic granulomas, it is coved by a protein
layer with protein fibers covering it at the top.




7.Radiological Investigations

A

A

A

Chest X-ray 1 It shows caitary lesions, infiltrates, or miliary T®liliary TB
is a form of the spread TB,where MT spread via blood forming numerous tiny
granuloma in multiple organ.

CT Scan of Chest It gives us detailed view of lung garchyma, lymph
nodes.

Ultrasound/CT of Abdomeni for extra pulmonary TB assessing the
damaged tissues and organs such as in lymphadenitis, peritoneal TB.

Other Tests for Extrapulmonary TB

A

A

CSF analysi®Assessing the Cerebral spinal fluid for TB menifidjiés.
positive Test is characterized by high protein, low glucose and lymphocytic
predominance.

Pleural/ascitic fluid analysis d .pleural effusion is an accumulation of fluid in
pleural cavity which surrounds the lung. It is one of the complication of
TB.Taping this fluid from pleural cavity and make an analysis will reveal
lymphocytic exudate, high of an enzyme adenosine deaminase. Adenosine
deaminase is an enzyme involved in purine metabolism. Purine is a type of amino
acid and end product of proteins diggon.An enzyme adenosine deaminase
plays a crucial role in cell mediated immunity especially in proliferation and
differentiation of Tolymphocytes.

A Lymph node FNAC/Biopsy dlt evaluate and reveal tissues damages caused by TB
using a cell studying anBB\staining.
A Urine AFB and cultured It for assessing the damaged tissues for genitourinary TB.

MANAGEMENT OF TB .

First-Line Treatment (Drug-Sensitive TB):

Total duration: 6 months

1. Intensive Phase (2 months):

A

Rifampicin- Rifampicin works by blocking ba@ERNA polymerase, stopping

the bacteria from making RNA which helps to carry out proteins synthesis.This
mechanism stops the multiplication of bacteria, and hence stops disease
progression.

Hlsoniazid Isoniazid works by inhibiting the synthesis of hayaoids,

essential components of the Mycobacterium tuberculosis cell wall, thereby
exerting a bactericidal effect.



A ZPyrazinamidePyrazinamide works by disrupting Mycobacterium
tuberculosis's membrane transport and energy production, particularly under
acidic conditions within macrophages.

A Ethambutol Ethambutol works by inhibiting arabinosyl transferase, an enzyme
involved in the synthesis of the mycobacterial cell wall, thereby impairing cell wall
formation.

(RHZE)
2. Continuation Phase (4 months):

A Rifampicin + Isoniazid RH)

Mnemonic: "RIPE" for the 4 main drugs.

Things to take a note on.

A Ensureadherenceto prevent resistance.

A DOTS -Directly Observed Therapy, Sharourse is recommended. The
patient take in drugs under the witnessing of a medical pefisonne

A ForMDR-TB -multi-drugresistant TB, secorlihe drugs and longer
treatment up to 14 months are used.

LEPROSY.

It i s also known as Hansend Disease.
the macrophages and usually occur singly or in clustéesb&cteria are

transmitted via prolonged skin to skin contact or respiratory droplets. Once in the
body the M.leeprae has an incubation period-b0%ears. It is a long one.

The damages caused in various tissues by these M.leprae by Skin, peripheral
newes, eyes, and mucosa of upper respiratory tract. Leprosy is categorized into 3

types.

Types of Leprosy:
1. Tuberculoid (TT):

A Few skin lesions
A Strong immunity
A Nerve thickening, loss of sensation
A AFB rarely seen
2. Lepromatous (LL):

A Many symmetric lesions
A Wed&k immunity
A Nodules, diffuse infiltration
A Abundant AFB in lesions
3. Borderline types (BT, BB, BL):
A Intermediate features between TT and LL



Diagnosis:

A Skin smear (AFB stain)
A Skin biopsy (granulomas, AFB)
A Lepromin test (negative in LL, positive TT)

Treatment (MDT 1T WHO regimen):

1, Paucibacillary (O5 skin lesions):



Rifampicin+ Dapsong6 months)
2.Multibacillary (>5 lesions or AFB+):

Rifampicin+ Dapsonet Clofazimine(12 months)

Brucella: Quick Overview
1. Causative Agent:

1 Genus Brucella

1 Characteristics:
o Small, Gramnegative cocobacilli
o Facultative intracellular pathogen (lives inside host cells like macrophages)
o Aerobic or microaerophilic

2. Transmission:

T Zoonotic (animals to humans)
1 Routes of infection
o Direct contact with infected animals (e.g., handling animal tissuekirg
fluids)
o Ingestion of unpasteurized dairy products (e.g., milk, cheese)
o Inhalation of aerosolized bacteria (less common)

3. Clinical Manifestations:

T Human diseaseBrucellosis(also known asindulant fever or Mediterranean
fever)
o Symptoms: Fever ills, night sweats, malaise, muscle pain, joint pain,
fatigue
o Chronic brucellosis can lead to complications like arthritis, endocarditis, and
hepatosplenomegaly.

4. Diagnosis:
1 Blood cultures. The gold standard for diagnosis
1 Serology. Detection of antibodis (e.g., agglutination tests)
1 PCR: For identifyingBrucellaDNA
1 Bone marrow culture: In difficult cases

5. Treatment:

1 Combination of antibiotics:



o Doxycycline+ Rifampin for at least 6 weeks
o Ciprofloxacin or streptomycin as alternatives in severe cases

6. Prevention:

1 Vaccination: Available for livestock (e.gBrucella abortusraccine)

Avoiding unpasteurized dairy products

1 Protective measuresFor those in close contact with infected animals (e.g., vets,
farm workers)

=

7. Public Health Importance:

1 Common inparts of Africa, Asia, the Mediterranean, and the Middle East
T Brucellosisis anotifiable diseasedue to its potential for outbreaks, especially in
animal farming communities.

SPIROCHETES.

Spirochetes are groups of Graragative, spiral shaped bactehattare unique due to their
flexible, helical morphology and their distinctive mode of motility. They move in a
corkscrew fashion using axial filaments meaning end flagella located in periplasmic space
between their inner and outer membrane. This kindagflity allows them to move through
viscous environment like mucus and connective tissues, which is important for their
pathogenicity. They can be broadly categorized $pidlla, spirochetesandvibrios.

Key Characteristics of Spirochetes

A Shape They ae thin. Flexible spiral or helical in shape. Helical meaning they
have curvegspiral shape body.

A Gram Stain: They are Granmegative bacteria although some do not stain well and
are better visualized with dafleld microscopy of silver stain.

A Motility :They move by Corkscrew movement \agial filaments.

A Oxygen Requirement Variesd aerobic, anaerobic, or microaerophilic depending
on the species

A Cell Wall: Similar to Grarmnegative bacteria, but with some structural differences.

Types of Spirochetes.

A Spirilla: Rigid spiral bacteria with external flagella suctSgdrillum minus
A Spirochetes Flexible spirals with axial filaments inside the periplasmic space
such aslreponema pallidupBorrelia burgdorferj Leptospiraspp.
A Vibrios: Commashaped bacteria, nbue spirals but often grouped here due to
their curved appearance suchvdlsrio cholerae
These groups of bacteria are found in a variety of environments such as in fresh and salt
water, soil. They may also found residing in host organisms as commenpatiogens.



Their mode of reproduction is like many other bacteria producing by an asexual mode called
binary fission.

The spirochetes of Medical Importance are.

Medical Importance

Some spiral bacteria are significant human pathogens:

1. SYPHILIS.

Treponema pallidursauses syphilis.

Borrelia burgdorfericauses Lyme disease.

Leptospira interrogans causes Leptospirosis.

Vibro cholera causes cholera.

Spirochetes are known fohronic infectionsandimmune evasion
Diseases may present withulti -system involvement making
diagnosis challenging

Zoonotic transmissionis common irBorrelia andLeptospira
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Syphilisis a sexually transmitted infection causes by a spirochete, Treponema palladium. It
progresses in stages and can cause a wide range of symptonisievéreft untreated
syphilis can lead to serious complications like damaging to the heart, brain and many other

organs.

General Characteristics of Traponema palladium
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Shape:They are thin, helical and possess corksdikermovement

Size:They are aboudi 15 pmin length and.1i 0.2 umin diameter.

Motility: They are highly motile due to periplasmic flagella, which allow it to
move in a corkscrew fashion.

Gram Staining: It doesnot stain wellwith Gram stain due to its very thin
structure, but it is comderedGram-negativebased on its cell wall structure.
Visualization: Requiresdark -field microscopy, phasecontrast microscopy,

or silver staining because it is too thin to be seen with light microscopy using
normal stains.

They are microaerophilic or am@bic meaning they require low oxygen

tension to survive.

Nutrition requirement. They are very difficult to grow them in a given culture
media. They must be in a tissue of a living organisms like in rabbit testicles for
experimental purpose.

Metabolism. ey have limited metabolic capacity, for example they do not
have enzymes which enables Krebs cycle and many biosynthetic pathways to
occur.

They have cell wall made up of a thin peptidoglycan layer and an outer
membrane like Gramegative bacteria, butdks

lipopolysaccharides.LPS.The outer membrane is rich in lipid with very few



exposed proteins. These proteins are virulence factors helping it to outsmart
the immune system.

They do no form spores or capsule.

Chronic infection Potential. These bacteria stay in the body for many

years. They are not know to produce exotoxins, the known virulence factors
are proteins embedded in the outer membrane. Tissue damages is caused by
host immune system response.

EPIDEMIOLOGY.
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Global Burden

A TheWorld Health Organi zation (WHO) estimates that there are ovemillion new
cases of syphili@nnually worldwide. The disease disproportionately affects
vulnerable populations such as sex workers, men who have sex with men (MSM), and
individuals with HIV.

Modes of Transnission.

A Sexual contact The primary route of transmission is through vaginal, anal, or oral
sex with an infected person.

A Congenital transmission Pregnant women with syphilis can transmit the infection to
the fetus, leading toongenital syphilis which can result in stillbirth, neonatal death,
or severe neonatal complications.

A Blood transfusion or direct inoculation: Rare due to routine screening of blood
products.

Risk Factors

Multiple sexual partners

Inconsistent condom use

Co-infection with HIV

Substane use that impairs judgment or increases risky behavior
Lack of access to healthcare and STI screening

Epidemiological Trends
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A Resurgence in highincome countries Over the past two decades, syphilis
has reemerged in countries such as the United Stateg/tited Kingdom,
and Australia, especially among MSM and Hdgsitive individuals.

A Congenital syphilis on the rise Poor prenatal screening and treatment have
led to an increase in congenital syphilis in some regions.

A Urban-rural disparities : Higher prevéence is often noted in urban areas with
dense populations and higher rates of commercial sex work.

Surveillance and Reporting

Syphilis is anotifiable diseaseén many countries, and national health authorities monitor
cases through routine STI surveillergystems. Reporting typically includes data on:

Number of new infections

Demographics (age, sex, sexual orientation)
Geographic distribution

Congenital syphilis cases

I > > D



Pathogenesis of Syphilis

The causative agent of syphilis is highly invasive motile,sdedder bacterium that cannot
be cultured on artificial media. The pathogenesis of syphilis is complex and involves multiple
stage characterized by systemic dissemination and immune immune evasion.

1. Entry and Initial Infection

A

A

A

T. pallidumenters the bodthrough microscopic abrasions, very small

tissue scratches that cannot be seen by our naked eyemucous

membranes during sexual contact.

Within hours, the spirochete multiplies locally at the site of entry, typically the
genitalia, rectum, or oral cayit

T h e or gcarkscreavmdtiity enables it to penetrate epithelial barriers
and invade surrounding tissues.

2. Primary Stage (Localized Infection)

A

A
A
A

Incubation period: It is usually 1090 days an average of 3 weeks.

The local replication of . pallidumleads to the formation of@ancre a
painless, indurated ulcer at the site of entry. Usually it heals by itself.
Regional lymphadenopathy may occur due to immune response.
Spirochetes are present in high numbers within the chancre and are highly
infectious.

3. Hematogenous and Lymphatic Spread.

A

A

T. pallidumrapidly invades théloodstream and lymphatics disseminating
throughout the body even before the chancre resolves.

Despite an immune response, the organism persists due to its ability to
outsmart themmune system.

-Low antigenicity of its outer membrane. It displays few proteins which are
recognized as antigens, when these proteins are in low amount they cannot be
detected by immune system faster.

-Antigenic variation of surface proteins such, it stedithe action of immune
system on these proteins and change the genetic information for synthesizing
the protein, meaning when it reproduces by binary fission the new formed
bacteria will not have these protein in their usual positions, they are
transferre to other location, a thing which confuses immune system recognize
the bacteria and attack it.

-Intracellular sequestration in certain host cells. They perfom their activities
inside the host cell, a thing which makes them difficult to be recognized and
cleared off by the immune system.

4. Secondary Stage (Systemic Infection)

A
A

Occurs weeks to months after the primary lesion.
Characterized by widespread dissemination, resulting in:
-Maculopapular rash, including palms and soles.



A

-Mucous patchescondylomatalata, moist, warilike lesions in moist areas.
-Systemic symptomsfever, malaise, weight loss, lymphadenopathy.

Lesions in this stage are also rich in spirochetes and highly infectious.

5. Latent Stage (Asymptomatic Phase)

A

A

After the secondary stage, thrgdction enters &tent phase
-Early latent (<1 year): may still relapse to secondary stage.

-Late latent (>1 year): typically asymptomatic and nioriectious (except for
vertical transmission mother to child transmission.)

Spirochetes persist in tissugih no clinical signs.

6. Tertiary Syphilis (Delayed Complications)

Occurs in about 180% of untreated individuals, years to decades later.
Results fronthronic inflammatory and immune responsegather than

direct bacterial damage.

Key manifestations itlude:

-Gummatous syphilis granulomatous lesions in skin, bones, or organs.
Swelling on skin encapsulated with spirochetes in it to prevent its spread. This
happens when the spirochete is engulfed by a macrophage and the macrophage
fails to kill and cleaout the fragments. When the spirochetes have multiplied
and the macrophage will burst and the spirochetes will spread to the blood
stream and rnfect. So to prevent all these the macrophage forms a very
tough protein coat, capsule called granuloma.

-Cardiovascular syphilis When the spirochetes spread they reach to
cardiovascular tissues, and their pathological activities will weaken the tissues
in cardiovascular system ending up with inflammation of aorta (aortitis),
Bulging out of the endothelial of #a known as aneurysm of ascending aorta.

Neurosyphilis: When the spirochetes are in the meningeal layer, a layer that
covers brain and spinal cord they cause inflammation to this layer. This kind
of inflammation is called meningitis, general paresis,satmesal is.

7. Congenital Syphilis

A
A

A

Transmitted transplacentally, especially during primary or secondary maternal
infection from mother to the fetus.

Outcomes: miscarriage, stillbirth, prematurity, or malgan neonatal

disease.

Late manifestations inctle Hutchinson teeth saddle noseandinterstitial
keratitis. The spirochetes cause much damage to the formation of these
structure during embryogenesis.

Signs and Symptoms of Syphilis.

Syphilis is a multistage disease, and its clinical manifestationsdeg@gnding on the stage of
infection, primary, secondary, latent and tertiary. It can also present as congenital syphilis
when transmitted from mother to fetus. It usually develops in four stages as shown below.



1. Primary Syphilis

A Incubation: 10i 90 daysbut usually an average 21 days after exposure.
Key Features

A Chancre: A single,painless, indurated ulcerat the site of inoculation, the
site of inoculation can be genitals, anus and mouth. The chancre heals
spontaneously within-8 weeks even without Tagment.

A Regional lymphadenopathy Swelling of lymph nodes at a certain sites.
Oftennon-tender and bilateral.
2. Secondary Syphilis

A Developsweeks to monthsafter the chancre heals.

A Systemic spreadf spirochetes causes widespread symptoms.

A Common Features
-Skin rash: The key characteristics are Symmetrical, maculopapular or
papulosquamous, involvingalms and soles

-Mucous patches Painless, grayistwvhite lesions in the mouth or genitals.

-Condylomata lata: Moist, flat, wartlike lesions in perineal/anal/genital
areas.

-Generalized lymphadenopathy
-Flu-like symptoms Fever, malaise, sore throat, weight loss.
-Alopecia: Patchy "motkeaten” hair loss in some cases.

3. Latent Syphilis

A Asymptomatic phasllowing secondary syphilis.
A Early latent (<1 year): Possible recurrence of secondary symptoms.
A Late latent (>1 year): No clinical signs; neimfectious (except for vertical
transmission).
4. Tertiary Syphilis.
It develops after years after untreated intet.
Occurs in about 180% of untreated individuals.

A Gummatous Syphilis
Formation ofgummas soft, tumorlike granulomatous lesions affecting skin,
bones, liver, etc.



A

Cardiovascular Syphilis.

Aortitis. The inflammation of endothelial walls of the lardedul vessel aorta
leading to aneurysm especially of ascending aorta, aortic valve insufficiency.
Aneurysm refers to bulging of the blood vessel wall.

Neurosyphilis.
It can also occur earlier.
-Asymptomatic: Abnormal CSF findings.

-Meningovascular. Strokelike symptoms due to inflammation of cerebral
vessels.

-General paresis Personality change, dementia, delusions.
-Tabes dorsalis Dorsal column degeneration, loss of coordination, lightning

pains, urinary incontinencéygyll Robertson pupils. The pupiteccommodate
but do not react to light.

5. Congenital Syphilis

A

Early signs (before age 2):
-Snuffles mucopurulenhasal discharge.

-Maculopapular rash,often desquamating.

-Hepatosplenomegaly, anemia, jaundice

-Skeletal abnormalities

Late signs(after age?):

-Hutchinson triad: Hutchinson teeth notched incispisterstitialkeratitis,
and sensorineurdeafness

-Saddle nose deformity

-Saber shins

Diagnostic Tests for Syphilis and Their Results

Syphilis diagnosis involves botlirect detectiorof the orgarsm andserologic testing
Serologic tests are classified imtontreponembandtreponemal tests

A. Direct Detection Methods

1. Dark-field Microscopy

A

A
A

Purpose VisualizesT. pallidumdirectly from chancre or mucous lesion
exudate.

Result Presence ahotile, spiral-shaped spirochetesonfirms diagnosis.
Use Primary and secondary syphilis.



A Limitations : Not reliable for oral lesions, gpathogenic spirochetes may be

present.
2. Direct Fluorescent Antibody for T. pallidum (DFA-TP)

A Purpose DetectsT. pallidumantigens using labeled antibodies.
A Result Positive fluorescence,presence of spirochetes.
A Use Lesions in primary or secondary syphilis.

3. Polymerase Chain Reaction (PCR)

A Purpose DetectsT. pallidumDNA.
A Result Positive PCR confirms presence of the pathogen.
A Use Research and specialized labs; limited routine use.

B. Non-Treponemal Serologic Tests

These deteakagin antibodies these are antipid antibodies against damaged host cells and
T. pallidum

1. Rapid Plasma Reagin (RPR)
2. Venereal Disease Research Labotary (VDRL)

o Result
A Positivein primary (usually after 12 weeks of chancre3econdary

andearly latent stages.
A May benegativein very early primary or late stages (tertiary).
A Used forscreeningand monitoring treatment response (titers decline

after swcessful therapy).
o Reported as Titer e.g., 1:16, 1:64. Fourfold drop,treatment success.

C. Treponemal Serologic Tests
These deteantibodies specific toT. pallidum antigens

1. Fluorescent Treponemal Antibody Absorption (FTA-ABS)
2. T. pallidum Hem agglutination Assay (TPHA)

3. T. pallidum Particle Agglutination (TPPA)

4. Enzyme Immunoassay (EIA) / Chemiluminescence Immunoassay (CLIA)

o Result
A Positivein all stages after infection.
A Remain positive for life, even after treatment.
A Used forconfirmation after a positie nontreponemal test.

D. Tests for Special Situations
1. Cerebrospinal Fluid (CSF) VDRL, for suspected neurosyphilis.

A Positive, diagnostic, bubhegative test does not excludeeurosyphilis.
A May also assess CSF WBC count, protein, and treponemal antibodies.

2. Congenital Syphilis Testing

A RPR/VDRL in mother and newborn.
A Compare maternal and infant titers.



Alnfant titer O41 maternal titer

Summary Table of Test Results by Stage

Test Primary SecondaryLatent Tertiary Congenital
Dark-field Microscopy + + | | |
RPR/VDRL * (early) + + + +
FTA-ABS / TPHA/TPPA  + + + + +
CSF VDRL (for neurosyphilisi + + /+ +/+

Management and Complications of Syphilis.

Management of Syphilis

A. General Principles

A Prompt diagnosis and treatment are eakto prevent disease progression

_and transmission.
A Penicillin G is the drug of choice for all stages of syphilis.
A Follow-up is necessary to ensure treatment success and to monitor for

reinfection.
B. Treatment by Stage

Stage Treatment

Primary, Seconday, Early Benzathine Penicillin G@.4 million units IM single dose
Latent (<1 year)

Late Latent (>1 year) or Benzathine Penicillin @.4 million units IM weekly x 3
Unknown Duration doseg(total 7.2 million units)

Neurosyphilis or Ocular AqueousCrystalline Penicillin GL8i 24 million units/day
Syphilis IV, divided every 4 hrs for 104 days

Congenital Syphilis Penicillin G based on infant age and clinical findings

- Non-pregnant. Doxycycline 100 mg orally twice daily

Penicillin Aller for 14i 28 days (ot for neurosyphilis)
9y - Pregnant or neurosyphilis casesDesensitization and

penicillin treatment is required.

C. Follow-Up

A Serologic testing(RPR or VDRL) at 3, 6, 12 months pdstatment.
A Fourfold decline in nontreponemal titer withini6l2 months idicates

_successful treatment.
A Persistent or rising titers may indicateatment failurer reinfection

D. Public Health Measures

A Sexual partner notification and treatment

A Avoid sexual activity until treatment is completed and partners are tested.

sug



A Screering in high-risk populations (MSM, HIVpositive individuals, and
pregnant women).
Complications of Untreated Syphilis

1. Early Complications

A Secondary syphiliscomplications: generalized rash, mucocutaneous lesions,
lymphadenopathy.
A Transmission to others especially during primary and secondary stages.
2. Late Complications (Tertiary Syphilis)

Occursyears to decadesifter initial infection in untreated individuals.
A Gummatous Syphilis Soft, tumorlike lesions (gummas) affecting skin,
~ bones, and organs.
A Cardiovascular Syphilis:
-Aortitis (especially thoracic aorta)
-Aortic aneurysm

-Aortic valve insufficiency

A Neurosyphilis:
-Asymptomatic: abnormal CSF findings without symptoms.

-Meningovascular. strokelike symptoms.
-General paresis progressive dementipersonality changes.

-Tabes dorsalis ataxia, lightning pains, bladder dysfunctidmgyll
Robertson pupilsneaning pupil accommodates but doesn't react to light.

3. Congenital Syphilis Complications

A Early signs (within 2 years): snuffles, hepatosplenoniggeash, skeletal
abnormalities.
A Latesigns Hut chinsoné6és teeth, saddle nose
mental retardation.
A Stillbirth or neonatal death may occur in untreated maternal infection.
4. Psychosocial and Public Health Impact

A Stigma, dscrimination, and mental health burden.
A Transmission to partners and fetuses if undiagnosed and untreated.

Prevention Strategies

A Safe sex practicesConsistent and correct use of condoms.
A Screening and early treatment Regular testing, especially for higisk
groups and pregnant women.



A Partner notification and treatment: Reduces further spread.
A Health education and community outreach Targeted programs for-ask
populations.

Public Health Challenges

A Stigma and discrimination hinder access to screemidgraatment.

A Asymptomatic nature in early stages leads to underdiagnosis.

A Inadequate antenatal care in resodnmited settings contributes to congenital
cases.

VIBRO CHOLERAE.

They are curvedrod shaped bacteria causing cholera.

A They are curvedod-shaped bacteria belonging the family Vibrionaceae.They are
from genus Vibrio and species cholera.

A They are Gramnegative measures 12um in length and 0-24 um width.

A They have single flagellum which facilitate motility.

A They are Graamegative ontsining and shows typical comma shape under
microscope.

A They can grow in both presence or absence of oxygen,(Facultative anaerobes).

A They can be cultivated well in culture media such as nutrient agar, thiostitfate
bile saltsi sucrose agar, forms @, yellow colonies due to sucrose fermentation.

A They grow best in alkali condition at a PH-8.5.

A They are sensitive to acid, meaning they die rapidly in acidic condition.

A They oxidasepositive.

A They can ferment glucose and sucrose without gas productio

A They usually break down nitrated to nitrides.

A They have over 200 sero groups based on O antigen. But only sero O1 and 0139
cause epidemic.

A They produce cholera Toxin an AB5 exotoxin that activate acetylate cyclase in
intestinal epithelial cells, leadirtg massive secretion of water and electrolytes
causing watery diarrhea.

A Natural habitat is aquatic environments especially brackish water and estuaries.
Human are their primary hosts during epidemics.

Epidemiology of Cholera

Cholera remains major global public health concern especially in regions with poor
water and sanitation. Here is an overview of its epidemiological features:

1. Causative Agent

il

Vibrio cholerae, primarily:
o Serogroup O1(Classical and El Tor biotypes)
o Serogroup O139(Bengal)i emergd in the 1990s



2. Reservoir

1 Primary : Humans (symptomatic and asymptomatic carriers)
T Environmental: Brackish water, estuaries, and aquatic organisms like plankton and
shellfish

3. Mode of Transmission

1 Fecaloral route, primarily via:
o Contaminated drinkg water
o Contaminated food (e.g., raw seafood)
o Poor hygiene and sanitation

1 Rarely persotto-person

4. Incubation Period

T 6 hours to 5 daygcommonly 12 days)
5. Risk Factors

Inadequate access to clean water

Poor sanitation and hygiene

Overcrowded setting®.g., refugee camps)

Consumption of undercooked seafood

Low gastric acidity (e.g., in children, malnourished individuals)
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6.Endemic and Epidemic Patterns

Pattern Characteristics

Occurs regularly in certain regions (e.g., parts of South Asi&ah&aharan
Africa)

Epidemic Sudden outbreaks, often after natural disasters, conflict, or infrastructure c
Pandemic There have beeseven cholera pandemicsince the 19th century

Endemic

7. Global Burden

A WHO estimates:
-1.3 to 4 million cases annually

-21,000 to 143,000 deathzer year

A High-risk regions: South Asia, SutSaharan Africa, Haiti, parts of the Middle
East.



8. Prevention and Control

Safe water supply

Improved sanitation

Health education such as hand washing, food safety.
Cholera vaccines likBukoral, Shanchol and Euvichol.
Surveillance and early outbreak response.
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Pathogenicity:.
Pathogenesis of Cholera.

The disease process of cholera involves several steps, leading to the hallmark symptom of
profuse watery diarrhea. Below is a detailed explanation:

1. Ingestion

A Vibrio choleraeis ingested via contaminated water or food.
A A large number of organisms are required to cause infection because they are
highly sensitive to gastric acid.

2. Colonization

A Surviving bacteria pss through the stomach and reachstmeall intestine

A They use theipolar flagellum for motility andmucinaseto penetrate the
mucus layer of the intestinal epithelium.

A Attachment to the intestinal mucosa is facilitateddoyn-coregulated pilus
(TCP).

3. Toxin Production

A Once colonized, the bacteria prodet®lera toxin (CT), anA B ex.ot oxin

-A subunit (Active): Enzymatically active.

-B subunit (Binding): Binds toGM1 ganglioside receptorson intestinal
epithelial cells.

4. Toxin Action

A The B subunit iInds to GM1 receptors, and the A subunit enters the cell.
A Inside the cell, the Al fragment activatetenylate cyclaseia Gs protein.
A This causes an increasecyclic AMP (CAMP) levels.

5. Disruption of lon Transport

A Elevated cAMP causes actigecretionof ch !l or i thethé ons ( Cl
intestinal lumen vi&CFTR channels This action causes reversible osmosis,
instead of fluid being absorbed from the lumen to the intestinal lining, it will
be moving from the intestinal tissues to the lumen.

A Sodi um dwstar followasmotically.



A Result: Massive loss of water and electrolytes from the body into the
intestine.

CHOLERA PATHOGENESIS

Clinical Manifestations
1 Profuse watery diarrhea( i rwacteer st ool so0) .
1 Rapiddehydration, hypovolemia, metabolic acidosis andelectrolyte imbalance
1 Without treatment, can lead $hockanddeath

Signs and Symptoms of Cholera

Vibrio cholera presents with chacteristics with a clinical pictures primarily related to severe
fluid and electrolytes loss. Symptoms can range from mildetdHreatening.

1. Incubation Period

A 6 hours to 5 daystypically 1i 2 days.

2. Main Symptoms



Symptom/Sign Description

Sudden onset of profuse, painless, watery stools (often describ
"rice -water stools") with a mild fishy odor

Common, especially in early stages; not usually associated witl

Watery Diarrhea

Vomiting

nausea
Dehydration Due to massive fluid loss; can occur rapidly and be severe
Muscle Cramps Result from loss of electrolytes, especially sodium and potassit
Thirst Due to significantltiid depletion
Sunken Eyes & Dry o :
Mouth Classic signs of dehydration
Decreased Urine S . :
Output Oliguria or anuria due to hypovolemia
Hypotension Due to fluid loss; can progress to shock
Tachycardia Compensatory response to dehydration

Cold, Clammy Skin Sign of advanced dehydration and poor perfusion

Signs of Severe Dehydration

A Lethargy or unconsciousness

A Weak or absent pulse

A Delayed capillary refill

A Sunken fontanel, in infants.

A Hypovolemic shock (if untreated)

Complications (if untreated)

A Hypovolemic shak

A Electrolyte imbalanceslike hypokalemia, hyponatremia.

A Acute renal failure

A Deathcan occur within hours in severe cases.
Note: Some people infected with/. choleraemay be asymptomatic or have only mild
diarrhea, but they can still transmit the bacteria

Investigations in Cholera

Investigating a suspected case of cholera involves clinical assessment, laboratory
confirmation and epidemiological investigation to support attaining diagnosis, treatment and
public health action.

Clinical Assessment.

It is bagd on signs and symptoms, which are profuse watery diarrhea, vomiting, rapid
dehydration and history of exposure to contaminated water or food.

Laboratory Diagnosis.

A Stool Culture.



It is a Golden standard for confirming Vibrio cholera. It uses selectidame
like Thiosulfatecitrate bile saltsucrose Agar.(TCBS.)
A Microscopy.(Dark Field.)

It may show motile, comahaped bacteria with darting motility,Meaning their
motion is not well defined

A Rapid Diagnostic Test.(RDT).
It is designed for detecting V.cleshe 01 and O139 the antigens present in the
The Test is useful in cholera outbreak or in low resource setting.

A Sero grouping /Sero typing Test.It for detecting and identifying the kind of
proteins/the antigens on the surface of the bacteria.

Serogrouping/Serotyping
A PCRUsed to detect the genes which encodes for cholera toxins such as
ctxA.ctxB.More sensitive used in research or reference labs.

A Enrichment in Alkaline Peptone Water.
It is used before culture to irease bacterial yield.

Other Laboratory Tests set up for management.

A Serum electrolytes To monitor sodium, potassium, chloride electrolyte imbalances
common.
A Renal function tests Urea, creatininé may be elevated due to dehydration or acute
kidney inpury.
A Blood gasesAssess fometabolic acidosisrom severe dehydration.
Epidemiological Investigation



A Identify thesource of infection(e.g., water contamination).

A Monitor spreadandattack rate.

A Guidepublic health responsdike adherence with the rulés sanitation, safe
water, vaccination.

Management of Cholera

|l nvol ves prompt treatment to prevent severe
approach:

1. Rehydration Therapy (Mainstay of Treatment)
a) Oral Rehydration Therapy (ORT)

A Formild to moderate dehydration
A UseOral Rehydration Solution (ORS) containing sodium, chloride,
potassium, bicarbonate (or citrate), and glucose.
A Administer continuously until rehydration is achieved and for ongoing losses.
b) Intravenous (IV) Rehydration

A Forsevee dehydration or if the patient cannot drink.

A UseRi n g e r 6 solutioa; nornaltsaine is second choice.

A Initial dose:30 mL/kg in the first 30 minutes, thefD mL/kg over the next
2.5 hours.

A Monitor and adjust fluids based on clinical response.

2. Antibiotic Therapy (adjunct, not primary treatment)

Shortens duration and reduces stool output.
Only for moderate to severe case® in epidemics.
Common antibiotics:

-Doxycycline Single dose (300 mg adult)

> >

-Azithromycin : 1 g single dose (alternative in greancy or children)
-Ciprofloxacin: 1 g single dose or 500 mg twice daily for 3 days

A Local resistance patterns should guide choice.
3. Zinc Supplementation

A Especially inchildren under 5 years.
A Reduces duration and severity of diarrhea.
A Dose:

-10 mg/dayfor newborn under 6 months.

-20 mg/dayfor kids from 6 months to 5 years, give it forfi 14 days



4. Nutritional Support

A Continuenormal feedingduring iliness, especially in children.
A Resume breastfeeding if applicable.
5. Public Health and Preventive Meastes

A Isolation of infected individuals if possible (to limit spread).
A Safe water sanitation, andhygiene (WASH)measures.
A Cholera vaccinationin endemic areas or outbreaks like Dukoral,Shancho

TETANUS.

Tetanus is a serious bacterial infection causedlbgt@ium tetani,a bacteria that produces
toxin that affects transmission of nerve impulses at the synaptic gap within the nervous
system. The action of the Clostridium tetani toxin leads to muscle stiffness and spasms,
especially in the jaw, it is usuglteferred to lockjaw, neck and other parts of the body.

The bacteria enters the body through deep cuts or puncture wounds, especially if the wound is
contaminated with dirt or feces. It can also occur after an injury involving rusty objects as
Clostridiumtetni, grow well in anaerobic condition, meaning in low oxygen conditioning,

rusty and deep wound are example of condition where there is low oxygen.

EPIDEMIOLOGY.

1. Global Distribution:

A Incidence: Tetanus is found worldwide, but its incidence is mueteloin
developed countries due to widespread vaccination programs.

A Endemic Areas:Tetanus remains endemic in many {amd middleincome
countries, especially in regions with limited access to healthcare and
immunization. In these areas, tetanus is ssigaificant cause of morbidity
and mortality, particularly among neonates and individuals with poor access to
clean healthcare.

A Neonatal Tetanus:In developing countries, neonatal tetanus is a major
concern and often results from unhygienic practicesxdwhildbirth or the
use of unsterilized equipment. It is a leading cause of neonatal deaths in these
regions.

2. Age Groups:

A Neonates and InfantsNeonatal tetanus is most common in infants under 28
days old, typically due to unsanitary umbilical cordecar unclean delivery
practices. It is a major public health concern in parts ofSalmran Africa,
Southeast Asia, and some regions in Latin America.

A Adults: Tetanus can occur at any age, but it is more common in individuals
who are not vaccinated or tt®who have not received booster shots. In
adults, it is often associated with traumatic injuries like deep cuts, burns, or



fractures, particularly in areas where tetanus vaccination is not common or
where healthcare access is limited.

3. Risk Factors:

A

Unvaccinated Individuals: People who have not received the full series of
tetanus vaccinations, including boosters are at greater risk of contracting
tetanus.

Injuries and Wounds: Individuals who sustain deep puncture wounds, cuts,
or burns are more vulnerahlespecially if the injury is contaminated with dirt,
dust, or feces that may cont&tostridium tetani Certain activities, like

farming or working with metal or wood, increase the risk of injury.

Poor Hygiene and Sanitation:Lack of proper wound caransanitary living
conditions, and inadequate health infrastructure contribute significantly to the
spread of tetanus, particularly in rural and underdeveloped areas.

Maternal and Neonatal Health: In areas where maternal care and neonatal
care are not wekstablished or hygienic, the risk of neonatal tetanus remains
high.

4. Incidence Trends:

A

A

-

A

Decline in Developed Countriesin countries with high vaccination rates, the
incidence of tetanus has decreased dramatically. Vaccination programs for
both adults andhildren have been effective in reducing tetanus cases.
However, sporadic outbreaks can still occur, particularly among unvaccinated
adults or in cases of nemompliance with vaccination schedules.

Increasing in Certain Regions:In parts of the world witlpoor vaccination
coverage or in conflict zones where healthcare infrastructure is disrupted,
cases of tetanus are more prevalent.

Outbreaks: Tetanus can still occur during natural disasters, war, or in refugee
camps where healthcare access is limitedsamitation is compromised.

5. Mortality and Morbidity:

A

Fatality Rates: Tetanus has a high fatality rate if untreated, particularly in
neonates or individuals with severe disease. Mortality rates vary depending on
the severity of the disease, accés medical care, and timely administration of
the tetanus antitoxin and supportive treatment. The global case fatality rate has
decreased significantly due to better treatment, but irré®@urce settings, it
remains high.

Long-Term Effects: Even with teatment, survivors of severe tetanus can face
long-term complications, including neurological damage and muscle

weakness, which may require loteym rehabilitation.

6. Surveillance:

A

Global Surveillance: The World Health Organization (WHO) andhet
international health bodies monitor and track tetanus incidence globally.

Efforts to eliminate neonatal tetanus through vaccination campaigns have been
particularly prominent, and many countries have made significant progress
toward eradication.

Challenges:Despite progress, challenges remain in controlling tetanus in

areas with poor healthcare access, low vaccination rates, and ongoing
conflicts.



A Tetanus remains a preventable disease, yet it continues to cause significant
morbidity and mortality in reigns with low vaccination coverage, poor wound
care, and limited access to healthcare. Global efforts to vaccinate, improve
maternal and neonatal healthcare, and enhance sanitation are crucial to
reducing the incidence of tetanus worldwide.

PATHOGENESIS.

The pathogenesis of tetanus describes the biological mechanism through which clostridium

tetan causes disease after entering the human body. The following breaks down this process.

1. Entry of the Organism

A Portal of Entry: Clostridium tetanspores usuallgnter the body through a
wound, especially deep or puncture wounds where oxygen is limited
anaerobic conditions, such as:

A Cuts or punctures contaminated with soil or feces.

-Burns

-Surgical wounds
-Umbilical stump in neonates (neonatal tetanus)

A In anaerol environments, thdormant sporesgerminate intactive, toxin-
producing bacteria.
2. Bacterial Growth and Toxin Production

A Clostridium tetanis anobligate anaerobic, grampositive, sporeforming
bacillus.

In the anaerobic environment of a wound, therep germinate and multiply.
The bacterium producespatent exotoxincalledtetanospasmin which is the
main virulence factor.

3. Action of Tetanospasmin Toxin
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A Tetanospasmin ismeurotoxin and is responsible for the clinical symptoms of
tetanus.
A After production, the toxin binds to peripherabtor nerve terminalat the
site of infection.
A ltis thentransported retrogradely, backwagedeng the axon into theentral
nervous systerfCNS).
4. Effects in the Central Nervous System

A In the CNS, tetanospasmiitocks the release of inhibitory neurotransmitters
specifically:
-Gamma-amino butyricacid (GABA)
-Glycine

A These neurotransmitters normally inhibit motor neuron activity. Their absence
results in:
A Uncontrolled excitation of motor neurons



A Persistent musclecontraction and spasmgrigid paralysis)

Clinical Manifestations.
1 Early signsinclude:

A Jaw stiffnesstfismus or lockjaw)
A Neck stiffness
A Difficulty swallowing

1 Progressive signs

A Rigid abdominal and back muscles a condition known as opisthotonus.
A Painfu muscle spasms triggered by minor stimuli, light, sound, touch.
A Generalized toniclonic seizures in severe cases

T Autonomic dysfunction may also occur in severe cases:

A Fluctuating blood pressure
A Cardiac arrhythmias
A Fever and sweating.

Tetanus toxin Spastic paralysis

Clostridium tetan!
¢ ’ (i Excitatory
I transmitter

Continucus

CNS motor neurony = excitatory
stimulation
letanospasmin l
INHDION —— Blocks release
transmitter of inhibitor

transmitter

Clinical Types of Tetanus:

1. Generalized tetanus’ Most common, involves widespread muscle rigidity and
spasms.

2. Localized tetanusi Muscle rigidity near the site of injury, may progress to
generalized.

3. Cephalic tetanusi Rare, follows head wounds, often affects cranial nerves.

4. Neonatal tetanusi Occurs in newborns, usually due to poor umbilical cord care.

SIGNS AND SYMPTOMS.



Tetanus is characterized pyogressive muscle rigidity painful spasms andautonomic
instability . Early recognition of symptoms like lockjaw and neck stiffness is critical for
timely treatment.

Early Symptoms:

A Trismus (Lockjaw)inability to open the mouth due to masseter muscle
spasm.lt is the most common initial sign.

A Stiffness inneck and shoulders

A Difficulty swallowing (dysphagia)

A Generalized muscle stiffness or pain

A Sore throat or irritability.

Progressive Symptoms:
T Muscle rigidity and painful spasmsinvolving:

A Limbs

A Facial muscles leading tesus sardonicyi is a grimacdike smile.
Opisthotonus: Severe arching of the back due to powerful back muscle spasms
Laryngospasm:Can lead to breathing difficulty or airway obstruction
Spasms triggered by stimulj touch, sound, or light.
Board-like abdominal rigidity

= =4 4 =4

Autonomic Nervous Sytem Involvement (Severe Cases):

Sweating also known as diaphoresis.

Fluctuating blood pressure, labile hypertension or hypotension.

Fever

Arrhythmias, abnormal heart beats. It can be fast called tachycardia, or lower
called bradycardia.

Neonatal Tetanus $mptoms (in infants <28 days):
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Inability to suck or breastfeed

Excessive crying or irritability

Generalized stiffness and spasms

Umbilical stump infection, usually the commonly the portal of entry.

Summary Table:
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System Sign/Symptom
Trismus (lockjaw),
Musculoskeletal stiff neck, back, and
limbs

Painful spasms,
Neurological opisthotonus, risus
sardonicus



System

Autonomic

Respiratory

Gastrointestinal

Neonatal

Investigations for Tetanus

There are no specific laboratory tests to definitively diagnose tet:
as the diagnosis @imarily clinical , based on characterissggns
and symptoms. However, investigations can help support the
diagnosis, rule out other causes, assess severity, and guide

management.

Ve

A Clinical Diagnosis (Primary Tool)
-History of injury or wound especially if dirty or puncture

type.

-Incomplete immunization history

-Symptoms trismus lockjaw, muscle stiffness, spasms,

opisthotonus

-No loss of consciousne$s contrast to seizures.

A Supportive Laboratory Tests
While not confirmatory, these tests may aid the clinical picture:

a. Wound Culture

1 Clostridiumtetanican be isolated from the wound, but:

A Low sensitivity i many cases have negative cultures

A Not required for diagnosis
b. Gram Stain (from wound)

1 May showgram-positive, drumsticlshaped bacillwith

terminal spores

Sign/Symptom
Sweating, fever,
blood pressure
fluctuations
Laryngospasm,
difficulty breathing,
risk of asphyxia
Difficulty
swdlowing, rigid
abdomen
Inability to feed,
rigidity, spasms,
umbilical infection



System
1 Rarely done unless part of broadeyund assessment

Blood Tests (Nonrspecific)

A Complete Blood Count usually show mild
leukocytosis.

A CRP/ESRmay be mildly elevated

A Serum electrolytes and renal functiorto monitor
systemic effects and detect complications like
rhabdomyolysis.

Tetanus Antitoxin Test (Serology)

1  Measuregirculating antibodies to tetanospasmin
1 Low or absent levels indicate susceptibility, but:

-Not used for acute diagnosis

-Mostly used in population surveys or pre
Immunization screening

Differential Diagnosis Workup
To rule outother conditions with similar symptoms:

1 Neuroimaging (CT/MRI brain): If suspecting seizures,
encephalitis, or other CNS causes

1 CSF analysis:Normal in tetanus; abnormal findings may

suggest meningitis or encephalitis

1 Toxicology screen:To rule out strychme poisoning or othel

toxins

Management of Tetanus

Sign/Symptom

The management of tetanus involvesutralizing the toxincontrolling muscle spasms
treating the source of infectipsupporting vital functionsandpreventing complications
Treatment should be imttedimmediatelyupon clinical suspiciorgo not wait for lab

confirmation

1. Neutralization of Unbound Toxin.

Tetanus Immune Globulin (TIG)

A Given to neutralize circulating unbound tetanospasmin.



A Dose:3000 6000 IU intramuscularly, some guidelines 66 1U for mild
cases.

A Administeras early as possible

A In neonatal tetanus: give TIG or equine antitoxin, if TIG unavailable.

2. Wound Care

Debridement
Urgent surgical cleaning of the wound to:

A Remove necrotic tissue and foreign bodies
A Stop ongoing prodttion of tetanospasmin.

2. Antimicrobial Therapy.

Metronidazole (first-line)

A Dose: 500 mg IV or orally everyi 8 hours for Y10 days
A Kills Clostridium tetanand prevents further toxin production
A Alternative: Penicillin G it is less preferred as it may @atiate GABA
inhibition.
4. Control of Muscle Spasms

Sedation and Muscle Relaxants

A Diazepam(benzodiazepine): controls spasms and provides sedation
Also has anticonvulsant properties

A Other agentsMidazolam, Lorazepam, or Baclofen

A Severe spasms may require

A Neuromuscular blockadelike vecuronium andnechanical ventilation.
Oxygenate the patient.

5. Supportive Care (ICU Care)

A Airway management may require intubation or tracheostomy in severe cases

A Mechanical ventilation: for patients with respiratory compnise
A Nutritional support : high-calorie needs due to sustained muscle activity
A Hydration and electrolyte balance

A Urinary catheterization if spasms make urination difficult

6. Control of Autonomic Dysfunction

A Magnesium sulfateit helps stabilize autonomic stem and reduce spasms

A Beta-blockers or clonidine may be used for hypertension or tachycardia
7. Immunization

A Tetanus infection does not confer immunitypatients should receive:
-A full course of tetanugxoid-containing vaccinesuch as Tdap.



-Begin durng recovery once patient is stable

8. Monitoring for Complications

A Pneumonia, fractures ranging from severe spasms, rhabdomyolysis, renal
failure
A Autonomic instability: cardiac arrhythmias, BP fluctuations
Summary Table:

Component Management
Neutralize tain Tetanus immune globulin (TIG)
Eliminate source Wound debridement, Metronidazole
Control spasms Diazepam, Midazolam, Baclofen, Muscle relax
ICU support Airway management, Ventilation, Fluids, Nutrit
Manage autonomic effecMagnesium sulfateBetablockers, Clonidine
Prevent recurrence Begin tetanus vaccination during recovery

5. Prevention and Vaccination:

A Vaccination: The primary prevention measure for tetanus is vaccination. The
DTaP (Diphtheria, Tetanus, and Pertussis) vaccine is comngrgoan to

children, followed by Tdap boosters in adolescents and adults. In countries
where tetanus is endemic, maternal vaccination is also recommended to
prevent neonatal tetanus.

Booster Shots:Adults are advised to get a tetanus booster shot evergdls,

or after any major injury that could involve contamination with soil or dirt.
Hygiene and Wound Care:Proper wound care and hygiene are crucial in
preventing tetanus, especially in individuals with deep or contaminated
wounds.
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Prognosis:
A Good withearly and aggressive treatment, especially in mild cases.
A Poorer prognosis in:

-Neonatal tetanus

-Short incubation period (<7 days)

-Absence of prior vaccination

-Delay in treatment or lack of ICU support



6. Recovery and Immunity

A Recovery depends on thegeneration of new nerve terminals since the
binding of tetanospasmin is irreversible.

A Natural infectiordoes not confer immunity because the amount of toxin
needed to produce disease is too small to stimulate an immune résponse
hence the need factive immunization after infection.

Gram-Negative Bacilli (Rods)

A gram negative bacillus is a reshaped bacterium that does not retain the crystal violet
stain during Gram staining and instead appears pink or red due to the counterstain usually
safranin.Thids because it has a thin peptidoglycan layer and an outer membrane containing
lipopolysaccharides (LPS.)Which is the characteristics of Gragative bacteria.

Examples of microorganism in this category are

A Escherichia coli.

A Salmonella.

A Pseudonomas aurginsa
A Klebsiella pneumonia.

General Features

A They are roeshaped bacteria.

A They stain pink with Gram stain (thin peptidoglycan layer).

A They have outer membrane contdipspolysaccharide (LPS)an endotoxin.
A Often more resistant to antibiotics than Grpasitive bacteria.

Classification
1. Enteric Enterobacteriaceae family.

A Found in the intestinal tract.

Facultative anaerobes.

Examples:

-Escherichia colit UTI, diarrhea, sepsis.

A
A

-Salmonellai typhoid fever, food poisoning.
-Shigellai bacillary dysentery.
-Klebsiella® pneumonia, UTI.
-Proteusi UTI, kidney stones.
2. Non-Enteric

1 Often found in soil, water, or hospital environments.
1 Examples:



Pseudomonas aeruginosapportunistic infections, burns, CF
patients.

Acinetobacter -nosocomial infections.

Haemophilus influenzai respiratory infections, meningitis.
Legionella pneumophilai Legi onnai resod6 di sease.
In general the following are Gram negative Bacillus bacteria of medical importance.
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1. Enterobacteriaceae (facultative anaerobes, oxidasegative)

Escherichia colii It causes,UTIs, septicemia, meningitis, diarrhea
Klebsiella pneumoniaei It causes, pneumonia, UTIs, sepsis

Salmonella spp.i They causes, typhoid fever, gastroenteritis

Shigella spp.i They cause, bacillary dysentery,bloodly diarrhea. (shigs)osi
Proteus spp.i They cause,UTIs, wound infections

Enterobacter spp.i They cause, nosocomial infections

Serratia marcesceng Associated with hospitacquired infections

Yersinia pestisi It causes plague

Yersinia enterocoliticai It causes enterocolitis
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2. Pseudomonadaceae (aerobic, oxidapesitive)

1 Pseudomonas aeruginosa opportunistic infections (burns, cystic fibrosis, wounds)
3. Vibrionaceae

1 Vibrio cholerae 1 It causes cholera

T Vibrio parahaemolyticus i It causes seafoelated gastroenteritis

T Vibrio vulnificus 7t causes wound infections, septicemia
4. Campylobacteraceae

1 Campylobacter jejuni i gastroenteritis, GuillakBarré syndrome.

5. Helicobacteraceae

T Helicobacter pylori i It causs peptic ulcers, gastric cancer

(o)}

. Legionellaceae

1 Legionella pneumophilai Legionnaires' disease

\l

. Bacteroidaceae (anaerobes)

1 Bacteroides fragilisi intra-abdominal infections, abscesses

[o0]

. Pasteurellaceae

1 Haemophilus influenzaei meningitis, otitis media, pneumonia
1 Pasteurella multocidai wound infections from animdlites



9. Brucellaceae

T Brucella spp.i causes brucellosis undulant feydndulant feveris a chronic,
relapsing fever causedBrycellspecies, characterizedrigrmittent undulating
fever sweatingfatigue and joint or muscle pairit is commonly transmitted
through unpasteurized dairy prodycisect contact with infected animalsinhalation
of contaminated aerosols

10. Bordetellaceae

1 Bordetella pertussisi causes, whooping cough
11. Francisellaceae

1 Francisella tularensisi It causes tularera
12. Acinetobacter spp.

T Acinetobacter baumanniiT It causes, hosocomial infections, multidrug resistance

Pathogenesis of Grarmegative bacilli.

Entry : Enter the body via respiratory, gastrointestinal, urinary, or wound routes.
Adherence Use pili/fimbriae to attach to host cells.

Invasion: Penetrate tissues using invasins or by exploiting host cell pathways.

Toxin production: Release exotoxins such as enterotoxins, cytotoxins and LPS
(endotoxin), causing tissue damage and systemic effects.

Immune evasion Evade host defenses using capsules, antigenic variation, and
resistance to phagocytosis or complement.

6. Spread Disseminate through tissues or bloodstream, leading to localized or systemic
infections like sepsis

rwnhE
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Laboratory Diagnosis.
1. Oxidase Test
Purpose Detects cytochrome c oxidase.

A
A Positive Pseudomona¥/ibrio, Neisseria
A Negative Enterobacteriaceae

2. Catalase Test



A
A

Purpose Detects enzyme catalase that breaks down hydrogen peroxide.
Most Gram-negative bacilliarecatalase positive

3. Indole Test

A
A
A

Purpose Detects tryptophanase enzyme (produces indole from tryptophan).
Positive E. coli, Proteus vulgaris
Negative Klebsiella Enterobacter

4. Methyl Red (MR) Test

A
A
A

Purpose Detects mixed acid fermentation.
Positive E. coli, Proteus
Negative Enterobater, Klebsiella

5. VogesProskauer (VP) Test

A
A
A

Purpose Detects acetoin production.
Positive EnterobacterKlebsiella
Negative E. coli

6. Citrate Utilization Test

A
A
A

Purpose Tests ability to use citrate as sole carbon source.
Positive Klebsiella Enterobacer
Negative E. coli

7. Urease Test

A
A
A

Purpose Detects urease enzyme (hydrolyzes urea to ammonia).
Positive Proteus Klebsiella
Negative E. coli

8. Triple Sugar Iron (TSI) Agar

A

A

Purpose Tests fermentation of glucose,
production
Differentiates manynterobacteriaceae

9. Motility Test

o
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Treatment

Purpose Determines bacterial motility.
E. coli, Proteusi Motile
Klebsiellg Shigellai Non-motile

S Production Test

Purpose Detects hydrogen sulfide production.
Positive SalmonellaProteus
Negative Shigellg E. coli

Depends on species and sensitivity.
Common drugscephalosporins, carbapenems, aminoglycosides,
fluoroquinolones



A Antibiotic resistancés a major concern for example in ESBLs, carbapen
YERSINIA PESTIS.

A bacteriathat causes plague, a severe infectious disease that historically been associated
with devastating pandemics. The most famous of these is the Black Death which killed
millions of people in Europe during the'14

General characterics.
Bacterium: Yersinia @stis

A Gram-negative rod-shapedbacterium.
A Facultative anaerobig and capable of surviving in both the intestinal
tract of fleas and the tissues of mammals.
A Y. pestigproduces several virulence factors, includirgapsuleand
plasminogen activatorthat alow it to survive and spread in hosts.
Plagueoccurs in three main formbubonic plague septicemic plague andpneumonic
plague

Types of Plague:

Bubonic Plague:

A Most common formaccounts for 885% of cases.
A Transmission Typically spread through thetbiof an infectedlea often
from rats that carriesrersinia pestis
Clinical Features.

Feverandchills.

Painful, swollen lymph nodesbuboes, which are typically found in
thegroin, armpit, or neck.

Headacheandmuscle aches

Skin over the buboes may tured, thenblack, due to necrosis and
gangrene.

Septicemic Plague:
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A Transmission Can develop fronuntreated bubonic plagueor direct
exposure to the bacterium througbund infections
Clinical Features.

A Severe septic shoclith high fever, hypotension low blood pressure, and
multiorgan failure .
A Abdominal pain, vomiting, anddiarrhea may occur.
A Gangrenemay develop, especially in fingers, toes, and the nose, leading to
blackened skin hence, Black Death.
Pneumonic Plague:

A Transmission Can be transmittetthroughaerosol dropletsfrom coughing or
sneezing of infected individuals, this makelighly contagious
Clinical Features.



Feverandchills.

Cough, sometimes witlbloody sputum

Shortness of breath chest pain andrespiratory failure .

Severeif untreated, with rapid progression tespiratory failure and death
within 24-48 hours

Transmission:
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A Primary Reservoir: Yersinia pestigrimarily resides irwild rodents such as
rats, squirrels, prairie dogs, andfleasare the primary vectors.

A Flea Bite When aflea bites an infected rodent, it becomes infected with the
bacteria. The bacteria block the f
infected material when it bites another host.

A Human-to-Human: The pneumonic form of plague ishighly contagious
and can spread directly between humans via respiratory droplets such as
coughing.

A Direct Contact: Handling infected animals or tissues can also transmit the
bacterium, especially in casesvebund infection or septicemic plague

Pathogenesis:
1.Entry and Spread:

A When the bacterium enters through the skin from flea bites or direct
contact, it travels through tigmphatic system causingouboes
swollen lymph nodes.

A In the case ofepticemic plagueYersinia pestisan enter the
bloodstream and spread to atleegans, causing systemic infection and
septic shock

A In pneumonic plague the bacteria infect the lungs and cause
respiratory distress.

Diagnosis:

1. Clinical Signs A history of exposure to fleas, rodents, or infected persons
is crucial for diagnosis.
2. Microbiological Testing:

A Gram stain of buboesor blood to identify Yersinia pestis(coccoid,

gramnegative rods).

A Cultures from blood, sputum, or buboes

A PCR Polymerase Chain Reactioffor detectingY. pestisDNA.

A Serologycan also be used to detect aoties against the bacterium.

Treatment:
1. Antibiotics: Early treatment is crucial for reducing mortality.

A Streptomycin or gentamicin are commonly used as firkihe
antibiotics.

A Tetracycline e.g., doxycycline anfluoroquinolones such as
ciprofloxacin arealso effective.

A Supportive care Forpneumonic plague respiratory support
mechanical ventilation may be needed.



Prevention:
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A Isolation: In the case gbneumonic plague patients should be
isolated due to the risk of humémhuman transmission.

Flea Control: Reducing exposure to fleas by usingecticideson pets and
living areas, especially in areas where plague is endemic.

Rodent Control: Preventing rodent infestations and limiting exposure to wild
rodents.

Vaccine There is currently no widely availablaccine for plague, though
there are experimental vaccines.

Avoiding Contact: People in areas where plague is endemic should avoid
handling sick or dead animals, especially rodents.

Use of Antibiotics In cases of exposure, prophylactic antibiotics (e.g.
doxycycline or ciprofloxacin) can prevent infection.

9. Prognosis:

A

A
A

A

Bubonic plaguehas ahigh mortality rate up to 1520% if untreated, but with
antibiotics, the mortality rate drops significantly.

Septicemic plaguehas a very high mortality rate up toQP®@ if untreated.
Pneumonic plaguealso has a high mortality rate if not treated rapidly (up to
100% without treatment), but with timely antibiotics, survival rates improve.
Early diagnosis and prompt treatmentare critical for survival.

10. Public Health Sgnificance:

A

A

Although rareplaguestill occurs in certain parts of the world, particularly in
Africa, Asia, andthe Americas(e.g., southwestern United States).

The disease is closely monitored by Werld Health Organization (WHO)
and is considered@ategory A bioterrorism agentdue to its potential for
rapid spread and high fatality rate.

Plague outbreakshave been historically catastrophic, with the most famous
being theBlack Deathin the 14th century, which killed an estima&®30
million people in Europe.

Summary Table

Aspect

Causative
Agent

Details

Yersinia pestigGramnegative bacterium)

Types of Plague Bubonic, Septicemic, Pneumonic

Transmission

Clinical
Features

Diagnosis
Treatment

Prevention

Prognosis

Flea hites, direct contact with infected animals, huwteamuman
(pneumonic)

Fever, chills, swollen lymph nodes (buboes), muscle aches, respiratc
failure (in pneumonic plague)

Clinical signs, gram stain, PCR, blood cultures

Antibiotics (streptomycin, doxycycline), supportive care

Flea and roderdgontrol, antibiotics for exposure, no available vaccine
currently

Mortality high without treatment, but low with prompt antibiotic



Botulism Infection.

Botulism is a rare but potentially fatal disease caused by botulinum toxin, produced by
baderium Clostridium botulinum. This toxin causes flaccid paralysis and it primarily affect
the cranial nerves and leading to the respiratory failure if the patient is not well attended.

The general characteristics of Clostridium botulinum.

A Gram-positive, spore-forming, anaerobicbacillus.

A Produces the potent neurotoxiatulinum toxin, the most toxic
substance known to humans.

A Found insoil, dust, and improperly canned foodsand can be found
in the intestinal tracts of animals.

Global and Regional Patterns:

A United States 100 cases/year, mostly infant botulism.

A Africa & Asia : Underreported; potential for outbreaks due to poor food
preservation.

A Endemic areas Alaska in fermented fish products, Iran, China in homemade
foods.

A Outbreaks: Typically linked to foa-processing failures or contaminated

homemade foods.

Risk Factors:

A Consumption of improperly processed foods.
A Use of injectable drugs like black tar heroin.
A Infant exposure to honey or soil/dust.

Types of Botulism:
1 Foodborne Botulisnt

A Occurs when contamated food containingotulinum toxin is
ingested.
A Common sourcesmproperly canned foods preserved fish, and
honey in infants.
T Infant Botulism:

A Most common form in infants under 1 year old, caused by the
ingestion of botulinum sporeghat germinate anproduce toxin in the
intestines.

A Associated witthoneyconsumption.

1 Wound Botulism:



Occurs wherC. botulinumspores contaminateveound and produce toxin
locally, often associated withjecting illicit drugs especiallyblack tar
heroin.

7 Inhalation Botulism:

Extremely rare but can occur if botulinum toxinnkaled such as
bioterrorism.

1 latrogenic Botulism:

Rare cases due twerdose of botulinum toxinduring medical treatments,
such as botox injections.

Pathogenesis:

Incubation Period: Typically 1236 hous after ingestion of contaminated food or wound
contamination.

Ingestion of Botulinum Toxin:

1. Thebotulinum toxinis absorbed into the bloodstream and travels to the
nervous systenmwhere it blocksacetylcholine releas& neuromuscular
junctions, causg muscle paralysis

2. Mechanism of Action

A The toxin prevents the releaseaaktylcholineby cleaving SNARE
proteins required for vesicle fusion, thus inhibiting neurotransmitter
release at thmotor endplate

A Paralysigegins in theranial nervegleading todiplopia, ptosis
dysphagi® and progresses tespiratory muscledeading to
respiratory failuren severe cases.

Common Symptoms
1. Cranial nerve involvement

Diplopia (double vision)
Ptosis(drooping eyelids)
Dysphagia(difficulty swallowing)
Dysarthria (slurred speech)
Dry mouth and throat
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2. Muscle weakness

A Flaccid paralysis starting with cranial muscles and descending to the
extremities.



A Weakness itimbs progressing toespiratory musclesleading to
respiratory failure

3. Autonomic dystnction:

A Constipation, urinary retention , andhypotensiondue to impaired
autonomic nervous system function.

4. No fever Unlike many bacterial infections, botulism does not cause fever.
Diagnosis:
Clinical Diagnosis

Based on symptoms such as cranial eémvolvement, muscle weakness and history of
foodborne exposure, recent wound or drug use.

Laboratory Tests:

Detection of botulinum toxinin serum, stool, orwound samples.
Culture of C. botulinumfrom food, stool, or wound to identify the
bacterium, thogh diagnosis is primarily based on toxin detection.
Electromyography (EMG): Shows characteristic changes consistent
with botulism such delayed or absent response to nerve stimulation.
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Treatment:
Botulinum Antitoxin :
A Equine-derived botulinum antitoxin is the main treatment to

neutralize circulating botulinum toxin.
Human botulinum immunoglobulin (BabyBIG) for infant botulism.

Supportive Care:

>\

Mechanical ventilation: To manage respiratory failure may be
required for weeks in severe cases.

Nutritional support : Often via tube feeding or parenteral nutrition
while the patient is unable to swallow.

Wound Care: In wound botulism, thorough debridement and use of
antibiotics such agenicillin or metronidazoleto control the bacterial
infection may be necessary.

>\
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Anti biotics:

1. Metronidazoleor Penicillin especially for wound botulism to prevent further bacterial
growth.

2. Botulinum toxin injection for cosmetic and medical purposes, but not for treating
botulism disease itself.

8. Prevention:



1 Proper Food Preparation

A Home-canned foodsshould be properly processed such as pressure
cooking to killC. botulinumspores.
A Infants under 1 year oldshould avoichoneydue to the risk of
botulism spores.
A Refrigeration of perishable foods and avoidance of bulging or leaking
cans
1 Wound Care:

Prompt treatment of any wound infection, especially in individuals at risk such
as intravenous drug users.

1 Vaccination: There is no vaccine for botulism, but immunoglobulin therapy for
infants and botulinum antitoxin for adults can be givehighrisk exposures.

Prognosis:

A Mild cases With early treatment, recovery can occur within a few weeks to
months.

A Severe casedn cases involving respiratory failure, the mortality rate can be
high if mechanical ventilation and supportive care argprmtided.

A Recovery Full recovery from botulism is possible with appropriate care, but it
may take several weeks to months, especially if the patient requires
mechanical ventilation.

Public Health Significance:

Botulism is arare disease but it can caussignificant morbidity and mortality if not
diagnosed and treated quickly.

A Foodborne botulism outbreaksare rare but can be serious and involve
multiple people, especially after consuming contaminated teamped foods
or improperly preserved items.

A Wound botulism is increasingly associated withjecting drug use,
highlighting the need for harm reduction strategies-nsi&tpopulations.

Summary Table

Aspect Details
Causative ) ostridium botulinun{botulinum toxin)
Agent
Type; of Foodborne, Infat, Wound, Inhalation, latrogenic
Botulism
Clinical Diplopia, ptosis, dysphagia, flaccid paralysis, autonomic dysfunction
Features ’ ’ ’ ’
Diagnosis Clinical, toxin detection (serum/stool/wound), EMG
Treatment Botulinum antitoxin, supportive care (ventilation, feedirag)tibiotics (for

wound botulism)
Prevention Proper food preparation, wound care, avoid honey in infants



Aspect Details
Prognosis Full recovery possible with treatment, may take weeks to months

General Characteristics of Mycobacteria and Spirchaetes
Mycobacteria:

Acid-fast due tanycolic acidsin cell wall.
Slow growth rate likeMl. tuberculosigakes 26 weeks to grow.

Intracellular pathogens. Multiply and cause pathological effects inside the host cell.
Resistant to desiccation and disinfedtta
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Spirochaetes:

T Helical, flexible bacteria.
1 Move viacorkscrew motility, facilitated by an axial filaments.
1 Cannot be cultured easily excémptospira
T Includes:
o Treponema pallidunsyphilis)
o Borrelia burgdorferi(Lyme disease)
o Leptospira interrogangleptospirosis)

Mycobacteriai Diseases, Diagnosis, and Treatment
Mycobacterium tuberculosis

1 DiseaseTuberculosis, pulmonary and extra pulmonary.Transimitted via inhalation.
1 Symptoms:Chronic cough, hemoptysis, night sweats, weight loss
0



Non-Tuberculous Mycobacteria (NTM):

T M. aviumintracellulare complex (MAC) common in AIDS patients.
1 Treatment: Macrolides,clarithromycin/azithromycin) + ethambutol + rifampin.

Spirochaetesi Diseases, Diagnosis, and Treatment

Organism

Treponema
pallidum

Borrelia
burgdorferi

Leptospira
interrogans

Disease

Syphilis (primary,
secondary, tertiary)

Lyme disease

Leptospiro

disease: jaundice, ren:

failure)

Diagnosis
Dark-field microscopy
(chancre fluid),
VDRL/RPR, FTAABS

ELISA, Western blot

Microscopy, serology
(MAT)

GRAM -POSITIVE BACTERIA.

Drug of Choice
Penicillin G

Doxycycline (early);
ceftriaxone
(neuro/cardio forms)

Doxycycline or
penicillin

Grampositive bacteria are bacteria that retaindtyestal violet stain during theGram
staining procedure and appejpurple under the microscope. This is due to thieick
peptidoglycan layerin the cell wall, which traps the crystal viciedine complex.

Key Features:
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Thick peptidoglycan layer (20i 80 nm)
No outer membrane
Teichoic acids and lipoteichoic acidé thecell wall
Susceptible to lysozyme

Typicallymo r e s e n dactam antibioticso b

2. Gram-Positive Bacteria of Medical Importance

Cocci:
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Staphylococcus aureus
Staphylococcus epidermidis
Staphylococcus saprophyticus
Streptococcus pyogen@sroup A)
Streptococcus agalactig&roup B)
Streptococcusrmpeumoniae
Enterococcus faecalis/faecium

Bacilli (Rod-shaped):

1 Bacillus anthracis
1 Bacillus cereus



Clostridium tetani
Clostridium botulinum
Clostridium difficile
Clostridium perfringens
Listeria monocytogenes
Corynebacterium diphtheriae
Actinomyces israelii
Nocardia asteroides
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3. Basic Structure of GramPositive Bacteria

'l Let me know i f youdd I|Ii ke a diagram.|]
Cell Wall Structure:

Thick peptidoglycan layer: Retains Gram stain

Teichoic acids:Structural function; involved in adhesion and immune response

No outer membrane or periplasmic space
Surface proteins:Act as virulence factors (e.g., M proteinSnpyogengs
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Characteristics of Gram-Positive Bacteria of Medical Importance
Staphylococcus spp.:

1 Gram-positive cocci in clusters

1 Catalasepositive

T S. aureuss coagulasgositive; produces toxins

1 S. epidermidisS. saprophyticuare coagulasaegative

Streptococcus spp.:

1 Gram-positive cocci in chains

1 Catalasenegative

71 Classified byhemolysisandLancefield grouping
S. pyogenek b-hemolytic, Group A

o S. agalactiag¢ b-hemolytic, Group B

o S. pneumoniag U-hemolytic, encapsulated
o Enterococcu$ 2-hemolytic (no hemolysis)

o

Bacilli:

1 Bacillus sppi sporeforming aerobes

T Clostridium sppi sporeforming anaerobes

f Listeriai motile, gows in cold

1 Corynebacteriuni club-shaped, metachromatic granules

1 ActinomycesNocardiai branching filamentd\ocardiais weakly acidfast.

Diseases, Diagnostic Techniques, and Drug of Choice



Diagnostic

Organism Diseases Techniques Drug of Choice
Skin infections, Culture, Gram - .
. . . Nafcillin, vancomycin
S. aureis pneumonia, osteomyelitis stain, coagulase
; (MRSA)
toxic shock test
S. epidermidis Prosthetic device infectimcunure’ catalase Vancomycin
& coagulase tests
S. saprophyticus  UTlIs in young women  Urine culture Nitrofurantoin
S. pyogenes Pharyng_ms, impetigo, Rapid antigen tes Penicillin
rheumatic fever culture
S. agalactiae Neonatal meningitis, seps ggllt:l;re (vaginal, Penicillin
L : Gram stain,
. Meningitis, pneumonia, . .
S. pneumonia o : optochin Ceftriaxone
otitis media o
sensitivity
Enterococcus Endocarditis, UTIs Cultu_re, bile Amp|C|II_|n_ -
esculin test gentamicin
Bacillus anthracis Anthrax Culture, PCR Ciprofloxacin
B. cereus Food poisoning Clinical diagnosis Supportive
Clostridium tetani Tetanus Clinical M etronldazole_, tetanu
immunoglobulin
C. botulinum Botulism Toxin detection Antitoxin, supportive

care

Antibiotic-associated Vancomycin (oral),

C. difficile ) Toxin A/B in stool . 7
diarrhea fidaxomicin

C. perfringens Ga§ gangrene, food Anaerobic culture Penicillin
poisoning

Listeria Meningitis in CSF culture Ampicillin
neonates/elderly

Corynebacterium . . Antitoxin +

diphtheria Diphtheria Culture, Elek test erythromycin

Actinomyces Oral/facial abscesses Slljlsfur granules in Penicillin

Nocardia Pulmgnary or CNS Mophﬁed acidfast TMP-SMX
infections stain

ZOONOTIC AND VECTOR -BORNE BACTERIA.

Zoonotic bacteriaare pathogens naturally maintained in animals that can be transmitted to
humans, causing disease. Transmission can occur via direct contael, laites, ingestion of
contaminated food, or exposure to animal products.

Vector-borne bacteriaare those transmitted to humans asthropod vectors such as ticks,
lice, fleas, which act as carriers from animal reservoirs or the environment.



Medically I mportant Zoonotic and Vector-Borne Bacteria

Pathogen Reservoir Vector (if any) Human Disease
Brucella spp. ;gt;le, goats, None Brucellosis (undulant feve
Francisella tularensis Rabbits, Ticks, deer flies  Tularemia

rodents
Yersinia pestis Rodents Fleas Plague
Leptospira interrogans Rodents (urineWaterborne (no Leptospirosis
vector)
Bacillus anthracis Livestock No vector Anthrax
Pasteurella multocida Cats, dogs No vector Cellulitis after bite
Bartonella henselae  Cats Cat scratch, fleas Catscratch disease
Rickettsia rickettsii Rodents, dogs Ticks (Dermacentowfz?/gl:y Mountain spotted
Rickettsia prowazekii Humans Lice Epidemic typhus
Rickettsia typhi Rodents Fleas Endemic typhus
Ehrlichia chaffeensis  Deer Lone Star tick H”mar? m_onocyt|c
ehrlichiosis
Anaplasma Human granulocytic

. Deer, rodents Ixodes tick .
phagocytophilum anaplasmosis

Borrelia burgdorferi Rodents, deer Ixodes tick Lyme disease

Brucella Species
Species of Medical Importance:

melitensigyets an access to human body fravatg and sheep.
abortusgets an access to human body from cattles.

suis gets an access to human body from pigs.

canisgets an access to human body from dogs.
Transmission:
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A Unpasteurized dairy products

A Direct contact with animal fluids/tissues

A Inhalation, specially in lab exposure.
Clinical Features:

A Undulating fever, night sweats, arthralgia, hepatosplenomegaly.
A Chronic cases: osteomyelitis, endocarditis
Diagnosis:

A Blood culture, slongrowing, intracellular.

A Serology, it is a standard agglutination test.
A PCR

Treatment:



1 Doxycycline + rifampin for at least 6 weeks

Francisella tularensis (Tularemia)
Transmission:

A Tick and deer fly bites
A Contact with infected animals (especially rabbits)
A Inhalation of aerosols

Clinical Forms:

Ulceroglandular it is the most conom form.

Pneumonic.

Oculoglandular.

Typhoidal sepsis,kind of bacterial multiplication due to presence of typhoid
fever.
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Diagnosis:

Culture requires cysteiargch media, dangerous to handle.
Serology, PCR
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Treatment:

1 Streptomycin,first-line.
T Alternatives: gatamicin, doxycycline.

Leptospira interrogans.

Transmission:
A Contaminated water exposure to animal urine.
A Entry via skin or mucous membranes

Clinical Features:

A Biphasic illness:
-Initial flu-like illness

-Immune phase: meningitis, jaundice, renal faille(i | 6 s di sease)
Diagnosis:
A Serology (MAT), PCR
A Dark-field microscopy (limited use)
Treatment:
A Mild: Doxycycline
A SeverelV penicillin or ceftriaxone

Bacillus anthracis (Anthrax)

Transmission:



1 Contact with infected animal products
T Inhalation of spores(woslor t er sé6 di sease)
1 Ingestion possible but rare.
Clinical Forms:
1 Cutaneous anthrax painless black eschar
1 Inhalational anthrax: widened mediastinum, hemorrhagic mediastinitis
T Gastrointestinal anthrax
Diagnosis:

T Grampositive rods in chains ("boxcar")
1 Culture, PCR

Treatment:

T Ciprofloxacin or doxycycline
1 Add antitoxin for inhalational form.

Pasteurella multocida
Transmission:
Dog and cat bites or scratches
Clinical Features:
A Rapidonset cellulitis
A Can lead to abscesses, osteomyelitis, or septic arthritis
Diagnosis:
A Culture from wound
A Gramnegative coccobacilli

Treatment:

A Amoxicillin -clavulanate (Augmentin)
A Avoid cephalexin (ineffective)

Bartonella henselae
Transmission:
Cat scratches or flea bites
Clinical Features:
A Cat-scratch diseaseregional lymphadenopathy

A Bacillary angiomatosisin immunocompromised patients
Diagnosis:



A Serology
A WarthinStarry silver stain,angiomatosis.
Treatment:

A Mild: self-limited
A Severe or immunocompromiseakzithromycin or doxycycline
Rickettsial Diseases

General Features:
A Obligate intraellular Gramnegative bacteria

A Infectendothelial cells
A Causevasculitis with petechial rash, fever, headache

Species Disease Vector Rash Pattern  Treatment
R. rickettsia Rocky Mountain spotte Ticks Wrists/ a 'Doxycycline
fever (Dermacentor)  trunk
R. — : Trunk Y .
prowazekii Epidemic typhus Lice extremities Doxycycline
R. typhi Endemic typhus Fleas Trunk-centered  Doxycycline
. . Cells
Organism Disease Vector Key Features Treatment
Infected
Ehrlichia Human monocytic Lone Monocytes Morulae in Doxveveline
chaffeensis ehrlichiosis (HME) Startick cytoplasm yey
Anaplasma gr?z;n?ansgri:ggil;locythlxc’des Neutrophils Morulae in Doxycycline
phagocytophilum P tick b neutrophils yey

(HGA)

Anthrax.

Anthrax is a Zoonotic disease caused by the &asitive ,spore formgnbacteria known as
Bacillus anthracis.It primarily affects herbivorous animals but can be transmitted to human
through contact with infected animals, contaminated products, or spores in the environment.

Anthrax is a serious infection because it highd},leteaning it has high mortality even within

the treatment. It progresses rapidly to respiratory failure, septic shock and death.Gastrostinal and
injection anthrax can also be fatal without prompt treatment. Injection anthrax is a rare and
severe form adinthrax that occurs when Bacillus anthraces spores are introduced directly into

the body through injection, it is typically associated with contaminated heroin or other illicit
injectable drugs.

Etiological Agent



It is a caused by theBacillusanthracis vich has the following general characteristic

A They are roeshaped Grarpositive Bacteria.

A Aerobic or facultative anaerobe.

A They are nommotile meaning they have no structures which facilitate motion.

A They are usually anaerobe or facultative anaerobes.

A Theyusually form spores especially under aerobic conditions.

A They are encapsulated, meaning they form capsules, a protein coat surrounding them
as a protective mechanism against immunes system. This capsule is ma&elyp of
D-glutamic acid.

A The spores theyfm are very durable, stay longer, they can survive in soil for

dedicates making eradication very difficult. These spores are resistant to heat,
desiccation and from the action of many disinfectants.

Pathogenesis.
1. Spores enter the hodhhrough skin abrsions, inhalation, ingestion, or injection.

2. Spores germinate into vegetative cells that multiply locally or spread in various
tissues and reproduce in these sites.

3. In the tissues whether localized or systemic they usually produce three major
exotoxirs, which are these.

A Protective antigen.(PA)
A Edema factor (EF)
A Lethal factor (LF)
The action of Exotoxins released by Anthrax Bacteria.

1. The exotoxins bind to the host cells receptors and forma channel of through which Edema
factor and lethal factor enttre cells.

2. The cellular effects of the exotoxins to the host cells are,EF changes the action of fluid
movement within the tissues leading to fluid accumulation and edema. This is because EF
increase cyclic AMP LeveCyclic AMP (cAMP) Levelrefers tolhe concentration afyclic
adenosine monophosphatevithin a cell or biological sample. cCAMP is a cegdahd
messengelinvolved in transmitting signals from extracellular stimuli (like hormones or
neurotransmitters) through the cell membrane and tirgoeitular pathways.

Lethal factor cleaves MP kinase disrupting cell signaling and leading to apoptosis, a
programed cell death.

3.Systemic impact.
The combined effects of these toxins cause

A Immune suppressions, weakening the immune system to becorpettessby
evasion.

A Tissues Necrosis. Necrosis means tissue death due to action of the disease in it.In this
case Tissues will be killed by the exotoxins.

A Septicemia, a type of infection in which there is high number of bacteria in the blood.



A Potential deth if untreated.
Bioterrorism Threat

In a biological war fare anthrax has been one of the infections to be
weaponized.Inhalational anthrax is especially dangerous when dispersed as an aerol.In
2001 anthrax letter attacks in the US.demostrated its potast@biological weapon.
Letters can be sent to various people one they open it the anthrax spores places in the
letters can be inhaled and the infection spreads.

Limited Natural Immunity

Natural infection doesot always produce longlasting immunity, and reinfection is
possible without vaccination.

Pathogenesis pathway.



Spore

[Germination

|

Toxin production

]

Local/systemic
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CLINICAL FORMS.

Anthrax presents ifour clinical forms:

a. Cutaneous Anthrax.
It encounters 95% of anthrax cases. It has thevintig key features.
A Entry through skin abrasions
A Painless black eschawith surrounding edema
A Incubation: 17 days
A May progress to septicemia if untreated.
b. Inhalation Anthrax.



A Inhalation of spores (often occupational)
A Flu-like symptoms, it can k& to sudden respiratory distress then shock. shock
A High mortality if not treated early

c. Gastrointestinal Anthrax

A Ingestion of undercooked meat from infected animals
A Nausea, vomiting, abdominal pain, bloody diarrhea
A High fatality if untreated

d. Injection Anthrax (rare)

A Associated with contaminated drug injection
A Rapid onset softissue infection, edema, necrosis

SIGNA AND SYMPTOMS.

1. Cutaneous Anthrax (most common form)

Entry: Skin through cuts or abrasions
Signs and Symptoms:

A Itchy bump that resembles insect bite

A Painless ulcer with a characteridtiack center (eschar)
A Swelling around the sore

A Fever and malaise (in severe cases)

A Local lymphadenopathy.

2. Inhalation Anthrax (most deadly form)

Entry: Inhalation of spores
Signs and Symptoms:

Flu-like symptoms (fever, cough, fatigue, sore throat)
Severe breathing difficulty

Chest discomfort or pain

Hemorrhagic mediastinitis (widened mediastinum on chestyX
Shock

High fatality rate without treatment

3. Gastrointestinal Anthrax
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Entry: Ingestion of cotaminated meat
Signs and Symptoms:

A Nausea and vomiting (possibly with blood)

A Abdominal pain

A Severe diarrhea (often bloody)

A Sore throat and difficulty swallowing (if oropharyngeal form)
A Fever and septicemia.

4. Injection Anthrax (seen in IV drug users)

Entry: Injection of contaminated drugs
Signs and Symptoms:



Redness and swelling at the injection site

No eschar typically

Abscess or cellulitis

Systemic symptoms such as fever and shock
Rapid progression to sepsis.

5. Non-specific Early Symptoms
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A Early symptors (fever, fatigue, and coughjimic common illnesses
delaying diagnosis and treatment.

A By the time severe symptoms appear, the disease mavhaced and
harder to treat.

Summary Table

Form Portal of Entry Symptoms Fatality (untreated)
Cutaneas Skin Painless black eschar 20%
Inhalation Lungs Fever, dyspnea, shock ~85%
Gastrointestine Mouth/Gut Gl bleeding, severe pai~50%

Injection (rare) Subcutaneous tiss Severe swelling, necro: Variable.

Laboratory Diagnosis

Test Details
Gram stin It;ﬁ)rgg), Grarpositive rods with central spores (not seen
Non-hemolytic colonies on blood agar (medusa head
Culture
appearance)
PCR For confirmation oB. anthracisDNA
Serology Detects antibodies against PA, EF, or LF

ELISA/Immunofluorescece Detection of toxins

Chest xray (inhalational

Mediastinal widening, pleural effusion
form)

Treatment

A First-line antibiotics:

A Ciprofloxacin or doxycycling plus one or two additional antibiotics like,
rifampicin, clindamycin)

A For inhalation osystemic casesggressive supportive therapyand
antitoxin like, raxibacumab or obiltoxaximab are crucial.



Prevention

A Vaccination:

A Livestock vaccination in endemic areas

A Human vaccine (Anthrax Vaccine AdsortiedVA) for high-risk groups
Public health measures

A Proper disposal of animal carcasses

A Control of animal products (hides, wool)

A Personal protective equipment (PPE) ferisk workers.
LYME DISEASE.

T Borrelia burgdorferiis aspirochete bacteriumand theprimary cause of Lyme
diseas in humans, especially in North America.The tarnsmittion is mainly through an
Ixodes ticks usually found on deer or blackleggedRedexvoirsare Small mammals
like white-footed miceand birds.

Epidemiology of Borrelia burgdorferi.

A Geographic Distribution: Endemic inNorth America, especially the
Northeastern, Midwestern, andPacific Northwestern United States; also
found inEurope and parts oAsia.

A Transmission SeasonPeak incidence duririgte spring to early summet
correlating with nymphal ticactivity.

A Risk Factors: Outdoor activities in wooded or grassy areas; lack of protective
clothing or tick repellents.

A Public Health Impact: Mostcommon vectorborne disease in the U.S.
incidence increasing due to changing land use and climate.

Pathogensais.

Lyme disease develops as follows.
1. Tick Bite and Transmission

Infection begins when anfected Ixodes tickusually in itsnymphal stage bites a human
and transmit8orrelia burgdorferiviasalivad ur i ng a pr ol onged bl ood
hours.

2. Local Multiplication and Dissemination

A The spirochetes multiply locally at the site of bite causing an inflammatory skin
lesion known as erythema migrans.

A The spirochetes will then spread via blood and go through connective tissues to
distant sites, such asipts, heart, and nervous system.

3. Immune Evasion

Borrelia avoids being detected by immune system by:

A Antigenic variation of surface proteins, it means it genes changes the
position of the proteins synthesized and displayed on the cell



membrane. These prate are antigens to be recognized by the

immune system. Once the position of these proteins change on the
surface the immune system will not be able to recognized them and act
upon.

Low expression of surface antigens the tick and during early

infection.

Binding ofhost complemeniregulatory proteins to avoid lysis.The
spirochetes will bind into the complements proteins to avoid being
coated by antibodies, the phagocytosis will not be possible.

4. Tissue Tropism and Inflammation

A
A

A
A

The spirochetes exhiltitopi sm for skin, joints, heart, and nervous
tissue.

Hostinflammatory responseto bacterial components causes the
clinical manifestationsof Lyme disease:

Early: Rash, fldike symptoms.

Disseminated: Arthritis, carditis, neuroborreliosis.

5. Chronic Manifestations

If untreated, persistent infection amimune-mediated inflammation may lead tachronic
arthritis or neurological symptomslike cognitive disturbances.

Eggs

S
Risk of \
hurman b
¢ \
nfection )

greatestin

%\ iate spring 4
o

LY and st m.t,-r .
\.\‘__ /
SUMMER | Larva \

* |-

cocaven

SIGNS AND SYMPTOMS OF LYME DISEASE.



Early Localized Stage.

It takes days to weeks after Tick Bite.

A Erythema migrans (EM): A characteristic expanding red rash, often with
centr al c | -eyel' appeam@ncd).It dcauts Ini@@% of cases.
Fever

Chills

Fatigue

Headache

Muscle and joint aches

Swollen lymph nodes.

Early Disseminated Stage.
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It takes weeks to months after the bite.
A Multiple erythema migrans lesions
A Neurological symptoms
-Facial palsy (Bell's palsy)
-Meningitis presented by headache, stiff neck, photophobia.

-Radiculopathy caracterized by shooting pain or numbness)

A Cardiac involvement
-Lyme carditis presented by atrioventricular block, palpitations, dizziness.

A Migratory joint pain

Late Disseminated Stage.
It takes months to years later if untreated.

Intermittent or chronic arthritis , especially in large joints like the knee
Chronic neurological problems

Polyneuropathy

Encephalopathy presented by memory issues, sleep disturbances, mood
changes.
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A Fatigue and malaise.
DIAGNOSTIC APPROACHES IN LYME DISEASEES.

Diagnosis of Lymeigkase is primarily clinical, especially when the classic erythema migrans EM
rash is present. However Laboratory investigations are essential when symptosyseaitcnon
or when the disease has prolonged beyond the early stage.

A Serologic Testing.
It is a mainstay of Diagnosis in Later Stage



Two-Tiered Testing Approach (CDC recommended):

A First Tier : Enzymelinked immunosorbent assaigl(ISA)
-Detects antibodies agairBorrelia burgdorferi

-High sensitivity but limited specificity

A Second Tier Westen blot (if ELISA is positive or equivocal)
-Confirms presence oM and/orlgG antibodies

-IgM appears within 24 weeks; 1gG appears later and persists

The point to note iSerologic tests may be negative in early disease due to the delayed
immune respores

2. Polymerase Chain Reaction (PCR)

A DetectsBorrelia DNA in:
-Synovial fluid (especially useful in Lyme arthritis)

-Cerebrospinal fluid (CSF) (in suspected neuroborreliosis)

A Less sensitive in blood and urine
A High specificity.
3. Cerebrospinal Fluid (CSF)Analysis

Indicated in suspectateuroborreliosis

Lymphocytic pleocytosis

Elevated protein

Normal or mildly decreased glucose

Paired serum and CSF antibody testing to detect intrathecal antibody
production.

4. Electrocardiogram (ECG) and Echocardiography
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If Lyme carditis is suspected.

A ECG: May shovatrioventricular (AV) block
A Echocardiogram: May help assess myocardial involvement.

5. Synovial Fluid Analysis
In suspectedlyme arthritis .

A Inflammatory profile: Elevated white cell count, predominantly neuitsph
A PCR forBorrelia DNA

6. Imaging Studies, If Indicated.

A MRI of joints or brain : For evaluating joint inflammation or neurologic
symptoms



A May show nonspecific findings
7. Culture

A Rarely used due to low sensitivity and difficulty in growBgrrelia
burgdorferi

Management of Lyme Disease.
Early Localized Stage if there is Erythema Migrans)

A Doxycycline 100 mgrally twice daily forlOi 14 days

A In pregnhant women or children less than 8 years use Amoxicillin or
ceftriaxone.

Early Disseminated Stage if thereg Facial palsy, carditis)
A Doxycycline 100 mgrally twice daily forl4i 21 days

A If the Lyme disease is severe or if the patient is hospitalized use IV
ceftriaxone.

Late Disease if it is Lyme arthritis, neuroborreliosis.

A Doxycycline 100 mgrally twice daiy for 28 days
A If CNS is involved use IV ceftriaxone.
Supportive care

A NSAIDs for joint symptoms
A Monitor for cardiac or neurologic complications.

VIROLOGY.

Virology is the branch of microbiology and biomedical science that deals wittiutig of
virusesandvirus-like agents including their:

Structure and classification

Genetic material (DNA or RNA)

Replication and life cycles

Pathogenesis (how they cause disease)

Transmission and epidemiology

Host interactions and immune responses

Diagnosis, treatment, andprevention (including vaccines and antivirals)
Virology is crucial in understanding infectious diseases sueH\&#AIDS, influenza,
COVID-19, hepatitis, rabiesnd many others.
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A virus is a microscopic infectious agent that can only replicate insidevthg cells of a
host organism. It is made up of two main components:

1. Genetic materiali It contains either DNA or RNA, which carries the instructions for
making more viruses.

2. Protein coat (capsid)i which protects the genetic material and helps thes\attach
to and enter host cells.



Some viruses also have anvelopei a lipid layer derived from the host cell membrane,
which surrounds the capsid.

virus

Key Characteristics of Viruses:

A Acellular: They arenot made of cells and are not considered living organisms.
The virus structure has got only genetic materials in but it is not a cell with
organelles to carry out various metabolic activities.

A Obligate intracellular parasites: They must infect a host ceéd
reproduce.Meanaing they can only reproduce (Replicate) when inside the host
cells.

A Highly specific: Most viruses infect specific types of cells or organisms, they
are usually specific to host cell they attack. For example bacteriophage attack,
bacteriaHIV, viruses attack and affectfelper cells.

A Can mutate: They can change the genetical instruction carried in them so as
to ensure when they replicate new formed viruses do not possess certain
structures which are the target for immune system, espeRBIA viruses,
which contributes to their ability to evolve quickly.

Viruses cause a variety of diseases, from the common cold and influenza to more serious
illnesses like HIV/AIDS, COVID19, M POX, Zika, Chikungunya and Ebola.

General Biological and Phystal Properties of Viruses

1. Structure

Acellular: Viruses lack cellular organization; they are not made up of cells.
Nucleic Acid Core Contains either DNA or RNA, but never both.
Protein Coat (Capsid) Encloses the nucleic acid and helps with host
recogntion and entry.
Envelope (optional) Some viruses have a lipid envelope derived from the
host cell membrane, embedded with viral glycoproteins.

A Size Very small, typically 20300 nanometers, much smaller than bacteria.
2. Replication

> D>

A Obligate Intracellular Parasites Viruses cannot replicate on their own and
must infect a host cell to reproduce. This is because DNA or RNA of a virus
does not have instructions for synthesizing proteins which forms the new
formed viruses. To make protein the virus will nege@nter the host cell and



steal the information for making protein from the host cell, the process known
as transcription.
A Lack of Metabolism: They do not carry out metabolic processes and do not
produce energy. Because they have no cell organelle, oot@eate cell.
A Hijack Host Machinery: Once inside a host, viruse
cellular machinery to produce viral components.
3. Genetic Material

A Diverse Forms Viral genomes can be singler doublestranded, DNA or
RNA, linear or circular.
A High Mutation Rate: Especially RNA viruses, making them prone to rapid
evolution.
4. Host Specificity

A Host Range Each virus type typically infects specific species or even specific
~ cell types.
A Receptors Viral surface proteins bind to specific receptors on beks.

Differences Between Viruses and Other Infectious Agents

Feature Viruses Bacteria Fungi Protozoa Prions
Prokaryotic Acellular
Cell Structure Acellular cells y Eukaryotic cell:Eukaryotic cells (protein
only)
Nortliving ;i1 Livin
Living Status outside 9 9 Living organism¢ Non-living
organisms  organisms
host
DNA or
Genetllc RNA DNA (in DNA DNA Nq nucleic
Material (never chromosome) acid
both)
Only . - Asexual or Induce
Reproduction inside hos1Blnary fission Spores or sexual abn_ormal
(asexual) budding . folding of
cells reproduction .
proteins
: Active Active Active
Metabolism  None metabolism metabolism  metabolism None
Response to NoO Yes (selective Sometimes ~ Sometimes No
Antibiotics antibiotics)  (antifungals) (antiprotozoals)
Larger
Size 20i 300 nr~0.55 um (microscopic to Usually 10100 ~10 nm

macroscopic)

In summary, viruses are unique among infectious agents due to their simple, acellular
structure and dependence on host cells for replication. They are biologically inactive outside
of a host and difiefundamentally from bacteria, fungi, protozoa, and prions in structure, life
cycle, and pathogenic mechanisms.



Virus Structure and Its Functions

Viruses have a simple yet efficient structure designed to protect their genetic material and
deliver it into tost cells. The major structural components and their functions include:

1. Nucleic Acid (Genome)

A Composition: DNA or RNA, singlestranded (ss) or doubsranded (ds),
linear, circular, or segmented.
A Function: Encodes the information needed to producd pirateins and
replicate new virus particles.
2. Capsid

A Structure: A protein shell made up of repeating subunits callggsomeres
Function:

A Protects the viral nucleic acid from degradation.

A Assists in the attachment to and penetration of host cells.

A Detamines the shape of the virus for example it can be helical, icosahedral.
3. Envelope (in some viruses)

A Structure: A lipid bilayer derived from the host cell membrane, containing
viral glycoproteins.
Function:

A Facilitates entry into host cells through mearte fusion.
A Helps viruses evade the host immune system.
4. Viral Glycoproteins (Spikes)

A Location: Project from the envelope or capsid surface.
Function:

A Recognize and bind to specific receptors on host cells.
A Mediate fusion with host cell membranes.
5. Matrix Proteins (in enveloped viruses)

Function:

A Link the viral envelope to the capsid.



A Play a role in viral assembly and budding.

Envelope

— Capsid

Virus Replication Cycle

Viral replication is a multistep process that occurs entirely within a host cell. Tieeafje
stages are as follows:

1. Attachment (Adsorption)

The virus binds to specific receptor molecules on the surface of a susceptible host cell
using its glycoproteins or capsid proteins.

2. Penetration (Entry)
The virus or its genetic material enters ltost cell:

A Enveloped viruseamay fuse with the cell membrane.
A Non-enveloped virusesnay enter via endocytosis or direct
penetration.
3. Uncoating

The capsid is removed, releasing the viral genome into the host cell's cytoplasm, or in nucleus
for some DNAviruses.

4. Replication and Transcription

A The viral genome is replicated using host or viral enzymes.
A Messenger RNA (mMRNA) is produced, if not already present, which is
required for protein synthesis.
A DNA viruses typically replicate in theucleus
A RNA viruses generally replicate in thgtoplasm
5. Translation (Protein Synthesis)

Host ribosomes translate viral mMRNA into viral proteins, including:



A Structural proteins capsid, envelope.
A Nonstructural proteins enzymes for replication.
6. Assembly (Maturation)

A Newly synthesized viral genomes are packaged into capsids.
A In enveloped viruses, the capsid acquires its envelope by budding through the
host cell membrane.
7. Release
A Non-enveloped viruseoften causeell lysis releasing new virions.

A Enveloped virusegypically exit the cell byoudding, acquiring their
envelope in the process.

Virus Lite Cycle

Penetration

;% z&u’

Rephcatnon Assembly
Summary Table: Virus Structure and Function

Attachment

Uncoating

Component Description Function
Nucleic Acid DNA or RNA (ss or ds) Genetic instruction for replication
Capsid Protein shell (cagpmeres) Protects genome, aids attachmen
Envelope (optiona Lipid bilayer with viral proteins Entry into host, immune evasion
Glycoprotein Proje_ctions from envelope or Host cell recognition and binding
Spikes capsid

Structural support, budding

Matrix Proteins  Link capsid to envepe e
facilitation

Virus Classification and the Major Properties of DNA & RNA Viruses

Viruses are classified based on their genetic material, replication strategy, morphology, and
host range. The most widely accepted systemmeBaltimore Classification, which
organizes viruses inteeven groupdased on the type of nucleic acid and how they replicate.



1. Virus Classification (Baltimore System)

Group  Genome Type Example Viruses Replication Strategy
| Doublestranded  Herpesviruses, DNA Y mRNA wusi
DNA (dsDNA) Adenoviruses polymerase

Singlestranded

DNA (ssDNA) Parvoviruses ssDNA Y dsDNA

Doublestranded dsRNA Y mRNA u

1] RNA (dsRNA) Reoviruses (e.g., Rotavir RNA-dependent RNA
polymerase

+Singlestranded  Picornaviruses,

v RNA (+sSRNA) COroNaviruses Genome acts directly as mRNA
Vv T Si msgganded  Orthomyxoviruses, :QI\IIQAI-\IdQ en\;en:erzAR NA U
RNA (T s s RRhabdoviruses b
polymerase
ssSRNART RNA Y DNA Y mR
VI . HIV .
(retroviruses) reverse transcriptase
dsDNA Y RNA Y
(reverse transcription during
replication)
VI dsDNA-RT (partially None enveloped viruses
dsDNA) (naked viruses) Hepatitis B virus Symmetry of
the capsid
V4 \ 4
A/l tlaaATAOl

- X

0

+ ANHzASa ! O02 |

aZ2ZNLIK2f 238
[BYYSUNE 27

1.Helical symmetry.

Key Features:

1. Capsid Structure:

|

l



A Composed of identical protein subunits, capsomeres arrangespiiraihelical
around the viral RNA.

Forms aod-like or filamentous shape.

Nucleic Acid:

N >

A Usuallysingle-stranded RNA (ssRNA)
A The RNA isembedded within the helical capsid.
3. Envelope

A Many helical viruses arenveloped(e.g., influenza).
A The envelope is derived from the host cell membrane.
4. Stability:

A Non-enveloped helical virusege.g., TMV) are more stable in the
environment.

A Enveloped orgareless stablesensitive to heat, drying, and
detergents.

Examples of Helical Viruses:

Virus Type Envelope Disease
Influenza virus sSRNA ¢) segmented Yes Flu (influenza)
. . ssSRNA ¢) non .
Rabies virus segmented Yes Rabies
Measles virus SSRNA €) norv Yes Measles
sgmented
Ebola virus ssSRNA ¢) filamentous Yes Et\)lzlf hemorrhagic
Tobacco Mosaic Virus Plant virus (classic
(TMV) SSRNA (+) No mode

3. Icosahedra symmetry.

Key Features:

1. Capsid Structure

A The viral capsid is shaped likécasahedron(a 20faced polygon with
12 vertices and 30 edges).
A Built from repeatingapsomeresarranged symmetrically.
A Efficient shape for enclosing nucleic acid using minimal genetic material.
2. Nucleic Acid:

A Can contaiNA or RNA, single or doublstranded.
A The genora is tightly packed inside the icosahedral capsid.
3. Envelope



May beenveloped or norenveloped
Non-enveloped icosahedral viruses are typically more stable in the
environment.

> >

4. Stability:

A Non-enveloped icosahedral viruses.g., adenoviruses, poliovirus, are
resistantto detergents, drying, and heat.
Examples of Icosahedral Viruses:

Virus Genome Type Envelope Disease
Poliovirus ssRNA (+) No Poliomyelitis
Adenovirus dsDNA No Respiratory, Gl, eye infectir
Hepatitis A virus ssRNA (+) No Hepatitis A
Herpes simplex virus dsDNA Yes Oral/genital herpes
Norovirus ssRNA (+) No Viral gastroenteritis

3.Complex symmetry .
Key Features:
1. Structure:

A Do not fit into purely helical or icosahedral categories
A Havemultiple structural components, such as heads, taitmnd
complex outer walls.
2. Examples of Complexity

A Some have head-tail morphology like bacteriophages.
A Others havérick -shaped or ovalenvelopes with complex surface
structures e.g., poxviruses.
3. Genome

A Can beDNA or RNA, often large and complex genomes.
A Enclosed in a muliayered structure not a simple capsid.
4. Envelope

A Oftenenvelopede.g., poxvirus, but may also hen-envelopedwith tail fibers or
appendages e.g., bacteriophages.

Examples of Complex Viruses:



Genome

Virus Structure Disease
Type
Poxvirus (e.g., Variola) dsDNA S;'\?gjg:ged’ Smallpox
Bacteriophage (e.g., T4 dsDNA Headtail structure Infects bacteria (e.g., E
phage) coli)
Vaccinia virus dsDNA Complex, envelopec Used in smalipox

vaccine

4. Envelope as the outer coat.

Key Features:

1.

A

W > >

Origin :

Theenvelope is derived from the host cell membranglasma or nuclear membrane
during viral budding. When the virus is pinching off from host cell after replication.
Composition:

Lipid bilayer with embeddediral glycoproteins, spikes esseiai for host cell
recognition and entry.

May also includénost proteins

Functions:

A Helps inattachment and entryinto host cells via membrane fusion.
A Aids inimmune evasionby mimicking host structures.
Stability:

A Less stablein the environment than nesmveloped viruses.
A Sensitive to heat, drying, detergents, and disinfectants
Transmissior

A Typically requiresdirect contact, blood, or respiratory droplets
A Not usually transmitted via the feeadal route.

Examples of Enveloped Viruses:

Virus Genome Type Disease
HIV SSRNA (retrovirus) AIDS
Influenza virus SSRNA ), segmente Influenza
Herpes simplex virus dsDNA Oral/genital herpe
Hepatitis B virus dsDNA (partially)  Hepatitis B
SARSCoV-2 SSRNA (+) COVID-19
Rabies virus SSRNA €) Rabies

5.Non envebped viruses.

Key Features:



1. Outer Structure:

A Lack a lipid envelope.
A Outer coat is made offotein capsidit is often icosahedral.

2. Stability:

A Very stablein harsh environments.
A Resistant tarying, acids, detergents, and heat
3. Transmission

A Can survive orsurfaces and in the gastrointestinal tract.
A Often transmitted via thiecaloral route, fomites, or aerosols.
4. Immune Evasion

A Less flexible in evading immune detection compared to enveloped
viruses.
5. Entry into Cells:

A Enter cells byirect penetration or endocytosis not by membrane
fusion.
6. Genome

A Can be eitheDNA or RNA.
Examples of NorEnveloped Viruses:

Virus Genome Type Disease
Poliovirus ssRNA (+)  Poliomyelitis
Adenovirus dsDNA Respiratory and eye infections
Norovirus ssRNA (+)  Viral gastroenteris
Rotavirus dsRNA Severe diarrhea in children
Hepatitis A virus SSRNA (+)  Hepatitis A
Papillomavirus (HPV) dsDNA Warts, cervical cancer
Coxsackievirus ssRNA (+)  Handfoot-andmouth disease, myocardi

Major Properties of DNA Viruses

General Features

A Genome DNA,it can be singleor doublestranded.

A Replication Site Usually in thenucleusof host cells, except poxviruses.
A Stability: DNA is chemically stable and replicates with higher fidelity.
A Mutation Rate: Lower than RNA viruses due to proofreagimechanisms.

Examples and Families

Family  Genome Type Example Virus Disease
Herpesvirida dsDNA Herpes simplex virL Cold sores, genital herpes



Family = Genome Type Example Virus Disease

Adenoviridae dsDNA Human adenovirus Respiratory infections
Poxviridae dsDNA Variola virus Smallpox
Parvovridae ssDNA Parvovirus B19 Fifth disease (erythema infectiostL

Major Properties of RNA Viruses

General Features

A Genome RNA, positivesense, negativeense, or doublstranded.

A Replication Site Usually in thecytoplasm,except retroviruses and influzm

A Stability: RNA is less stable than DNA because it is single stranded.

A Mutation Rate: High, due to lack of proofreading by RNA polymerases. The
enzyme polymerases does a check point, meaning it inspect each gene in the
DNA to ensure no information isstracted in them. If it finds one gene with
defect the part will be removed. In RNA the enzyme polymerase is not
present, a thing that exposes and RNA to mutation.

Examples and Families

Family Genome Type  Example Virus Disease
Picornaviridae +ssRNA Poliovirus, Rhinoviru: Poliomyelitis, common col
Coronaviridae  +ssRNA SARSCoV-2 COVID-19
Orthomyxoviridati s s RN A Influenza virus Flu
Rhabdoviridae 1 s s RN A Rabies virus Rabies
Retroviridae SSRNART  HIV AIDS

Summary Table: DNA vs. RNA Viruses

Property DNA Viruses RNA Viruses
Genome DNA (ss or ds) RNA (ss +/1 «
Replication Site  Usually nucleus Usually cytoplasm
Mutation Rate Low High
Stability More stable Less stable
Examples Herpesvirus, Adenovirt Influenza, HIV, SARSCoV-2

PATHOGENESIS.

Thepathogens refers to the process by which these viruses infect the human host, evade
immune responses, and causes disease. The following is the summarized outline of viral
pathogenesis followed by.

General Steps in Viral Pathogenesis



1. Entry into the Host

A Via respiratory tract such as Influenza virus.
A Gastrointestinal tract such as Rotavirus.
A Skin or blood such as HIV, Hepatitis B via needles.

2. Local Replication

A Virus replicates at the site of entry, often causing initial symptoms.
A Example: Rhinovirus replicas in the upper respiratory tract.

3. Spread Within the Host

A Local spread to adjacent cells/tissues.
A Systemic spreadvia bloodviremia or nervous system.
A Example Poliovirus spreads via blood and nervous system to CNS.

4. Evasion of Host Defenses

Suppression ahterferon, antigenic variation like Influenza, or attacking
immune cells such HIV in the-fielper cells..

5. Tissue Damage and Clinical Disease

A It causes direct cell lysis/breaking down the cell. Example is
Adenovirus.

A Immunemediated damage, causes immdgsreglation and hence the
immune cell start to attack normal body health cells and tissues.
Example Hepatitis B virus.

A Oncogenes, meaning it causes genetical materials changes in the
normal cells and they turn into cancer cells. Example Human
papillomavius with cancer of cervix.

6. Virus Shedding and Transmission

Through respiratory secretions, feces, blood, or sexual fluid.

Epidemiology of Medically Important Viruses

> > D>y D> D> D>

Influenza -Seasonal outbreaks worldwide; peaks in winter in temperate zones.
HIV -Global paademic; highest prevalence in S8aharan Africa.

Hepatitis B & C -Endemic in Asia and Africa; transmitted via blood and body
fluids.

HPV -Most common STI; globally distributed; linked to cervical cancer.
Measles-Highly contagious; outbreaks in areas wdtv vaccination.
Dengue-Endemic in tropical regions; spread by Aedes mosquitoes.
Rabies-Zoonotic; endemic in Asia and Africa; fatal if untreated.

Rotavirus i Worldwide; major cause of infant diarrhea; more severe in
developing countries.

Ebolai Sporadc outbreaks in Africa; high fatality rate.

Zika -Outbreaks in the Americas and Southeast Asia; moshtoitee; linked

to birth defects.

Vaccine-preventable virusesMeasles, Mumps, Rubella, Influenza, HBV,
HPV, Rabies, Rotavirus



A Emerging/Re-emerging virusesSARS-CoV-2, Nipah,virus, Monkeypox.

Modes of Transmission of Medically Important Viruses

Virus
Influenza virus

HIV (Human
Immunodeficiency
Virus)

HBYV (Hepatitis B Virus)

HCV (Hepatitis C Virus)

HPV (Human
Papillomavirus)

Rabies virus
Measles virus
Dengue virus
Zika virus
Ebola virus
Rotavirus

Norovirus

Transmission Route Key Points
: Seasonal outbreaks, high attac

Respiratory droplets, aeroso rate
Sexual ontact, blood Global distribution, highest
transfusion, needle sharing, prevalence in Sulbaharan
motherto-child Africa
Blood, sexual contact, Endemic in parts of Asia and
perinatal Africa

Chronic in 7085% cases,
leading cause of liver transplar

Most common STI, some straii
oncogenic (e.g., HPAL6, 18)
,Zoonotic, endemic in Asia and
* Africa

Highly contagious, outbreaks ii
low-vaccine areas

Endemic in tropical/subtropical
areas, epidemiprone

Blood, needle slring

Sexual contact, skito-skin
Animal bites (infected saliva
Respiratory droplets

Mosquito (Aedes aegypti)

Mosquito bite, sexual, Associated with microcdyaly in
perinatal newborns

Contact with body fluids, Epidemic potential; high
contaminated objects mortality

Leading cause of viral
gastroenteritis in children

Fecaltoral, contaminated Common cause of foodba@n
food/water outbreaks

Fecaloral



PATHOGENESIS OF VIRUSES
OF MEDICAL IMPORTANCE

Local
Replication

Evasion of
Host Defenses

Damage and
Clinical Disease

Tissue Damage
) and Clinical

Disease
Virus Shedding

and Transmission

Examples of Pathogenesis in Specific Viruses

Route of Target

Virus Entry Organ Pathogenic Mechanism Key Disease
Influenza  Respiratory Cytopathic effect on respirator
virus tract Lungs epithelium Influenza
HIV Blood/Sexual gel?ljr T Immune cell depletion AIDS
Hepatitis B Immunemediated hepatocyte Hepatitis,

: Blood/Sexual Liver . ;
virus damage cirrhosis, cance

Rabies virus Skin (bite) CNS ~ Neuronal spread,

: ) Rabies
neuroinflammation



Route of Target

Virus Entry Organ Pathogenic Mechanism Key Disease
Measles Respiratory Multiple !mmunosupprgssmn + rash frc
virus organs immune reaction

Host-Virus Interactions & Immune Responses

Virus Host Interaction Immune Response

Strong innate response (interferons); antibedi
against HA/NA; shortived immunity due to
antigenic drift
Initial strong cytotoxic T cell response; chronic
HIV Targets CD4+ T cells infection leads to immune exhaustion and
immunodeficiency
Immunemediated liver damage (CD8+cells);
HBV Infects hepatocytes antibodies (antHBs) provide protection if
recovered or vaccinated
Weak or delayed immune response; frequently
evades immunity, leading to chronic infection

Limited innate response; evadesmiune detection

Infects respiratory

Influenza epithelium

HCV Infects hepatocytes

HPV Infects epithelial cells cell-mediated immunity clears most infections
Infects immune and Temporary immunosuppression; strong lifelong

Measles o . . ) : D
epithelial cells immunity after infection or vaccination

Denaue Infects Antibody-dependent enhaament (ADE) can

9 monocytes/macrophages worsen secondary infection; high cytokine relea

Rabies Travels via peripheral Delayed immune response; virus hides in neuro

nerves to CNS fatal once CNS symptoms develop

Mucosal IgA and systemilgG provide protection;
strong innate response (interferons)

Infects monocytes, Causes immune dysregulation, cytokine storm,
endothelial cells lymphocyte apoptosis

Rotavirus Infects intestinal epitheliun

Ebola

A Innate immunity - provides thdirst line of defenseCytokinees such as
interferon are involved on recruiting macrophages to site of injury. Also
natural killer cells whose primary task is to clear of all cells which are affected
by virus and cancerous cells.

A Adaptive immunity . In the role of virus clearance adaptive immunity two
Lymphocytes will accomplish the task.

-B-lymphocytesproliferate to plasma and memory cells. Plasma cells secrete
antibodies, a Yshaped proteins responsible for coating the virus. Then
macrophages such as neutrophil will be activated to carry out phagiscyto
Memory cells will be aside keeping the record on how a pathogen was
destroys thing which makes faster destruction of the antigen upon re
introduction in the body. It simply meaafter clearance, memory-&lls and
T-cells remain, enabling quicker pses upon rmfection.



-Cytotoxic T T lymphocytes has the same role as natural killer cell taking out
all cells which are affected by virus and also cancer cells. This is archived in
the way that. Cytotoxic -Tymphocytes will attach its, self on the fage of a

cell that is affected by a virus then it releases granzymes which on turn lyse
the cell down.

Cytotoxic Natural
T-lymphocyte killer cell

Virus- Virus-
infected ¢ infected
cell

CYTOTOXIC T-LYMPHOCYTE AND
NATURAL KILLER CELL KILLING
A VIRUS-INFECTED CELL

Some virusesvade or suppressmmunity, good example here is HIV which
invades CD4 Tlymphocytes, rglicate intracellular of these cells causing lysis

of the cell. Then viruses then gain an access outer to the blood and res
establish an attack.

Others induceveractive responsedeading tammunopathology. The

presence of the virus may trigger autoimmty, as the immune system will

fail to distinguish between normal body healthy cells and tissues and the
viruses, hence starting attacking both. For example the skin damage you see in
M-pox or hemorrhage in dengue and Ebola are due to due to immunological
attack due to this kind of confusion.

Viral Evasion Mechanisms.

-Immuo modulation. Viruses can produce proteins to inhibit
interferon, down regulate antigen presentation or interfere waéllT
function.

-Antigenic Variation. Viruses change their surfapeoteins detected

as antigens by immune system to avoid being recognized by immune
system. Common in many viruses such as in Influenza.

Resolution or Persistence

-Resolution refers to immune response clears out the infections,
meaning eliminate the viras from the body.



-Persistance.Some viruses evasion mechanism succeed to outsmart
the immune system and establish chronic infection for example the
HIV Viruses and herpes viruses.

Diagnosis

1. Clinical Evaluation: Attained through proper history taking bagon signs and
symptoms for example of rashes in measles, jaundice in Hepatitis B.
2. Laboratory Tests:

Serology Detection of virusspecific antibodies commonly, IgM, 1gG.
PCR (Polymerase Chain Reaction)Detects viral nucleic acids;
highly sensitive and spéic.

Antigen Detection ELISA, immunofluorescence for example
influenza, RSV.

Culture: Isolation in cell cultures. This technique is less commonly
used now.

Rapid Diagnostic Tests (RDTs)For bedside or poiatf-care use the
good example is COVIEL9 antgen tests.

> > > >

Treatment

Speculating the methods for treatment depends on the kind of viral infection but in
general the following are key features of treatment plan.

1. Supportive Care: Fluids, rest, fever reduction using an antipyretic such as
paracetamol or agin.
2. Antiviral Drugs :

Nucleoside analogsAcyclovir (HSV, VZV), Zidovudine (HIV).

Protease inhibitors Ritonavir, Lopinavir (HIV).

Neuraminidase inhibitors: Oseltamivir (influenza).

Interferon : Used in hepatitis B and C.

Monoclonal antibodies Used in ceain infections like Ebola, RSV,

COVID-19.

3. Management of Complications For example, encephalitis, pneumonia, or organ
failure.

> I > >

Prevention
1. Vaccination:

A Live attenuated:; In preparation of the vaccine the viral component used
is a whole virus for but it ideactivated so that it cannot causes disease
progression when introduced in the body, good example MMR,
Varicella.

A Inactivated:An inactivated viruis a virus that has beeiilled or
rendered noinfectioususing heat, chemicals (like formaldehyde),
or radiation. It cannot replicat@e the host but retains antigenic
properties to stimulate an immune responsée.g., Influenza)



A Subunit, mMRNA, or vectebased .Only certain part of the viral protein

is taken to produce vaccination not whole virus. Used iepaltitis B,
COVID-19.

2. Infection Control:

Hand hygiene, PPE use, isolation of infected individuals.

3. Vector Control:

Mosquito nets, insecticides for arboviruses like dengue, Zika.

4. Safe Practices

Safe sex (HIV, HPV), blood screenifigBV, HCV), needle exchange programs.

5. PostExposure Prophylaxis (PEP)

For HIV, rabies, and hepatitis B exposures.
RESPIRATORY VIRUES.

Key Features:
1. Target Site:

A Infect theupper and/or lower respiratory tract, nose, throat, lungs.
2. Transmissior

A Spread viaespiratory droplets, aerosols or direct contact.
3. Symptoms

A Common:cough sore throat, fever, runny nose sneezing
A Severepneumonia, bronchitis, respiratory distress
4. Seasonality

A Many respiratory viruses are more prevalerfalhand winter
months.
5. Prevention:

A Hand hygiene, face masks, vaccination, if available, and avoiding
crowds.

Common Respiratory Viruses:

Virus Genome Enveloped” Disease
Type
Influenza virus ssRNA €) Yes Flu
Respiratory Syncytial Virus Bronchiolitis, pneumonia
(RSV) SSRNA ) Yes (especially infants)

Rhinovirus SSRNA (+) No Common cold



Genome

Virus Enveloped” Disease
Type
Adenovirus dsDNA No Co'fj'“ke. s.y.mptoms,
conjunctivitis
ggc)_r;z;\kus (e.9. SARS sSRNA (+) Yes COVID-19, respiratory infection
Parainfluenza virus ssRNA €) Yes Croup, bronchis
Human metapneumovirus sSsSRNA () Yes Cold-like illness, pneumonia
Enteroviruses (e.g., E¥D68) ssRNA (+) No Respiratory illness, asthride
symptoms

INFLUENZA AND RESPIRATORY SYNCYTIAL VIRUSES.

The influenza virus is a highly contagious RNA virhattcauses influenza meaning flu, an
acute respiratory illness affecting humans and various animals. The virus belongs to the
family Orthomyxoviridae and it is classified into four main types.

Types of Influenza Viruses
1. Influenza A

A It infects humans, birdgigs, and other animals.

A Itis responsible for seasonal epidemics and pandemics.

A Subtyped based on surface proteins: It surface contain protein
Hemagglutinin (H) and Neuraminidase( N),such as HIN1,H3N2.Thes
are lytic protein which H helps thevirusttadach it s sel f at
surface and N helps it to exit from the host cell after replication.

A It has high mutation rate, antigenic drift and shift. Antigenic Dsift
slow and continuous procesfvolvingpoint mutations in the genes
that code for theemagglutinin (HA) andneuraminidase (NA)
proteins. Antigenic shift isadden, major genet@assortmerihat
results in aew influenza A subtypeith novel HA and/or NA proteins.

This means it changes it surface protein to avoid being recognized by th
immune system.
2. Influenza B

A It infects humans only.
A It causes seasonal epidemics, usually less severe than type A.
A It does not undergo antigenic shift.

3. Influenza C

A It causes mild respiratory iliness in humans.
A ltis arare virus and typically not a majmublic health concern.
4. Influenza D

A It affects cattle and pigs.
A Itis not known to infect humans.



Epidemiology of Influenza Virus

Theepidemiology of influenzainvolves understanding how the virus spreads, affects
populations, and causes seasonal or pamdentbreaks. Influenza isglobally significant
infectious disease withigh morbidity and mortalityparticularly during epidemics and
pandemics.

1. Global Burden

A Seasonal influenzacausessi 5 million severe illnesseand290,000 650,000
deathsannualy worldwide. This is according to WHO.

A Pandemic influenzasuch as1918 H1N1, 2009 H1N1 can cause widespread
mortality and societal disruption.

A Most deaths occur ipoung children, elderly, and those witlechronic
diseases

2. Seasonality

A Temperate regions Peaks duringvinter months (Novi March in Northern
Hemisphere; MaiySept in Southern Hemisphere).

A Tropical regions: Occursyear-round, with peaks duringainy seasonsor
specific months.

3. Transmission

A Spread byespiratory droplets, aerosols, and contacttwicontaminated
surfaces.

Incubation period: 1i 4 days.

Infectious period: From1 day before symptomso 5i 7 days after onset
Children and immunocompromised patients may shed virus longer.

4. Risk Groups
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Children <5 years

Adults 065 years

Pregnant women

Immunocompromised individuals

People with chronic conditions, asthma, diabetes, heart disease

5. Antigenic Drift vs. Shift

I > D >

A Antigenic Drift : Small genetic mutations in HA or NA proteins lead to
seasonal epidemics.

A Antigenic Shift: Sudden, major genetic changes, reassortment, create new
subtypes leading tBandemics

A Example: 2009 H1N1 pandemic arose from reassortment of swine, bird, and
human viruses.

6. Surveillance and Control

A Global surveillance by WHOGIobal Influenza Sweillance and Response
System(GISRS) monitors circulating strains.



A Annualvaccinationis adjusted based on predicted strains.
A Antiviral medications used in treatment and outbreak control.
7. Recent and Historic Pandemics

Year Virus Subtype Estimated Deahs
1918 H1N1 (Spanish flu) 40 50 million
1957H2N2 (Asian flu) ~17 2 million

1968 H3N2 (Hong Kong flu ~1 million

2009 HAIN1 (Swine flu) 150,000575,000

Structure

A Enveloped viruswith a segmented, singitrandechegativesense RNA
genome.

A 8 RNA segmaeits (in Influenza A and B) encode multiple proteins.

A Major surface glycoproteins:
-Hemagglutinin (HA): Allows virus to bind and enter host cells.

-Neuraminidase (NA} Facilitates release of new viral particles.
Transmission

A Spread viaespiratory droplets, aerosols, and contact with contaminated
surfaces.
A Incubation periodii 4 days
Symptoms

A Sudden onset of fever, chills, headache, muscle aches, sore throat, cough,
fatigue.
A Can lead to complications like pneumonia, especially in the elderly, infants, or
immunocompromised individuals.
Diagnosis

A Rapid antigen tests PCR, and viral culture.
Treatment and Prevention

A Antiviral drugs : Oseltamivir, zanamivir.These are neuraminidase inhibitors.
A Annual vaccination recommended due to constant viral mutation.
A Good hygene and public health measures help limit spread.

SYNCYTIA FORMING VIRUSES.

This is a group of viruses which induce the formation of syncytia which are multinucleated
giant cells formed by the fusion of multiple host cells. These viruses produce pribkein w
cytopathic effect on the host cells meaning they causes merging of membrane, multiple cells
are formed which are multinucleated giant cells.



Key Concepts:

A Syncytium (plural: syncytia): A single cell or cytoplasmic mass containing
multiple nuclei formedy the fusion of individual cells.

A Fusion proteins: Viral envelope glycoproteins that mediate the fusion of viral
and cellular membranes during entry, and can also cause fusion of infected
cells with neighboring uninfected cells.

Common SyncytiaForming Viruses:
1. Paramyxoviruses

A ExamplesRespiratory syncytial virus (RSV), Measles virus,
Parainfluenza virus
A Mechanism:F protein (fusion protein)
A Notable: RSV is named for its prominent syncytial formation in
respiratory epithelium.
2. Retroviruses

A Example:Humanimmunodeficiency virus (HIV)
A Mechanism: gp41 (fusion protein) promotes cekll fusion between
infected and uninfected CD4+ T cells.
A Result: T cell depletion partly due to syncytial death.
3. Herpesviruses

A ExamplesHerpes simplex virus (HSV), Varicelleoder virus (VZV)
A Mechanism: gB, gH/gL glycoproteins involved in fusion.
A Observation: Seen in skin and mucosal lesions.

4. Coronaviruses (some)

A ExamplesSARSCoV, SARSCoV-2 (COVID-19 virus)
A Mechanism: Spike (S) proteirmediated fusion
A Relevance:Syncytia in ling tissues may contribute to COVI®
pathogenesis.
Clinical and Diagnostic Significance:

Histopathology: Presence of syncytia is a clue in tissue biopsies (e.g., Tzanck
smear for HSV/VZV).
Cytopathic Effect (CPE): Syncytia formation is used in virus aule and
identification.
A PathogenesisSyncytia can lead to tissue damage, immune evasion, and
enhanced spread of the virus.
HEERPES VIRUSES.

A
A

This is a large family of DNA viruses known for causing latent (slow replicating), recurring
infections in human ahanimals. They belong to Herpesviridae family, which are enveloped,
double stranded DNA viruses.

General Characteristics:



A Genome:Linear doublestranded DNA

A Structure: Icosahedral capsid, tegument layer, and lipid envelope

A Replication: In the nucleus

A Latency: Key feature, viruses can remain dormant and reactivate later

Human Herpes viruses (HHVS)

There ar@® known human herpesviruseseach with distinct diseases:

: HHV : : .
Virus Number Primary Diseases Latency Site
Herpes Simplex Virus 1 HHV-1 Oral hergs, cold sores, Trigeminal
(HSV-1) encephalitis ganglia
Herpes Simplex Virus 2 i . .
(HSV-2) HHV-2  Genital herpes Sacral ganglia

Varicella-Zoster Virus Chickenpox (primary), Shingles Dorsal root
HHV-3 e :
(VZV) (reactivation) ganglia
Infecious mononucleosis, Burkit
Epstein-Barr Virus (EBV) HHV-4 lymphoma, nasopharyngeal B cells

carcinoma

: Congenital infections, retinitis in Monocytes,
Cytomegalovirus (CMV) - HHV-5 immunocompromised lymphocytes
Human Herpesvirus 6 i Roseola infantum (exanthem
(HHV -6) AAV-6 subitum) T cells
Human Herpesvirus 7
(HHV -7) HHV-7 Roseola (less common) T cells
Kaposi Sarcomd Kaposi sarcoma, primar effusioB cells,
associated Herpesvirus  HHV-8 I mp homa P y endothelial
(KSHV) ymp cells
Human Herpesvirus 9 5 Unclear clinical significane (still 5
(unconfirmed/rare) under investigation)

Key Features of Infection:

A Lytic phase: Active viral replication and symptoms
A Latent phase:Virus remains dormant in host cells
A Reactivation: Triggered by stress, immunosuppression, or illness

Treatment & Prevention:

A Antivi rals: Acyclovir, valacyclovir, ganciclovir,depending on the virus
A Vaccines:Available for VZV e.g., varicella and shingles vaccines.

What is HIV?

Human Immunodeficiency Virus is a retrovirus that infects a body gradually destroy the
bodyds i mmuanicularly @34+ Ehelper calls, which play a crucial role of
coordinating immune responses. As we know in most cases viruses are specific to the host
cell they attack, get an access in and replicate. The Immunodeficiency virus target this CD4+
T-Helper cdls. Breaking down these immune cells will AIDS, Acquired Immunodeficiency



Syndrome, a condition in which the immune system is severely weakened making the body
vulnerable to opportunistic infections and certain cancers such as Kaposi sarcoma.

Classification:

A Family: Retroviridae
A Genus:Lentivirus
Types:

A HIV -1: Most common worldwide and more virulent, meaning it has
severe progression and the patient deteriorates faster.
A HIV -2: Less common, mostly in West Africa, slower progression.
Epidemiology of HIV/AIDS

Theepidemiology of HIV focuses on thdistribution, determinants, and control of the

HIV infection across populations. It is one of the most studied infectious diseases due to its
global impact and complex transmission patterns.

Global Impact:

A Over 38 million people living with HIV worldwide (WHO, 2023)
A Highest prevalence iBub-Saharan Africa
A Millions now |iving healthy Ilives than

Global Statistics (as of 2023 WHO/UNAIDS estimates):

Indicator Estimate
People living with HIV ~39 million
New HIV infections (annually) ~1.3 million
AIDS-related deaths (annually) ~630,000
People receiving ART ~29.8 millior

Percentage aware of their HIV ste ~86%

Geographical Distribution:
Region HIV Burden Characteristics

Highestburde (467 % of gl obal
epidemics, especially in East/Southern Africa

Eastern Europe & Central Rising infections; driven by injection drug use and low
Asia ART access

Concentrated epidemics in higisk populations;
increasingART coverage

Sub-Saharan Africa

Asia-Pacific

Western/Central Europe &

North America Stabilized due to high ART coverage and PrEP use

Concentrated epidemics; many are unaware of their H

Latin America
status



Region HIV Burden Characteristics

Low prevalence but increasing rates; stigma aoki ¢dt

Middle East & North Africa testing hinder response

High-Risk Populations:

Men who have sex with men (MSM)

Sex workers and their clients

People who inject drugs (PWID)

Transgender people

Prisoners

Adolescents and young wom@specially in Sutsaharan Africa)

Modes of Transmision (% worldwide):
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Mode Approximate Contribution
Heterosexual contact ~70%
MSM (maleto-male sex) ~17%
Injection drug use (IDU) ~8%
Motherto-child transmissio ~5% (preventable)
Blood transfusion (rare)  <1% (due to screening)

Trends and Key Milestmes:

A 1981:First reported cases of AIDS in the U.S.

1996: Introduction of highly active antiretroviral therapy (HAART)
2012:WHO recommends PrEP for key populations

A
A
A
A 2023:More people on ART than ever before; declining global mortality

Structure of HIV:

Component Description
Envelope Lipid bilayer from host cell, with glycoproteimggpl20andgp41l
Capsid Coneshaped core made p24 protein, enclosing the viral RN

Genome Two singlestranded RNA molecules
Enzymes Reverse transcriptase,integrase, andease for replication.



STRUCTURE OF THE HUMAN
IMMUNODEFICIENCY VIRUS (HIV)

Glycoproteins
Lipid membranae
RNA

Capsid

Matrix

Reverse transcriptase

HIV Life Cycle:

1. Attachment and Entry:

A gp120 binds to CD4 receptor orAHElper cells
A Coreceptors (CCR5 or CXCR4) facilitate entry of the genetic
materials to the host cell.
A Virus fuses with the cell membran&gp441,it is from this point the
viral RNA will be introduced to the cytosol of a host cell.
2. Reverse Transcription:

A Viral RNA;The viral RNA is converted into DNA by an enzyme
reverse transcriptase
3. Integration:

A Viral DNA enters the nucleus and integraitet® host DNA via an
enzymeintegrase.The viral DNA has no information for synthesis of
protein, so enters the host nucl eus
genes to enable it making its own protein, where new virus will be
formed for the new formed \at protein.

4. Transcription and Translation:

A Host cell machinery makes viral proteins and RNA.The virus does not
have organelle like ribosome, so making proteins by itself is
impossible. When it has stolen the protein making information from
t he h o seétbeshosycellrwidl start producing viral proteins in its
ribosome.

5. Assembly:

A The viral protein will be broken into small viral particles by and
enzyme protease and assemble at the cell membranes.
6. Budding and Maturation:



A Immature viruses bud off, or anethterm for this is pinching off. The
new formed virus will detach from the membrane of the host cell and
get into the blood stream-establish an attack to the new CD4+ T
Helper cell.

HIV Life Cycle
1. Binding: HIV virus Binds
10 the host cell

-~ converted Into DNA useing

.#.‘ raverse franscriptase
i |

be intagrate
host DNA
5. dee
\/\/\ 5. Replication. HIV can
2 now produce long chains
. of HIV proteins which can
be used 1o bulld more HIV.
Q 7 6. Assembly, H eins
L \» X and RNA move ace
- of celland a led
6. '}’ nto immature HIV
@ 7. Budah
‘ s pushe the ce
and proteases activate

mmature nto mature
nfectious HIV,

healthline

Modes of Transmission;

Unprotected sexual intercoursea@inal, anal, oral)
Blood transfusion with infected blood

Sharing needles or syringes

Motherto-child during childbirth or breastfeeding
Organ transplantation from infected donors.
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Diagnosis:
1. HIV Antibody Tests:

A ELISA, Rapid Diagnostic Tests (RDTs)
A Window period: 3 12 weeks posinfection
2. Antigen/Antibody Combo Tests (4th gen):

A Detect both p24 antigen and antibodies
3. Nucleic Acid Tests (NATS):

A Detect HIV RNA early detection and viral load monitoring.

Clinical Stages of HIV:

Stage Description
Acute HIV Infection  2i 4 weeks after infection, flike symptoms, high viral load



Stage Description

Chronic HIV Asymptomatic or mild symptoms; virus continues replicating
(Latency) slowly

AIDS CD4 count < 200 cell s/ eL or
Treatment:

Antiretroviral Therapy (ART):

A Combination of 3+ drugs from different classes
A Doesnot cure HIV but controls replication
A Restores immune function, reduces transmission risk

Main Classes of ART Drugs:

1. NRTIs (Nucleoside Reverse Transcriptase Inhibitorsg.g. Zidovudine,
Lamivudine

NNRTIs (Non-Nucleoside RT Inhibitors),e.g. Efavirenz

PlIs (Protease Inhibitors)e.g. Lopinavir

Integrase Inhibitors,e.g. Dolutegravir

Entry/Fusion Inhibitors ,eg. Maraviroc, Enfuvirtide

abrwn

Prevention:

Safe sexUse of condoms, limiting partners

HIV testing: Regular screening, especially for higbk groups

ART for infected persons:Reduces viral load to undetectable
Pre-Exposure Prophylaxis (PrEP):For highrisk HIV-negative individuals
PostExposure Prophylaxis (PEP):Within 72 hours after potential exposure
Blood safety: Screening blood products

Needle exchange programg=or people who inject drugs

PMTCT: Prevention of motheto-child transmission using ART during
pregnancy

Prevention Impact:

Intervention Epidemiological Impact
ART (Treatment as Preventior Reduces transmission by lowering viral loe
PrEP (Preexposure prophylaxi ~99% effective when taken correctly
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Condom promotion Reduces sexual transmissiask
Needle exchange programs Reduce HIV among people who inject drug
PMTCT programs Reduced MTCT risk to <2% with proper Al

Global Targets (UNAIDS 9595-95 Goal):

By 2025:

A 95% of people living with HIVknow their status



A 95% of those diagnosed aom ART
A 95% of those on ART achiewdral suppression.
0

WHY TREATING HIV/AIDS IS VERY DIFFICULT AND STILL IMPOSSIBLE?

HIV is difficult to treat because it integrates into the host genome, hides in reservoirs,
mutates rapidly, and weakens the immune systerajrneg lifelong therapy to control but
not eliminate the virus.

A Hiding sites.
The virus hides where the drug molecules cannot react it effectively. For example
when the virus is in the CD4-Helper and the drug molecule is directed towards
it. The CD4i T-Lymphocytes will pump out the drug molecuole,a fact which will
protect the virus. Some hiding sites of the virus have a barrier in which the drug
molecule cannot cross. The good example is when the virus is in the brain, the drug
cannot cross the braiblood barrier.

A The virus is smart in carrying out rapidly mutation.
HIV virus mutates rapidly, ensuring all target for the drug and immunes system are
not on the normal location they used to be in the new formed virions. This provides
not only perfect evasiobut also makes the drug harmless.

Vaccine Challenges
No effectiveHIV vaccine exists because:

A The virus mutates too rapidly

A It has many subtypes

A It hides from the immune system

A It doesn't elicit strong neutralizing antibody responses in naturalioriect

Hepatitis B.

Hepatitis B is a viral infection caused by Hepatitis B virus.(HBV).These viruses primarily
affect the liver causing both acute and chronic disease.HBV is a DNA virus belonging to
the Hepadnaviridae family and it possess the follgvigatures basing on its structural
composition.

A It has partially double stranded circular DNA.
A It has an envelope containing.
-Surface antigen,HBsAg
-It has an antigen in its core which is HBcAg.
-It has a soluble antigen which is derived from the corelwis HBeAg.
-It has an enzyme DNA polymerase.



ENVELOPE

CAPSID

HEPATITIS B VIRUS
Epidemiology

A Over296 million peopleworldwide have chronic HBV infection. This is
according to WHO report of 2023.
A Highly endemicin SubSaharan Africa, East Asia, and parts of the Racif
Transmission routes

A Parenteral via needle sharing and blood transfusion.

A Sexual contact

A Perinatal via motherto-child during childbirth.

A Horizontal happen in various ways, especially in children through
minor wounds.

Epidemiology of Hepatitis B in Tarzania.
Prevalence.

A Hepatiti B virus infection is hyperendemic in Tanzania. Meaning the disease is
always present.
A According to WHO and local health reports,estimated national prevalence of
chronic HBV infection,positive HBsSAg in general population rangesf6-8%.
A In the high risk groups the prevalence can be significantly higher via
-Blood donors it is about-70%.
-Pregnant women, it is about94%.
-Health care workers about88%
-HIV 1 positive individuals is about-67%.
Transmission Patterns in Tanzana

A Perinatal ad early childhood transmission are major contributors due.
-Home delivery without medical supervision usually under the work of
Traditional Birth Attendants.
-Lack of early HBV vaccination, which has a very poor coverage particularly in
the rual areas.

A Unsafe medical practices which includes the following
-Unscreened blood transfusions.
-The attitude of reuse of needles and syringes, it is declining attitude, rarely
practiced but can still be significant.



A Cultural practices:
-Some tribes parularly in the rural of the country still practicing, traditional
tattooing or circumcision with nesterile instruments.

-Sexual transmission especially more common in urban settings.
-Injection drug use is less common but remains a risk factor.

A Vaccination Coverage.
-Tanzania introduced the Hepatitis B vaccines in 2002 into Expanded Programme
on Immunization.(EPI)
-The Vaccine is administered as part of the pentavalent vaccinelepB-Hib
at, 6,10 and 14 weeks of age. However no birth dose is rouéidetinistered,
which is a major gap in preventing mothierchild transmission. (MTCT).
A Screening and Awareness.
-Routine antenatal HBV screening is not universally practiced, despite WHO
recommendation.

-There is no adequate community raising awarenespaign using health workers to
reach the community.

-Blood donor screening for HBV is usually done effectively but gaps for this can be
seen in rural/low resource setting.

A Co-infections
-There is high rate of HIV/HBV ctnfection especially in high prevalee areas such
as Mwanza, Mbeya, Njombe and Iringa.
-HBV co infection complicates HIV/AIDS management and it increase the risk for
liver diseases.
A Government and Public Health Response

T a n z aNmiionab\4ral Hepatitis Strategy (2022 2026)aims to:

-Increasescreening and treatment access
-Improvesurveillance and reporting
-Introduce thebirth dose vaccine

-Scale up public education campaigns

WHO and partners are supporting Tanzania in working toetmination of viral
hepatitis as a public health thatdy 2030

Key Challenges

Lack of routine birth dose vaccination

Limited access to diagnostics and antiviral treatnrentral areas
Low public awarenessf HBV transmission and prevention
Insufficient dataon actual burden due to underreporting
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Summary Table

Aspect

Estimated national
prevalence

Highest prevalence

Common transmission
modes

Vaccine coverage
Screening

Key coinfection
Public health goal

Pathogenesis

Data/Remarks
61 8% (chronic HBV)

Blood donors, HIVpositive persons

Perinatal, horizontal (early childhood), unsafe medical
practices

Good afterifh ancy {d&36);00%irtlBdoseyet
Inconsistent; not universal in ANC clinics

HIV

HBV elimination by 2030

A As we know viruses are specific to the host cell they attack, once HBV gain a8 acce
to bloodstream it target hepatocytes.(Liver cells.)Remember these hepatocytes
perform over 5000 physiolocal activities.

A The viruses itself is not cytopathic,but when the virus is in the liver there are some
protein which will mimic the properties of thveus and therefore trigger autoimmune
reactions leading to the destruction of the liver tissue via cytotekimphocytes
which attack and destroy hepatocytes, because it usually destroy cells which are
infected by viruses and cancerous cells.

The damag to the hepatocytes can lead to

-Acute hepatitis.

-Chronic hepatitis.

-Fulminant hepatic failure.

-Liver cirrhosis.

-Hepatocellular carcinoma



HEPATITIS B PATHOGENESIS

Bloodstream

Infection

Liver
damage

Clinical Features

1. Acute Hepatitis B.

It has incubation pertbof 6weeks to 6 months. It may have the following
symptoms.

Fatigue, malaise

Anorexia, hausea

Jaundice

Dark urine, pale stools

Right upper quadrant pain

90% of adults recover completely.

2. Chronic Hepatitis B
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A Defined as persistence @BsAg > 6 months
A Can be:

-Inactive carrier state

-Chronic active hepatitis

A Risk factors for chronicity:
-Age at infection (higher in neonates)

-lImmunosuppression

-Co-infections (e.g., HIV)

3.Extrahepatic Manifestations



A Polyarteritis nodos#olyarteritis nodosa is a raretesygie necrotizing
vasculitis that primarily affects medsiped arteries, leading to
organ ischemia and damage.

A GlomerulonephritisGlomerulonephritis is a group of kidney disorders
characterized by inflammation of the glomeruli, leading to impairgd kidne

function and often presenting with hematuria, proteinuria, and hypertension.

A Serum sicknestke syndromeSerum sicknedige syndrome is a

hypersensitivity reaction that mimics serum sickness, presenting with fever, rash,

and arthralgia, but withoutrimane complex deposition or
hypocomplementemia.

Serological Markers

Marker Meaning
HBsAg Current infection (acute or chronic)
Anti-HBs Recovery/immunity
HBCAg Not detected in serum

Anti-HBc (IgM) Recent infection (acute)
Anti-HBc (IgG) Past infection

HBeAg Active viral replication, high infectivit
Anti-HBe Reduced infectivity
INVESTIGATIONS.

A Liver function tests (LFTslElevated ALT, AST

A HBsAg and AntiHBc (IgM);A serology for detecting released IgM acute
infection.
HBsAg > 6 monthsindicates chromwiinfection

A HBV DNA PCRassesses viral load

A Liver biopsy or Fibro Scarevaluates fibrosis/cirrhosis.

Treatment

1. Acute Hepatitis B

A Mostly supportive care
A Monitor for signs ofulminant liver failure

2. Chronic Hepatitis B
Goals:

A Suppress viral replicatio
A Prevent cirrhosis and liver cancer
Antiviral medications:

A First-line:
A Tenofovir disoproxil fumaratéTDF)
A Tenofovir alafenamid€TAF)
A Entecavir
Doses.



1. Tenofovir disoproxil fumarate (TDF)
1 Dose:300 mg orallyonce daily

1 Duration: Longterm or lifelong,depending on virological response, HBeAg status,
liver function, and presence of cirrhosis.

Entecavir (ETV)
1 Dose:
-0.5 mg orally once dailyfor treatmeninaive patients
-1 mg orally once dailyfor patients with lamivudine resistance

-Duration: Also longterm or lifelong depending on treatment goals and patient
condition

-Interferon -alpha (less commonly used due to side effects)

Monitoring:
A HBV DNA levels
A ALT levels
A HBeAg/Anti-HBe
A Liver ultrasound every 6 months for HCC surveillance eigflg if there is

liver cirrhosis.
CAN ASCORBIC ACID VITAMIN C TREAT HEPATITIS B INFECTION?

Ascorbic acid has been revealed through various studies to have potential supportive
various viral infections including Hepatitis B,but it is not a staddsprimary treatment o
the disease.

Therapeutic properties of Ascorbic acid in relation to Hepatitis B.

1.Antioxidant Activity

Hepatitis B virus (HBV) infection leads to liver inflammation and oxidative stress.

Ascorbic acid may help reduce oxidativerdage in hepatocytes, potentially limiting liver
injury.

2.Immunomodulation

Vitamin C can support immune function, possibly enhancing the body's ability to fight
HBV.



Some studies suggest it may stimulate the production and function of lymphocytes ai
phageytes.

3.Inhibition of Viral Replication (Experimental)

In vitro studies and some smaltale or anecdotal reports suggest that high doses of vi
C may have antiviral effects, possibly inhibiting replication of certain viruses, includin
HBV. However this is not consistently demonstrated in humans.

3.Clinical Evidence

A Evidence for usingscorbic acid injections specifically for Hepatitis B is
limited and not conclusive

A Some alternative or complementary medicine practitioners have report
positive efects with highdose IV vitamin C, buthese are not supported b
large, randomized controlled trials

A Mainstream guidelines such as that of WHOhdorecommend ascorbic ac
as part of standard HBV management

Complications

Fulminant hepatitis
Chronichepatitis
Cirrhosis

Hepatocellular carcinoma
Portal hypertension

Liver failure

Prevention
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A. Vaccination

Recombinant HBV vaccine
Administered as:

Birth dose

Threedose seried), 1, and 6 months
Highly effective (>95% protection)

B. Postexposure prophylaxs (PEP)
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For unvaccinated individuals exposed to HBV:

A HBV vaccine
A Hepatitis B immunoglobulin (HBIG) ,within 24 hours, especially
neonates born to infected mothers.

C. Screening and Safe Practices



A Blood screening
A Safe injection and sexual practices
A Universalprecautions in healthcare

WHO Guidelines

A Recommendirth dose of HBV vaccine within 24 hours

A Promotescreening of pregnant women

A Antiviral treatmentfor those with high viral loads

A Global goal:Eliminate viral hepatitis as a public health threat by 2030

Key Summary

Feature Hepatitis B
Virus Type DNA (Hepadnavirus)
Transmission Blood, sexual, perinatal
Incubation 6 weeks to 6 months
Chronicity Risk High in infants, low in adults
Key Marker HBsAg
Vaccine Yesi highly effective
Treatment Antivirals (TDF, TAF, Entecavir

Major Complication

Hepatitis.C.

Hepatitis C is a viral infections caused by the Hepatitis C virus (HCV) that primarily affects
the liver. It can lead to both acute and chronic liver diseases, and in many cases it becomes a
chronic irffection with potentially serious complications.

Hepatitis C virus is a small enveloped RNA virus in the Flaviviridae family.

The disease is transmitted via the following routes

A The primary route is Blood to Blood contact.

Sharing needles or syringes espéyiin the IV drug use.

Transfusing unscreened blood, a rare practice but potentially still a threat.
Unsafe medical practices, may lead to a contact with the virus good example is
needle stick injuries in the health care.

During birth a bay may get itdm the other if she is infected.

Less commonly via sexual contact or sharing personal items.

EPIDEMIOLOGY.
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Epidemiology of Hepatitis C (Short and Precise)

Global prevalence. It is estimated that 58 million people have chronic Hepatitis C
infections. Thissiaccording to 2024 WHO report.

New cases per year is around 1.5 million

Transmission: Mainly througtblood-to-blood contact, especially viajecting drug
use, unsafe medical procedures, and contaminated blood transfusions.

High -risk groups:
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-People whaject drugs (PWID)
-Recipients of unscreened blood products, especially before 199.
-Healthcare workers, needle stick injuries.
-Infants born to HCYpositive mothers
Geographic distribution: Highest prevalence lrastern MediterranearandEurope;
also highn parts ofAfrica andAsia.
Chronicity: 75885% of acute infections become chronic.

Complications: Can lead tairrhosisliver failure and hepatocellular carcinoma
Mortality: HCV-related liver disease causes28@j000 deaths annually

Stages of Hepttis C Infection:

1. Acute Hepatitis C

A Occurs within 6 months of exposure.

A Oftenasymptomatior with mild symptoms such as fatigue, nausea, jaundice.

A Some patients aboutll35%, clear the viruspontaneouslyMeaning the viral
infection is cleared by immne system, or simply seliimiting.

2. Chronic Hepatitis C

A Persists beyond 6 months ini B5% of cases.
A Can lead to:
-Liver fibrosis, scars formation.

-Cirrhosis, chacterizedby necrosis of liver cells, fibrosis of the liver tissue
and nodules formation ding up by destroying the structure of the liver and
impaired in function. It can automatically lead to liver failure.

-It can complicate to hepatocellular carcinoma.(Liver cancer).

Pathogenesis.

A
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HCV entry via blood exposure. It finds its way into the liwéa blood stream by

evading immune system.

Infection of hepatocytes liver cells. It then enters liver cells and replicates within the
liver cells.

The pathological activities within the hepatocytes will be detected by the immune
system and immunologiteesponse will take place leading to inflammation.
Inflammation is a double sword process meaning it kill not only the virus in this case,
but also will damage normal health cells and tissue of the liver.

Damage to the liver cells will cause the fibroSigmation of scars and cause liver
cirrhosis.

In liver cirrhosis there is reduced in size of the liver, meaning it will be atrophied.
This causes cellular changes which in turn lead to cancer to progress. Liver cancer is
called hepatocellular carcinoma.

CLINICAL PRESENTATION.



Asymptomatic but if symptoms are present they can be.

Fatigue

Jaundice (yellow skin/eyes)
Abdominal pain (right upper quadrant)
Dark urine

Loss of appetite

Nausea

Joint pain.
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Diagnosis:

A Anti-HCV antibodies test used for screening.

A HCV RNA PCR to confirm active infection.

A Liver function tests, ALT, AST.

A Liver biopsy or elastographyto assess liver damage.
Treatment:

A Direct-acting antivirals (DAAshre the main treatment. Exampl&sifosbuvir
Ledipasvitr Velpatasvirlt cure Hepatitis @y 95%.So hepatitis C can be
cured.

A No vaccine for Hepatitis C is available currently.

Prevention:

A Avoid sharing needles or personal items.
A Use safe medical practices.
A Screen blood products.

A Practice safe sex, especially in higék groups.

Ebola Virus.

Ebola is a severe and in many cases deadly viral disease caused by Ebola virus which belongs

to the Filoviridae family. It leads to a type of viral hemorrhagic fever, affecting multiple

organs and causing internal and external bleeding in many cases.

Ebolavrus has been presenting in various forms affecting human as pointed out down here.
A Zaire ebolavirus.It is the most deadly form and was first noted in 1979 in Zaire now

DRC.

Sudan ebola virus

Bundiburgo Ebola virus.

Tai Forest Ebola virus.

Reston Ebola virs it affects animals not human.

Endemic inCentral and West Africa

Major outbreak2014 2016 West AfricaGuinea, Liberia, Sierra Leone)

Reservoir: Believed to breuit baits.
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Transmission is archived by the following ways.

A Zoonotic origin. Bats are natutaost, it is usually transmitted from Bait fruits.
A Human to human transmission.

-Contact with blood, secretions, or body fluids.

-Contact with contaminated surface or medical equipment.



-Through mucous membranes or broken.
-It is not air borne.

STRUCTURE OF EBOLA VIRUS.

Structure
A Enveloped filamentous virus
A Negativesense singlestranded RNA (ssRNA)
A 80 nm in diameter, up to 1,000 nm in length
A Encodes 7 structural proteirGP, VP35, NP, VP40)

EBOLA VIRUS

Glycoprotein

Lipid envelope

Nucleocapsid
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Nucleocapsid

Pathogenesis
1. Entryvia mucous membranes or skireaks
2. Infects macrophages and dendritic cells
3. Replicationin lymph nodes then spreads to liver, spleen, etc.
4. Cytokine storntriggers systemic inflammation
5. Endothelial damagkeads to vascular leakage then vascular leakage leads to

o

hypovolemia

Disseminatd intravascular coagulatiqidIC) failure blood to clot massively in the
blood vessels leading to bleeding

Leads tamulti-organ failureandshock.



PATHOGENESIS OF
EBOLA VIRUS

INFECTION OF

IMMUNE CELLS
VIRUS REPLICATION
oI —
/—\
HOST IMMUNE -
RESPONSE HOST IMMUNE
RESPONSE
Symptoms:

Incubation period2 to 21 days.

Early symptoms:

A Sudderfever, headache
A Muscle painfatigue
A Sore throgthauseadiarrhea



Later symptoms:

Vomiting, abdominal pain

Hemorrhagic symptom&.g., bleeding from gums, eyes, Gl tract)
Rash

Hypovolemic shockmulti-organ failure

Mortality rate:251 90%, dependsrostrain and care.
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INVESTIGATIONS.
Diagnosis

A RT-PCR (gold standard)

A ELISA (detects antibodies or antigens)
A Virus isolation (in high biosafety labs)
A Serology(for survivors)

Treatment and Prevention:

A No cure but supportive care (IV fluids, oxygen, blooggsure support)
increases survival

Antiviral therapiedike InmazebandEbangahave shown promise
Vaccine:rVSV-ZEBOV (Ervebo) is approved fataire ebolavirus
PreventionUse of PPE, infection control, safe burial practices, and
vaccination during outbeks.

Public Health and Control
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A Isolation of cases

A Contact tracing and monitoring

A Community education

A Travel restrictions (during outbreaks)

A WHO and CDC play key roles in outbreak

Marburg Virus (MARV) - Full Notes

1. Classification

Family: Filoviridae

Genus: Marburgvirus

SpeciesMarburg marburgvirus

Related ta Ebola virus (same family but different genus)
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2. Morphology and Structure

T Virion : Enveloped, filamentous, pleomorphic (can appear-shaped, &haped, or
circular forms)

1 Size 80 nm in diametetgngth varies (up to 1400 nm)

1 Genome Singlestranded, negativeense RNA (~19 kb)



1 Proteins:
o NP (nucleoprotein)
VP35, VP40, VP30, VP24
L (RNA-dependent RNA polymerase)
GP (Glycoprotein for attachment and fusion)

O O O

3. Reservoir and Transmission

T Natural Reservoir: Fruit bats (Rousettus aegyptiacus
T Incubation Period: 2i 21 days (commonlyig0 days)

Modes of Transmission:

1 Zoonotic:

o Contact with infected bat secretions or excretions in caves/mines
f Human-to-Human:

o Direct contact with blood, secretions, organshadily fluids

o Contaminated needles or medical equipment

o Sexual transmission (virus detected in semen for months)

4. Pathogenesis

1 Entry: Through mucous membranes or broken skin
1 Target Cells Monocytes, macrophages, dendritic cells, hepatocytes, endbtetis
1 Mechanisms
o Inhibits interferon response (immune evasion)
Massive viral replicat.i

Multi-organ failure

5. Clinical Features
Initial Symptoms (non-specific):

Fever
Chills
Heaache
Myalgia
Malaise
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Progressive Symptoms:

1 Nausea, vomiting, abdominal pain, diarrhea (may be bloody)

0 tion Y cytokine
o |l mpaired coagulation Y hemorrhage
(0]

S



1 Skin rash (maculopapular)

1 Hemorrhagic manifestations:
o Bleeding from gums, nose, Gl tract
o Hematuria, petechiae, ecchymoses

Late Stage/Severe Cases:

Shock

Multi-organ dysfunction (especially liver and kidneys)
Neurological symptoms (confusion, seizures, coma)
Death from hypovolemic shock and organ failure
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Case Fatality Rate:

T 24% to 90%, depending on outbreak and quality of supportive care

6. Diagnosis

1 Early Diagnosisis critical but difficult due to nonspecific symptoms.

1 Laboratory Tests:

RT-PCR: Gold standard (detects viral RNA)

ELISA: Detects IgM/IgG antibodies or viral antigens

Virus isolation: Requires BSt4 lab

Immunohistochemistry, electron microscopgresearch settings)
CBC: Leukopenia, thrombocytopenia

LFTs: Elevated liver enzymes

Coagulation studies: Prolonged PT/PTT

O O O 0O O o o

7. Treatment

T No specific antiviral therapy approved

1 Supportive Careis the mainstay:

Rehydration (oral/lV fluids)

Electrolyte balane

Oxygen therapy

Blood transfusions

Treatment of canfections

1 Experimental Therapies
o Antiviral drugs (e.g., Remdesivir, Favipiraviinvestigational)
o Monoclonal antibodies (e.g., MR191)
o Interferons (type I)

O O O O O

8. Prevention and Control



No licensed vaccie (as of mid2020s), but several in development:

1 rVSV-MARYV (based on vesicular stomatitis virus vector)
1 DNA vaccines, adenovirtsased vaccines

Infection Control Measures:

Strict barrier nursing

PPE for healthcare workers
Quarantine and contact tracing
Sak burial practices
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Community Education:

1 Avoid contact with bats
¢ Caution in handling animals or visiting caves

9. Epidemiology

T First Outbreak: 1967 in Germany and Yugoslavia (linked to African green monkeys
from Uganda)
1 Endemic Areas SubSaharan Africa
7 Notable Outbreaks
o Angola (2005): ~90% fatality rate
o Uganda, DRC, Kenya
o Equatorial Guinea and Tanzania (2023: We@firmed outbreaks)

10. Biosafety

1 BSL-4 Pathogen
T Requires highest level of laboratory containment
1 Handling restricted to specialized centers

11. Differential Diagnosis
Must be distinguished from:

Ebola Virus Disease
Malaria

Typhoid fever
Dengue

Lassa fever
Leptospirosis
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1 Meningococcemia

12. Summary Table

Feature Description
Virus Type Negativesense ssRNA
Family Filoviridae

Reservoir Fruit bats Rousettus aegyptiacus
Transmission Contact with fluids (zoonotic + humao-human
Incubation  2i 21 days

Symptoms  Fever, hemorrhage, organ failure

Diagnosis  RT-PCR, ELISA

Treatment  Supportive

Prevention PPE, isolation, investigational vacein

Marburg Virus (MARV).

Marburg virus is a highly infectious and deadly virus that causes Marburg virus disease (MVD),a
form of viral hemorrhagic fever. It belongs to the Filoviridae family, the same family as the

Ebola virusThe virus is found in the diits bait being its natural reservoir. The scientific

name of this bait is Rosettes aegyptiacus.The incubation period is rangesZiodays.

Modes of Transmission:

A Zoonotic:Contact with infected bat secretions or excretions in caves/mines
A Human-to-Human:
-Direct contact with blood, secretions, organs, or bodily fluids

-Contaminated needles or medical equipment

-Sexual transmission (virus detected in semen for months)

Classification

A Family: Filoviridae

A Genus Marburgvirus

A SpeciesMarburg marburgvirus

A Related to: Ebola virus (same family but different genus).

Epidemiology

A First Outbreak: 1967 in Germany and Yugoslavia (linked to African green
_ monkeys from Uganda)
A Endemic Areas SubSaharan Africa



A Notable Outbreaks
-Angola (2005): 90% fatality rate

-Ugandh, DRC, Kenya
A Equatorial Guinea and Tanzania (2023: Wel@firmed outbreaks)

A Case Fatality Rate 24% to 90% depending on outbreak and quality of
supportive care

Morphology and Structure.

A
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The new formed virion its enveloped, filamentous, pleomorphoaritappear in U
shaped, &haped or circular forms.

It has a size of 80nm in diameter, length varies up to 1400 nm.

Genome. Singlstranded negativeense RNA,(kd 19.)

Protein, it has the following structural proteins.

-Nucleoproteins (NP)

-VP35, VP40, VPG, VP24.

-It has an enzyme RNAependent RNA polymerase.



STRUCTURE OF

MARBURG VIRUS

MATRIX
PROTEIN

NUCLEO-
CAPSID

Pathogenesis

1. Entry point. It gain its access into the body via scratched mucous membrane and once in

theblood it finds its target cells.Differnt from a usual attitude of the virus being specific to

the host cell it can attack, the Marburg virus can affect many cells.

2. Target cell. It can attack Monocytes, Macrophages, dendritic cells, hepatocytes,

endothekl cells.

3. Mechanisms.

A It inhibit releasing of chemical mediator interferon by outsmarting the immune
system.(Evasion)

A It can replicate inside any of these cells, it usually carry out massive replication. This
replication will be recognized by the immaisystem and the cytokines storm will
follow. Releasing large amount of cytokines by macrophages which will direct the
macrophages andlymphocytes to the sites where these viruses are.

A Then follows vascular changes increasing the permeability to alkse fleucocytes,
cytokines within the plasma to cross over an endothelial wall and reach the target, a
site where viruses are within the tissues.



A Then pathological changes will bring impaired coagulation leading to hemorrhage
_ (Massive bleeding).
A Bleeding ca lead to organ failure.

Clinical Features

Initial Symptoms (non-specific):

A
A
A
A

Fever
Chills
Headache
Myalgia
Malaise

Progressive Symptoms:

A
A
A

Nausea, vomiting, abdominal pain, diarrhea (may be bloody)
Skin rash (maculopapular)

Hemorrhagic manifestations:

-Bleedng from gums, nose, Gl tract

-Hematuria, petechiae,ecchymoses

Late Stage/Severe Cases:
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A
A

Diagnosis
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Treatment

A

Shock

Multi-organ dysfunction (especially liver and kidneys)
Neurological symptoms (confusion, seizures, coma)
Death from hypovolemic shock and organ failure.

Early Diagnosisis critical but difficult due to nonspecific symptoms.
Laboratory Tests:

-RT-PCR: Gold standard (detects viral RNA)

-ELISA: Detects IgM/IgG antibodies or viral antigens

-Virus isolation: Requires BSt4 lab

-Immunohistochemistry, electron nicroscopy (research settings)
-CBC: Leukopenia, thrombocytopenia

-LFTs: Elevated liver enzymes

-Coagulation studies: Prolonged PT/PTT.

No specific antiviral therapy approved



A Supportive Careis the mainstay:
-Rehydration (oral/lIV fluids)

-Electrolyte balance

-Oxygen therapy

-Blood transfusions

-Treatment of canfections
Experimental Therapies

A Antiviral drugs (e.g., Remdesivir, Favipiraviinvestigational)
A Monoclonal antibodies (e.g., MR191)
A Interferons (type I).

Prevention and Control
No licenged vaccine (as of mieR020s), but several in development:

7 rVSV-MARYV,based on vesicular stomatitis virus vector.
1 DNA vaccines, adenovirdsased vaccines.

Infection Control Measures:

A Strict barrier nursing

A PPE for healthcare workers

A Quarantine and contactiting

A Safe burial practices
Community Education:

A Avoid contact with bats

A Caution in handling animals or visiting caves
Biosafety

A BSL-4 Pathogen

A Requires highest level of laboratory containment

A Handling restricted to specialized centers

Differential Diagnosis
Must be distinguished from:

Ebola Virus Disease
Malaria

Typhoid fever
Dengue

Lassa fever
Leptospirosis
Meningococcemia
Summary Table

I I D I >



Feature Description
Virus Type Negativesense ssRNA
Family Filoviridae
Reservoir  Fruit bats Rousettus aegyptiacus
Transmission Contact with fluids (zoonotic + human-human
Incubation  2i 21 days
Symptoms  Fever, hemorrhage, organ failure
Diagnosis RT-PCR, ELISA
Treatment  Supportive
Prevention PPE, isolation, investigational vaccines

epidemiology of muburg visi

Prevention and Treatment:

1 Varicella vaccine(live attenuated) prevents chickenpox.

Zoster vaccineis given to older adults to prevent shingles.

T Acyclovir or valacyclovir can be used to treat VZV infections, especially in severe
cases or immunocomproreis individuals.

VARICELLA ZOSTER VIRUS (VZV)

]

Varicella-zoster virus (VZV) is aherpesvirusthat causes two distinct diseases:
1. Varicella (chickenpox):

A This is theprimary infection caused by VZV.

A It typically occurs inchildren and presents with f@ver anda
generalized itchy vesicular rash(fluid-filled blisters) that starts on
the trunk and spreads outward.

A Therash progressesframacul es Y papul es Y vesi
Y crusts

A After recovery, the virus remaim®rmant (latent) in sensory nerve
ganglia.

2. Herpes zoster (shingles):

A This is thereactivation of the latent VZV, usually imlder adults or
those with weakened immune systems.
A It presents with @ainful, unilateral vesicular rash in adermatomal
distribution (follows a specific nerve path).
A Reacivation can lead to complications suchpastherpetic neuralgia
(chronic nerve pain).
Transmission:

A VZV spreads viaespiratory droplets or direct contact with lesions.



A Chickenpox is highly contagious; shingles is less so but can still transmit VZV
to soneone who has never had chickenpox or the vaccine.
MORPHOLOGY

A lItis enveloped virus

A Its structure is icosahedral nucleocapsid

A It possess doubistranded linear DNA genome

A Itis 150200 nm in size

A Tegument present between envelope and capsid.

EPIDEMIOLOGY

A Reservoir: Humans only

A Transmission:
-Primary infection (Varicella/Chickenpox): Respiratory droplets, direct
contact with vesicle fluid

-Reactivation (Zoster/Shingles)Not contagious as zoster itself, but vesicle
fluid can transmit VZV as chickenpox to arrimmune person

A Seasonal variation:More common in late winter and spring
A Highly contagious: Attack rate > 90% among susceptible household contacts

PATHOGENESIS
A. Primary Infection: Chickenpox (Varicella)

A Virus enters respiratory tract, replicates in phid tissue leading to primary
viremia.The viruses will then spread to the liver/spleen/other organs causing
secondary viremia.This will cause immune mediated skin vesicular rash

A Incubation: ~1021 days

A Contagious: 12 days before rash td b days after
B. Latency and Reactivation: Shingles (Herpes Zoster)

A Latency indorsal root or cranial nerve ganglia

A Reactivation triggered biynmunosuppression, stress, aging

A Virus travels down sensory nerves causing painful unilateral vesicular rash in
dermatomal disibution

CLINICAL FEATURES
A. Chickenpox (Varicella)

Mild fever, malaise, headache

Itchy vesicular rashin "crops" : macul es Y papules Y ves
Y crusts

Lesions atifferent stagesof development

More severe in adults and immunocompromised patients

Complications: bacterial superinfection, pneumonia, cerebellar ataxia,

encephalitis

B. Shingles (Herpes Zost®
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Localized dermatomal rash often thoracic or cranial (trigeminal) nerves
Painful, burning sensation

Postherpetic neuralgia (PHN): persistent pain after rash resolution
Complications: ophthalmic zoster, Ramsay Hunt syndrome (facial palsy + ear
vesicles)dissemination in immunocompromised

DIAGNOSIS
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Clinical diagnosisusually sufficient

Tzanck smear:multinucleated giant cells (nonspecific)
PCR: gold standard, especially for CNS infections

Direct fluorescent antibody (DFA)test from vesicle scraping
Serolagy: IgM/1gG (mainly for immunity or exposure status)
CSF PCR:for VZV encephalitis/meningitis.

TREATMENT
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A. Varicella (Chickenpox)

A Supportive in healthy children
A Antivirals (Acyclovir/Valacyclovir) for:
A Adults

-Immunocompromised

-Complicated cases
-Pregnahwomen
B. Herpes Zoster (Shingles)

A Acyclovir, Valacyclovir, Famciclovir
Most effective if started within 72 hours

A Analgesics: NSAIDs, opioids
A Neuropathic pain: Gabapentin, amitriptyline for PHN.
PREVENTION

A. Vaccines

A Varicella (live attenuated) vaccine2-dose schedule in children {115
months, 46 years)
A Zoster vaccine:
A Recombinant (Shingrix):f or adults O50 year s, prefe
A Live attenuated (Zostavax):less commonly used
B. Postexposure Prophylaxis

A Varicella-Zoster Immune Globulin (VZIG): For highrisk individuals
~ (pregnant, immunocompromised, newborns) within 10 days of exposure
A Antivirals may be used as prophylaxis in exposed-higiindividuals

COMPLICATIONS



A Varicella:
-Pneumonia especially in adults.

-Reye's syndrome associated with aspirin use.
-Encephalitis, hepatitis

1 Herpes Zoster:
o Postherpetic neuralgia (most common)
o Vision loss (herpes zoster ophthalmicus)
o Cranial nerve palsies (e.g., Ramsay Hunt syndrome)

DIFFERENTIAL DIAGNOSIS

For Varicella:

A Smallpox (uniform lesion stage, centrifugal rash)
A Hand-foot-mouth disease (Coxsackievirus)
A Impetigo

For Herpes Zoster:

A Contact dermatitis

A Insect bites

A HSV infection (if localized)
PUBLIC HEALTH NOTES

Notifiable diseasen many countries
Outbreaks can occur in schools, military, healthcare settings
Immunizaton programs have dramatically reduced incidence and
complications

A Primary measles encephaliii$i 2 weeks after rash)

A Postinfectious encephalomyelitis

A Subacute sclerosing panencephalitis (SSIiPiE, years later,

progressive neurological degeneration
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Vitamin A deficiency worsens severity and mortality in children

DIAGNOSIS

A Clinical diagnosisbased on rash + Kopli k spots +
A Laboratory tests:

-Serology: IgM antibodies (appear ~3 days after rash onset)

-RT-PCR: detection of viral RNA in throat swabislood, or urine

-CBC: leukopenia common



TREATMENT

A Supportive care: hydration, antipyretics

A Vitamin A supplementation: reduces mortality and complications in children

A Antibiotics: for secondary bacterial infections
A No antiviral therapy specific for measles.

PREVENTION
A. Vaccination

A Live attenuated MMR vaccine(Measles, Mumps, Rubella)
-1st dose: ©12 months

-2nd dose: 1518 months or at school entry

A Highly effective (~95% after 2 doses)
B. Postexposure Prophylaxis

A MMR vaccine within 72 hours of exposure
A Measles Immunoglobulin (IG): within 6 days for higkrisk individuals
(infants, pregnant women, immunocompromised)

DIFFERENTIAL DIAGNOSIS

Rubella (milder rash, shorter course, postauricular lymphadenopathy)
Scarlet fever (sandpaper rash, strawberry tongue)

Roseola (fever resolves before rash)

Dengue (rash, but with thrombocytopenia)

Drug reactions (history of drug intake)
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11. PUBLIC HEALTH IMPORTANCE

Notifiable disease

Outbreak potentiak due t o hi gh R and vaccine
WHO goal ofglobal eradication

Herd immunity threshold: >95% coverage required to prevent outbreaks
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12. MEASLES IN SPECIAL POPULATIONS

1 Pregnancy:risk of miscarriage, preterm labor, low birth weight
1 Immunocompromised: may develop atypical measles or giant cell pneumonia

13. SUBACUTESCLEROSING PANENCEPHALITIS (SSPE)

hesit



Rare, late complication (20 years posineasles)

Caused by persistent defective measles virus

Progressive neurological deterioration: behavioral changes, seizures, coma
Diagnosis: high measles antibody titers in CSF, EB@hges

No effective cure
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Let me know if you'd like:
l
What is Measles Virus?
Themeasles virus also known aRubeola virus, is ahighly contagious virusthat causes
measlesan acute febrile illness characterizeddyer, cough, coryza (runny nose),

conjunctivitis, and amaculopapular skin rash

It belongs to th&aramyxoviridae family, genus Morbillivirus, and is arenveloped,
single-stranded, negativesense RNA virus

Epidemiology of Measles Virus
1. Reservoir

1 Humansare theonly natural reservoir.
1 There isno animal host or carrier state

2. Transmission
1 Spread byespiratory droplets, aerosols, and direct contact with nasal or throat
secretions.
T Airborne transmission can occur via aerosolized particles that remain suspended for
hours.
T Highly contagious the basic reproduction numb& § is 12i 18 among the highest
of any infectious disease.
3. Incubation Period
1 71 14 days(typically around 10 days) from exposure to the onset of symptoms.
4. Period of Communicability
1 From4 days beforeto 4 days afterthe rash appears.

5. Age and Risk Goups

1 Most common irunvaccinated childrenunder 5 years.



1 Infants, pregnant women, and immunocompromisedndividuals are at higher risk
for severe disease.

6. Seasonality

1 More common irlate winter and early spring.
1 Outbreaks often occur sthools and desely populated areas

7. Global Distribution

T  Worldwide, especially in regions witlow vaccination coverage
1 Despite vaccine availabilitputbreaks still occur due to:

o Vaccine hesitancy

o Poor access to healthcare

o Disruptions from conflict or disasters

8. Blimination and Control

1 Measles has beatiminated in many developed countries duenb@ss vaccination
T Herd immunity requires >95% vaccination coverage to prevent outbreaks.
1 Global efforts led by th#VHO and UNICEF aim for measles eradication

MUMPS VIRUS.

Mumps virus is a contagious viral pathogen causing mumps, a disease characterized
primarily by the parotitis, inflammation of the parotid gland which makes saliva. In advanced
stage the disease can affect multi organ.

The virus belongs to the family Pamgxoviridae and Genus Rubulavirus.It,enveloped,single
stranded negative sense RNA virus.It is Maegmented linear RNA.

MORPHOLOGY

A Spherical, enveloped virus

Size: 100600 nm diameter

Surface glycoproteins:For attachment and release they have
Hemagglutinn.For fusion they have fusion protein which mediates fusion and
syncytium formation.

A It contains a helical nucleocapsid enclosing RNA genome.

EPIDEMIOLOGY
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A Reservoir: Humans only
A Transmission:
-Respiratory droplets

-Direct contact with saliva or respiratasgcretions

Highly contagious

Incubation period: 12i 25 days (average 168 days)
Seasonality:More common in late winter and spring
Age group: Mostly children and young adults
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A Outbreaks: Occur in settings with close contact such as schools, military
barraks.

PATHOGENESIS
A Virus enters viaespiratory tract mucosa
A Initial replication inupper respiratory tract epithelium and regional lymph
_ nhodes
A Viremia spreads virus to multiple organs including:
-Salivary glands,especially parotid.
-Testes
-Pancreas
-Centra nervous system (CNS)

-Other tissues

A Host immune response causes tissue inflammation and symptoms

CLINICAL FEATURES
A. Mumps (Parotitis)

A Prodrome:
-Fever, malaise, headache, myalgia

-Anorexia

A Classic symptomPainful swelling of one or both parotid gland

A Swelling lasts 710 days.

A May be unilateral or bilateral.

B. Other Clinical Manifestations

-Orchitis,testicular inflammatiocnan cause infertility in pogiubertal males
-Oophoritis (ovarian inflammation)
-Pancreatitis
-Meningitis (aseptic meningiti€y common neurological complication
-Encephalitis,inflammation the layer that covers brain and spinal cord. (rare)
-Hearing loss,an autoimmune mediated hearing loss,the inner ear is damaged by the
action of generated autoantibodies against certain mis iatedoproteins in the the

inner ear.

-Mastitis,inflammation of the breats



-Arthritis,joints inflammation

DIAGNOSIS

A
A

Clinical diagnosisbased on parotitis and symptoms
Laboratory tests:

-Virus isolation from saliva, urine, or CSF
-RT-PCR for viral RNA

-Serdogy: detection of mumpspecific IgM antibodies or a fourfold rise in
[o]€

-CSF analysis in meningitis cases.

TREATMENT

A

No specific antiviral therapy
Supportive care:
-Analgesics and antipyretics
-Hydration

-Rest

-Cold or warm compresses for parotid pain

Isolation during the infectious period, usually 5 days after onset of swelling.

PREVENTION

A. Vaccination

A

A
A

Live attenuated Mumps vaccine often given as part of the MMR Measles
MumpsRubella vaccine.

Routine immunization: two doses

Effective in preventing abreaks and severe disease

Immunity after natural infection is lifelong

B. Public Health Measures

A

A

Isolation of cases, taking patients to the isolated facilities to reduce contact
with people, limiting transmission.
Vaccination campaigns in outbreak seting

COMPLICATIONS
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Orchitis leading to testicular atrophy and infertility (rare)

Meningitis and encephalitis

Pancreatitis

Deafness can happen bur it is rare.

Miscarriage if infection occurs during early pregnancy. Not very common.



DIFFERENTIAL DIAGNOSIS

Other causes of parotitis:

-Bacterial parotitis (Staphylococcus aureus)
-Other viral infections (e.g., Coxsackievirus, Epstearr virus)
-Obstruction (salivary stones)

-Sjogrends syndr ome

Summary Table:

Feature Description
Virus type  Enveloped, ssRNA, mativesense
Family Paramyxoviridae

Transmission Respiratory droplets, saliva

Incubation

121 25 days

Key symptorr Parotitis (painful swollen parotid glant
Complication: Orchitis, meningitis, pancreatitis

Diagnosis  Clinical + serology/RTPCR
Treatmenm Supportive
Prevention Live attenuated vaccine (MMR)

RUBELLA VIRUS

Rubella Virus is the causative agent of rubella also known as German measles. It is a mild
viral illness characterized by rash and fever. The virus is known for causing congenital
rubela syndrome ( CRS) when infections occurs during pregnancy.

CLASSIFICATION

A Family: Togaviridae
A Genus:Rubivirus
A Virus type: Enveloped, singkstrandedpositive-sense RNAvirus
A Genome:Linear, norsegmented RNA
A Replication: Cytoplasmic
MORPHOLOGY

A It is splerical in shape, enveloped virus
A Size: It possess 500 nm diameter



A Surface containg1 and E2 glycoproteinsresponsible for attachment and

fusion

A Contains icosahedral nucleocapsid enclosing RNA genome.

RUBELLA VIRUS

Glycoprotein
Spike

Matrix
Protein

Nucleo-
capsid

EPIDEMIOLOGY

A
A
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Resewoir: Humans only
Transmission:
-Respiratory droplets

-Direct contact with nasal or throat secretions

Incubation period: 14i 21 days (average ~168 days)

Period of communicability: 7 days before to 7 days after rash onset

Age group: Mostly children and youog adults

Seasonality:Late winter and early spring

Global distribution: Worldwide

Vaccination impact: Widespread use of rubella vaccine has dramatically
reduced incidence.

PATHOGENESIS
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Virus enters through respiratory tract mucosa

Initial replication in msopharyngeal epithelial cells and regional lymph nodes
Viremia disseminates virus to skin, joints, lymphoid tissue, and placenta (if
pregnant)

Infection of fetal tissues can cause congenital defects



PATHOGENESIS

| | Rubella
* —’ / virus
Rubella virus = '

‘Parotitis

Spread to
lymph nodes

/ ‘ ‘|v Rash

Viremia

CLIN ICAL FEATURES
A. Postnatal (Classic) Rubella
A Incubation 1421 days
A Mild prodrome: lowgrade fever, malaise, sore throat, lymphadenopathy,
especially posterior cervical, occipital.
A Rash:
-Pink maculopapular rash starting on face to the trunk to the limbs
-Usually | aslty BBedayesOh3
-Non-confluent, fades without pigmentation or scarring

Other symptoms: mild conjunctivitis, cough, joint pain (especially in adults)



B. Congenital Rubella Syndrome (CRS)

A Occurs when rubella infects fetus durfirgt t rimester
A Classic triad:
-Sensorineural deafnesgmost common)

-Eye defects:cataracts, glaucoma, retinopathy
-Congenital heart defectspatent ductus arteriosus, pulmonary artery stenosis

A Other features: microcephaly, mental retardation, hepatosplenomegaly
Ablueberry muffind rash ,extra medull a

COMPLICATIONS

A Arthralgia and arthritis (especially in adult women)

A Thrombocytopenic purpura

A Encephalitis (rare)

A CRSwith severe developmental anomalies
DIAGNOSIS

A Clinical suspicion based on rash and lymphadenopathy
A Laboratory tests:
-Detection of rubellespecificlgM antibodies for acute infection.

-Seroconversion or rising IgG titers
-RT-PCR for viral RNA in throat swabs or blood
-Virus isolation (rarely done).

TREATMENT

A No specifc antiviral therapy

A Supportive treatment: rest, antipyretics, analgesics

A Isolation to prevent spread during infectious period
PREVENTION

A. Vaccination

A Live attenuated rubella vaccine
A Given as part of th®IMR,measlesmumps-rubella vaccine
A Routine immunizton recommended worldwide
A Provides lifelong immunity
B. Pregnancy Screening

A Screening women for immunity before pregnancy
A Vaccination of noimmune women in childbearing age (not during
pregnancy)
PUBLIC HEALTH IMPORTANCE



A Rubella is anotifiable disease

A Prevention of CRS is a major public health goal

A High vaccination coverage needed (>95%) for herd immunity
A Outbreaks occur in unvaccinated populations

DIFFERENTIAL DIAGNOSIS

A Measles (rubeola): more severe, confluent rash, Koplik spots
A Roseola: rash after Higever, younger children

A Scarlet fever: sandpaper rash, strawberry tongue

A Parvovirus B19 erythema infectiosum.

Summary Table:

Feature Description
Virus type Enveloped, ssRNA, positiveense
Family Togaviridae
Transmission Respiratory droplets
Incubdion period 14 21 days
Key symptoms Mild rash, lymphadenopathy, arthral
Congenital complicatior Deafness, cataracts, heart defects
Diagnosis IgM antibodies, RTPCR
Treatment Supportive
Prevention Live attenuated vaccine (MMR)
POLIO VIRUS.

Poliovirus is a highly infectious virus that causes poliomyelitis commonly known as polio, a
potentially disabling and life threatening disease. It is a small non enveloped virus with a
singlestranded positivésense RNA a genome. This virus belongs to theg&mterovirus

and the family picornaviridae.

Key Characteristics:
A Structure: Icosahedral capsid, about 30 nm in diameter.
A Genome:Singlestranded RNA.
A Types: There ardghree serotypes
-Poliovirus type 1 (PV1)i most commonly associated with paralysis.
-Poliovirus type 2 (PV2)i eradicated globally.

-Poliovirus type 3 (PV3)i also declared eradicated.

Transmission: Fecatoral route, occasionally oralral.
Primary Site of Replication: Oropharynx and intestinal mucosa.
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A Target Tissue:Anterior horn cells ofhe spinal cord (in paralytic cases).
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(PARAMYXOVIRUS FAMILY)

GLYCOPROTEIN
SPIKES

ENVELOPE
(LIPID MMBRANE)

F(FUSION
SPIKES

NUCLEO-
PROTEIN

(NP)

MATRIX

PROTEIN
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Epidemiology of Poliovirus
1.Global Distribution

A Poliovirus was once widespread worldwide, especially affecting children
under five.

A Due toglobal vaccination efforts wild poliovirus is nowendemic only in a

few countriese.g.,Afghanistan andPakistan as of recent WHO reports.

Poliovirus type 2 and type 3have beerradicatedglobally; onlytype 1 wild

poliovirus remains in circulation.

2. Modes of Transmission
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A Fecaloral route is the primary mode, especially in areas with poor sanitation.
A Also spreads througbral-oral contact (e.g., droplets, saliva).
A Virus ishighly contagious and infected persons can shed the virus even if
asymptomatic.
3. Reservoir

A Humans are the ony known reservoir.
A No animal reservoirs are involved in transmission.
4. Incubation Period

A Typically 7i 14 days but can range fror to 35 days
5. Risk Factors

A Poor sanitation and hygiene
A Lack of immunization



A Crowded living conditions
A Malnutrition in chidren may worsen disease outcome

6. Patterns of Occurrence

A Epidemicswere common before the introduction of vaccines in the 1950s.
A Seasonal patternin temperate regions: more commorsirmmer and falll
A In tropical regions, poliovirus transmission occuyea -round.

7. Current Situation

A Due to mass immunization campaigoases have dropped by over 99%
since 1988.
A Occasional outbreaks still occur due to:
A Vaccine-derived poliovirus (VDPV) from the oral polio vaccine (rare but
possible in undetmmunized popul&ons).
A Importation of casesinto polio-free areas.
8. Surveillance

A Ongoing global surveillance includes:
-Monitoring acute flaccid paralysis (AFP)in children under 15.

-Environmental surveillance, e.g.,testing sewage samples for poliovirus.

Pathogenesi®f Poliovirus
1. Entry and Initial Infection

A Portal of entry:
Poliovirus enters the body through tmeuth, typically viacontaminated
food or water ,fecatoral route.
A Primary replication sites:
The virus first replicates in the:
-Oropharyngeal mucosa

-Intestinal mucosaparticularly inthe®P e y e r 6 s angtansile h e s
2. Viremia (Spread into Bloodstream)

A Atfter local replication, the virus enters tlyenphatic systemand then the
bloodstream, causingorimary viremia .
A During this stage, the infection may tleared by the immune system,
resulting inasymptomatic casesibout 9095%.
3. Secondary Viremia and CNS Invasion (in few cases)

A If not cleared, the virus may causecondary viremia which allows it to
cross the bloodbrain barrier or be transported viafected immune cells
(Trojan horse mechanism).
A The virus then invades tlentral nervous system (CNS)
4. Neuronal Damage
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especially:
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In the CNS, poliovirus shows a special preferencenator neurons,

Anterior horn cells of the spinal cord
Motor nuclei of the brainstem (in bulbar poliomyelitis)
The virus replicates in these neurons, leading to:

-Cell lysis and death

-Inflammation

-Permanent destruction of motor neurons

SIGNS AND SYMPTOMS.

PATHOGENESIS
OF MUMPS VIRUS

TRANSMISSION

Via respiratory droplets,
saliva, or direct contact

Jy
ENTRY SITE
| Nasopharyngeal epithelium
i

 —— —

INCUBATION PERIOD
12-25 days (Avg. 18-18 days)
Virus replicates in respiratory
tract and lymph nodes

N2
PRIMARY REPLICATION

In upper respiratory tract
epithelial cells and regional
lymphoid tissue

=

PRIMARY VIREMIA | | [ TARGET ORGANS
Virus spreads to blood 2| Virus spreads to blaud
| and distant organs | | and distant organs
[ SECONDARY VIREMIA | | ([ IMMUNE RESPONSE

Reinvasion of'tussues 7 < Innate (interferons, NK ceiis)
leading to inflammation | | | and adaptive (Teeis, antiodies) |

RESOLUTION | |
Immune system clears (€ Orchitis (may cause mtectil:ty)
virus in most cases Oophoritis, pancreatitis,

- - encephalitis, meningitis (rare)

A Asymptomatic in most cases.
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In a small percatage, the virus invades the central nervous system and
destroys motor neurons, causing:

-Flaccid paralysis

-Muscle atrophy

-Permanent disability

Rarely, it can be fatal if respiratory muscles are affected.

Clinical manifestations is based on the part Wwhecdamaged.

A

A
A
A

Asymptomatic in about 95% of the patients, the virus stay in the gut and
lymphatic system.

Abortive poliomyelitis 48%, there is a mild fluéike illness no CNS invasion.
Non-paralytic poliomyelitis in about 2%,the virus usually causes asepti
meningitis.

Paralytic poliomyelitis is less than 1% causes flaccid paralysis usually
asymmetric and involves limb sometimes respiratory muscles.

Investigations for Poliovirus Infection

1. Laboratory Diagnosis

A

Stool samplegmost reliable):
-Virus is shedn stool for weeks.

-Multiple samples should be taken (at least 2 samplég8Hdours apart).

Throat swab:
-For early infection (first few days)

-Less sensitive than stool

Cerebrospinal fluid (CSF)i in nonparalytic or paralytic cases:
-Showslymphocytic pleocytosis

-Normal or slightly elevated protein
-Glucose usually normal
-Poliovirus not typically isolated from CSF

Blood tests
-Not useful for direct virus detection

-May show elevated white blood cell count (nonspecific)

. Virus Detection

A Viral cult ure:



-From stool or throat swabs
-Grown in cell culture (e.g., HelLa cells)

A Reverse Transcription PCR (RFPCR):
-Detects poliovirus RNA in stool or throat swabs

-Highly sensitive and specific
3. Imaging (in paralytic cases)

A MRI of the spine and brain:
A May show inflammation in th@nterior horn cells or brainstem

4. Serology

Detection ofpoliovirus-specific antibodies (IgM/IgG) may help, but not routinely used for
diagnosis

Management of Poliovirus Infection

There isno cure for polio. Management isupportive and symptomatic¢ aiming to reduce
complications and promote recovery.

1. General Supportive Care

2. Hospitalization (for severe cases)
Especially inparalytic polio or bulbar involvement

Symptom Management
A Fever and pain: Paracetamol (acetaminophen)

A Hydration and nutrition: Ensure adequate fluid and food intake
A Rest: Avoid strenuous activity during acute illness

2. Respiratory Support (in Bulbar or Paralytic Cases)
A Mechanical ventilation (e.g., ventilators or iron lung) if respiratory muscles

_ are affected
A Monitor for respiratory distress andaspiration risk

3. Physical Therapy and Rehabilitation

A Early physiotherapy to:
-Preventmuscle contractures

-Maintainjoint mobility
-Improvemuscle strengthwhere recovery is possible

A Orthopedic interventions:



-Braces, spihts, or corrective surgery for limb deformities

4. Psychological and Social Support
A Counselingand community support for patients and families
A Education and vocational trainingfor long-term disabled individuals
5. Management of PosPolio Syndrome
A Occursyears after recovery
A Involves:
-Fatigue
-Muscle pain

-New weakness in previously affected muscles

A Managed with:
-Rest

-Pain relief
-Lifestyle modifications

-Low-intensity physical therapy

Prevention Essential Component.

Vaccination
1. Inactivated PolioVaccine (IPV)1 injection
A Used in many countries for routine immunization
A Safe and does not carry risk of vacetexived poliovirus (VDPV)
2. Oral Polio Vaccine (OPV)i oral drops
-Live attenuated
-Used in mass immunization campaigns

-Cheaper and inducegsit immunity

-Rare risk ofvaccineassociated paralytic polio (VAPP)

Summary Table



Aspect Management Approach

Cure No curei supportive only
Respiratory distress Mechanical ventilation

Muscle paralysis Physiotherapy, splints, orthopedic sur¢
Pan and fever Paracetamol

Nutrition and hydratio IV fluids or oral rehydration if needed
Prevention IPV/OPV vaccination

Postpolio syndrome Rest, pain management, rehab

HEPATITIS A.

Hepatitis A is an acute, sdlimited viral infections of the liver essed by the Hepatitis A
virus.The vrus is transimitted via feeatal route, typically resylting in fluekikke symptms,
jaundice,and elevated liver enzymes,without progressing to chronic disease.Hepatitis A is a
non enveloped singlstranded RNA virus befaing to picornaviridae family.

Key Features:

A Transmission: Fecatoral route
through contaminated food, water, or close personal contact.

A Incubation period: 15i 50 days (average 280 days)

A Course:
-Acute and seHfimiting, meaning it last less than 6 weeiknd heals by itself,
wipped off by immune system.

-Does NOT cause chronic liver disease

A Severity:
-Usually mild, especially in children

-More severe in adults; rare cases can ledditainant hepatitis



Epidemiology of Hepatitis A
1. Global Distribution

A Hepatitis A isendemic worldwide but its prevalence varies based on:
-Sanitation

-Hygiene practices

-Access to clean water



High-Endemic Areas

A Africa, South Asig parts ofLatin America, andthe Middle East

A Most people arexposed irearly childhood

A Infections ofterasymptomaticbut result in lifelong immunity.
Low-Endemic Areas

A North America, Western Europe Australia, andJapan

A Infections more common iadolescents and adults

A Outbreaks often linked tcontaminated food travel, or personto-person

contact.
2. Mode of Transmission

A Fecaloral route
-Contaminated food or water

-Close personal contact (e.g., household members, daycare)
-Sexual contact (especially men who have sex with men)

-Injection drug use,due to poor hyges

3. Risk Factors
-Poor sanitation
-Lack of clean water
-International travel to endemic regions
-Homelessness
-Men who have sex with men (MSM)
-Consumption of contaminated food (e.qg., raw shellfish)

-Outbreaks in institutions schools, prisons, etc.

4. Age Distribution

A In high-endemic regions infection occurs mostly iohildren, it uually
presents with no symptoms(often asymptomatic)

A In low-endemic regionsinfection occurs imlder individuals with more
severe symptoms.

5. Incidence Trends

A Improved saitation and use oflepatitis A vaccineshave reduced incidence
_in many countries
A However,outbreaks still occur, especially among:



-Unvaccinated travelers
-People in crowded living conditions

-During natural disasters or wars (due to water and food camddiom)

Pathogenesis of Hepatitis A

1. Entry and Initial Infection

A Virus enters through theral route by ingestion of contaminated food
or water.
A Passes through thetestinal mucosaand infectsntestinal epithelial
cells
Primary Replication

N

Virus replicates in thmtestinal mucosaand then spreads to regiohahph nodes
3. Viremia
Virus enters théloodstream (viremia), spreading to thiver.
4. Liver Infection
A Hepatitis A virus infect®iepatocyteq(liver cells).
A Virus replicates inside hepatocgtbutdoes not cause direct
_ cytopathic damage
A Liver damage occurs due to timmune response T-cell mediated
cytotoxicity targeting infected hepatocytes.
5. Virus Shedding

-Virus is shed into thbile and then into théeces

-Fecal shedding starts beforgrgptoms appear and continues for weeks,
facilitating transmission.

6. Immune Response and Recovery
-Strong immune response leads to clearance of virus.

-Infection isselflimiting with no chronic carrier state.



Signs and Symptoms oHepatitis A
Incubation Period:
Usually15 to 50 days average ~28 days.

Clinical Presentation



1. Prodromal (Preicteric) Phase (Lasts about 1 week):

I I > D T D D

2. lcteric

A

A
A

Fatigue

Fever (lowgrade)

Malaise

Anorexia (loss of appetite)

Nausea and vomiting

Abdominal discomfort (espedig right upper quadrant)
Myalgia and arthralgia

Headache

Dark urine may start appearing

Phase (Lasts 13 weeks):

Jaundice (yellowing of skin and sclera)

Dark urine

Pale or claycolored stools

Itching, due to bile salt accumulation.
Hepatomegaly darged liver, tender on palpation

3. Convalescent Phase:

A
A
Severity:
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Gradual resolution of symptoms over weeks to months
Energy levels improve, appetite returns

Usually mild and seHimiting in children (often asymptomatic).

More severe imdults with overt jaundice and prolonged illness.

Rare cases dtilminant hepatitis,acute liver failure may occur, especially in
people with preexisting liver disease.

Investigations for Hepatitis A

1. Serological Tests (Gold Standard)

A Anti-HAV IgM

-Detectsacute or recent nfection.
-Appears at symptom onset and remains positive fbo6 A8onths.

-Positive anttHAV IgM confirms acute hepatitis A infection.

1 Anti-HAV IgG

-Indicatespast infection or immunity (from vaccination or prior exposure).

-Appears after IgM disappearsdapersists lifelong.

2. Liver Function Tests (LFTs)

Findings.



Elevatedalanine aminotransferase (ALT)andaspartate aminotransferase
(AST) 0 often 10 to 100 times normal.

Elevatedbilirubin (especially conjugated bilirubin) correlating with jaundice.
Elevaedalkaline phosphatase (ALP)may also be seen.

Prothrombin time (PT) may be prolonged in severe cases.

3. Viral Detection
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HAV RNA PCR (rarely used clinicallyp detects viral RNA in blood or stool;
mostly for research or outbreak investigation.

4. Other Tests

A Full blood count (FBC): Usually normal or mild leukopenia.
A Ultrasound of the liver: Usually normal or shows mild hepatomegaly; used
to exclude other causes.

Summary Table

Test Purpose Result in Acute Hepatitis A
Anti-HAV IgM Diagnose acute infection Positive
Anti-HAV IgG _Immu_nlty from past P05|t_|ve _(after recovery or
infection/vaccine vaccination)
ALT/AST Assess liver cell injury Markedly elevated
Bilirubin Assess jaundice Elevated
I;é\r\{ RNA Detect viral RNA Positive (rarely used)

Management d Hepatitis A

1. Supportive Care

No specific antiviral treatment available.

Focus orsymptomatic relief and supportive measures

Ensureadequate rest

Maintain hydration and nutrition .

Useparacetamol (acetaminophenjor fever and pain (avoid hepatotoxiuds).

> D>y > D

2. Avoid Hepatotoxic Substances
Avoid alcohol and medications that can further harm the liver.
3. Monitoring
A Regular monitoring ofiver function tests (LFTs) until recovery.
A Hospitalization if severe symptoms or signs of liver failure develop e.g.,

encephalopathy, coagulopathy.
4. Prevention



A Vaccination: Effective Hepatitis A vaccine available for prevention.
A Improve sanitation and hygiene (safe water, handwashing).
A Postexposure prophylaxis witHepatitis A vaccineor immunoglobulin
(IG) for closecontacts if within 2 weeks of exposure.
Summary Table:

Aspect Management Approach
Specific treatmer None (supportive care only)
Symptom controlRest, hydration, paracetamol

Avoid Alcohol, hepatotoxic drugs
Severe cases  Hospitalize, monitor liver funain
Prevention Vaccination, hygiene, postxposure prophylax

YELLOW FEVER VIRUS.
Definition of Yellow Fever Virus.

Yellow fever virus is a mosquito borne flavivirus that causes yellow fever,an acute viral
hemorrhagic iliness characterized by fevamjdice,bleeding,and mubrgan failure in
severe cases.lt is a single stranded,pos#iarese RNA virus belonging Flavivirus genus of
the family Flaviridae.

Key Points:

Causative agenbf yellow fever, a viral hemorrhagic disease.

Transmitted to humangrough the bite of infectefledesandHaemagogus
mosquitoes.

Endemic intropical regions of Africa and South America

Causes a wide range of symptoms, from mild fever to severe hemorrhagic
fever with jaundice (yellowing of the skin and eyes, hence the name
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Epidemiology of Yellow Fever Virus
1. Geographical Distribution
Endemic intropical regions of Africa andSouth America

Found mainly in:
-Sub-Saharan Africa (West and Central Africa)

> >

-Northern parts of South America(e.g., Brazil, Colombia, Peru)

2. Transmission Cycle
A Sylvatic (jungle) cycle:
-Transmission betweanonkeys(natural reservoir) anfibrest mosquitoes
(Haemagogus in South America, Aedes africanus in Africa).

-Humans get infected when entering jungle areas.

b=

Intermediate cycle (Savannah cycle):
-Occurs in rural areas where mosquitoes infect both monkeys and humans.

Causes small outbreaks in rural villages.
Urban cycle:
-Transmission between humans gi@des aegyptmosquitoes.

>

-Causes large outbreaks in urlsattings.

3. Mode of Transmission



A Bite of infected mosquitoegmainly Aedes aegyptn urban settings).
A No direct humario-human transmission (except through mosquito vector).
4. Risk Factors

A Living or traveling in endemic areas.

A Working or spending timenijungle or forested regions.

A Poor mosquito control and lack of vaccination.

A Urban overcrowding facilitating mosquito breeding.
5. Affected Population

A All age groups susceptible, but severe disease is more common in adults.
A Unvaccinated populationsin endenic regions or travelers.

6. Prevention and Control

A Effectivelive-attenuated vaccingyellow fever vaccine) provides long
lasting immunity.

A Mosquito control programs, eliminating breeding sites, insecticides.

A Travel restrictions and vaccination certifies.

Pathogenesis of Yellow Fever Virus

1. Transmission and Entry

A Virus enters the human body through e of an infected mosquito
(primarily Aedes aegypti
A Virus is inoculated into thekin and infectsiendritic cells.
2. Primary Replication

A The virus reptates in localymph nodesnear the site of the bite.
A Results inprimary viremia ,virus enters bloodstream.
3. Secondary Spread

A Virus spreads ttarget organs primarily theliver, spleen bone
marrow, andkidneys.
A Secondary replication occurs, increasingMioad.
4. Liver Involvement

A Infection ofhepatocyteseads tocell necrosis especially of miezone
liver cells (zone 2).
A Causesepatic dysfunction resulting in jaundice (yellowing of
skin/eyes).
A Liver damage leads to decreased production of clottingrict
contributing to hemorrhagic symptoms.
5. Immune Response and Damage

A The virus induces an inflammatory response.
A Damage to liver and other organs leadsascular leakage
coagulopathy, andmulti -organ failure in severe cases.



Signs and Symptoms of Yellw Fever

1. Incubation Period:

Usually 3 to 6 days after the mosquito bite.

2. Clinical Phases

a. Initial (Acute) Phase (34 days):

A

Sudden onset of:
-High fever

-Chills

-Headache (severe)

-Muscle pain, especially backache.
-Nausea and vomiting

-Fatigue andveakness

-May improve after 3 to 4 days,many recover fully.

b. Toxic Phase (in 15% of cases):
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A

Return of high fever

Jaundice (yellowing of skin and eyes)
Abdominal pain

Vomiting (sometimes bloody)
Bleeding manifestations:
-Hematemesis (vomiting blood)

-Melena (black, tarry stools)
-Epistaxis (nosebleeds)

Signs of liver failure and kidney failure:
-Oliguria (low urine output)

-Altered mental status

May progress to shock and muttigan failure.

3. Severity and Outcome

A
A
A

Mild cases: Recover without complications
Severe cases: High mortality {ZD%) if untreated.
Survivors develop lifelong immunity.



Investigations for Yellow Fever

1. Laboratory Tests
A Serology
-Detection ofigM antibodies against yellow fever virus (by ELISA) indicates
recent infection.

-IgG antibodiesindicate past exposure or vaccination.

A Polymerase Chain Reaction (PCR)
-Detects viral RNA in blood during early infection (first@days).

-Useful for confirming acute infection.

2. Blood Tests

A Complete Blood Count (CBC):
-Leukopenia (low white blad cells) common.

-Thrombocytopenia (low platelets) due to hemorrhagic tendency.

A Liver Function Tests (LFTs):
-ElevatedAST andALT (sometimes AST > ALT).

-Elevatedbilirubin (causing jaundice).
-Prolonged prothrombin time (PT) indicating liver dysfunction

A Renal Function Tests:
-May show elevated creatinine and urea if kidney involvement occurs.

3. Other Tests

A Coagulation Profile:To assess bleeding risk (e.g., PT, aPTT).
A Histopathology (rarely done)iiver biopsy may showCouncilman bodies
(apoptotic hepaicytes).
4. Imaging

A Ultrasound of Abdomen:May reveal hepatomegaly or signs of liver damage.
Management of Yellow Fever

1. Supportive Care

A No specific antiviral treatment available.
A Providesymptomatic treatment



-Rest and hydration.
-Fever control wittparacetamol(avoid NSAIDs to reduce bleeding risk).

-Manage nausea and vomiting.

2. Monitor and Treat Complications

A Monitor for signs of liver failure, kidney failure, and bleeding.
A Correctcoagulopathyif bleeding occurs e.g., give fresh frozen plasma,
platdet transfusion)
A Treat shock and organ failure in mtensive care settingf needed.
3. Avoid Harmful MedicationsAvoid hepatotoxic drugs and aspirin or other NSAIDs
due to bleeding risk.

4. Prevention

A Vaccination with the liveattenuated yellow fever veine is the most
effective prevention.

A Mosquito control measures: eliminate breeding sites, use insecticides, and
personal protection (nets, repellents).

A Travelers to endemic areas should be vaccinated at least 10 days before travel.

Summary Table:

Aspect Management Approach
Specific antiviral None available
Symptomatic car Rest, hydration, paracetamol
Bleeding Supportive, blood products if neec
Severe cases Intensive care, organ support

, Vaccination, mosquito control
Prevention

RABIES VIRUS.

Rabies virusis asinglestranded, negativeense RNA virudelonging to the.yssavirus

genus of thé&khabdoviridadamily. Rabies virus is a neurotropic virus that causes rabies, a
deadly viral infection of the central nervous system transmitted primarilyghre bite of
infected mammals especially dogs or jackals.

Key Points:

A ltis the causative agent of rabiesa fatal viral encephalitis (inflammation of
the brain).



A The virus is typically transmitted to humans throughttite or scratch of an
infected animal, most commonly dogs.

A Rabies affects theentral nervous system (CNS)leading to progressive
neurological symptoms and almost always death once symptoms appear.

RABIES VIRUS
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Epidemiology of Rabies Virus
1. Global Distribution

A Rabies is found worldwide exceptAmtarctica and somésland nations
(e.g., New Zealand, Japan, parts of Western Europe).
A Endemic in most parts @fsia, Africa, andLatin America.
2. Reservoirs and Hosts
A Main reservoirsdomestic doggresponsite for 99% of human cases
worldwide).
A Other reservoirs includeild animals such as bats, raccoons, skunks, foxes,
and mongooses.
3. Transmission

A Primarily throughbites or scratchesfrom infected animals.
A Virus is present in thealiva of infected animals
A Rarely, transmission can occur through organ transplants or aerosolized virus
in bat caves.
4. At-Risk Populations

A People irrural areas with close contact with dogs or wildlife.

A Veterinarians, animal handlers, and travelers to endemic regions.

A Childrenare particularly vulnerable due to higher exposure risk.
5. Incidence and Mortality

A Approximately59,000 human deaths per year worldwid¢/WHO estimate).
A High mortality rate: nearlt00% fatal once clinical symptoms appear
6. Prevention



A Mass vaccination ofdogsreduces human cases.
A Postexposure prophylaxis (PEP)fter suspected exposure.
A Awareness and education programs in endemic regions.

Pathogenesis of Rabies Virus

1. Entry and Initial Replication

A Virus enters the body through thite or scratch of an infected
animal, introducing virudaden saliva into muscle and subcutaneous
tissue.
A Initial replication occurs locally imuscle cellsnear the inoculation
site.
2. Neural Spread

A Virus binds tonicotinic acetylcholine receptorsat neuromuscular
junctions.
A Entes peripheraherve endingsand travels centripetally (towards the
central nervous system) uiatrograde axonal transport within
motor neurons.
3. Central Nervous System Involvement

A Virus reaches thspinal cord and then thérain, causing encephalitis.
A The infection causes neuronal dysfunction and inflammation but little
direct neuronal destruction.
A Virus then spreads centrifugally to other tissues including salivary
glands, cornea, skin, and other organs.
4. Shedding and TransmissioWirus accumulates igalivary glands facilitating
transmission to new hosts thr
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Signs and Symptoms of Rabies



1. Incubation Period: Usually1 to 3 months but can vary from a few days to several
years depending on bite locatiand viral load.

2. Prodromal Phase (210 days):

A Fever, headache, malaise, fatigue.
A Pain, itching, or paresthesia (tingling, burning) at the bite site
(pathognomonic).
3. Acute Neurological Phase:

A Two clinical forms:
a. Furious (encephalitic) rabies (80%of cases):

A Agitation, anxiety, confusion.
A Hyperactivity, hallucinations, delirium.
A Hydrophobia (fear of water due to painful throat spasms).
A Aerophobia (fear of drafts or air).
A Excessive salivation and difficulty swallowing.
b. Paralytic (dumb) rabies (20%of cases):

A Gradual muscle weakness and paralysis, starting at the site of the bite.
A Progresses to coma.

4. Coma and Death:
A Progression to coma occurs within days.

A Death usually results from respiratory failure within 7 to 10 days of symptom
onset.

Investigations for Rabies

1. Ante-mortem Diagnosis (while patient is alive)

A Detection of viral RNA by RT-PCR
-Samples: saliva, cerebrospinal fluid (CSF), skin biopsy (at the nape of the
neck, hair follicle tissue).
-Highly sensitive during symptomatic phase.

A Detection of rabies antigen
-Usingdirect fluorescent antibody (DFA) teston skin biopsy samples from
the nape of the neck.

-Often used in reference labs.

A Serology
-Detection ofrabies virus-specific antibodiesin serum and CSF.

-Usually appears late and magtibe detectable early.

2. Postmortem Diagnosis



Direct fluorescent antibody test (DFA)on brain tissue (gold standard).
Histopathology

Presence dNegri bodies(intracytoplasmic eosinophilic inclusion bodies) in
neurons, especially in the hippocampus eetbellum.

3. Other supportive tests
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A CSF analysis:
-May show lymphocytic pleocytosis, elevated protein.

-Nonspecific but helps rule out other causes.

Note

A Rabies diagnosis can be challenging before symptoms appear; clinical
_ suspicion and history of animekposure are critical.
A Rapid diagnosis is essential for timely management

Management of Rabies

1. Prevention is Key

Rabies isalmost always fatal once symptoms appeasoprevention and postexposure
prophylaxis (PEP) are critical.

2. PostExposure Proplylaxis (PEP)
a. Wound Care

A Immediately wash the wound thoroughly with soap and water for at least 15
minutes.
A Apply antiseptics like povidordine if available.
b. Rabies Vaccination

A Administer the rabies vaccine according to the WHO recommended schedule
(usually 45 doses on days 0, 3, 7, 14, and sometimes 28).
A Modern celiculture vaccines are safe and effective.
c. Rabies Immunoglobulin (RIG)

A For category Il exposures (deep bites, scratches, mucous membrane contact),
infiltrate human or equine rabies mmunoglobulin into and around the
wound at the time of first vaccine dose.

A Provides immediate passive immunity.

3. Management of Symptomatic Rabies

A No effective antiviral treatment available.
A Care is mainlysupportive and palliative:



-Intensive care foriesvay management and respiratory support.
-Control of seizures, agitation, and pain.
-Hydration and nutrition support.

A Experimental treatments like tivilwaukee protocol have had limited
success and are not widely adopted.

4. Pre-Exposure Prophylaxis (PrEP)

A Recommended for higtisk groups: veterinarians, laboratory workers,
travelers to endemic areas.
A Consists of 3 doses of rabies vaccine before exposure.
Summary Table:

Stage Management
Before exposure  Preexposure vaccination (PrE
After exposure (PEFWound care + vaccine + RIG

Supportive care (no cure)
Symptomatic rabies

ARBOVIRUS.

An arbovirus is just a short foarthropod-borne virus.lt is a type of virus that is
transmitted to humans and other animals through the bite of infattedpods, such as
mosquitoes, ticks, and sandflies. These viruses belong to several families, including
Flaviviridae, Togaviridae, Bunyaviridae, and others.

Key Characteristics of Arboviruses:

Transmission: Mainly by bloodfeeding arthropods.Like Mosquito can be
Aedes, Culex.It can also be via Ticks such as Ixodes.

Hosts: Can infect humans, animals, and birds.

DiseasesArboviruses cause a variety of diseases, often involving fever, rash,
encephalitis (brain inflammation), or hemorrhagic fever.

Examples:Dengue virusZika virus, West Nile virus, Chikungunya virus,
Yellow fever virus.

Genomeln most cases it RNA virus, single stranded from different vial
families.
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Common Families of Arboviruses:

Virus Family Example Viruses Notes
Flaviviridae Dengue, Zika, Yellowrever, West Nil Mosquitaborne
Togaviridae Chikungunya virus Mosquitcborne



Virus Family Example Viruses Notes
Bunyaviridae Rift Valley Fever, La Crosse Mosquito or tickborne
Reoviridae Colorado Tick Fever Tick-borne

Diseases Caused by Arboviruses:

Dengue Fever High fever, rash,gint pain, potential hemorrhagic complications.
Zika Virus : Mild symptoms, but can cause microcephaly in newborns.

Yellow Fever. Acute viral hemorrhagic disease, potentially fatal.

West Nile Virus: Can cause neuroinvasive disease (encephalitis/meningitis).
Chikungunya: Severe joint pain, fever, and rash.

Epidemiology of Arboviruses
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1. Global Distribution

Arboviruses are widespread across the globe, particulangpital and subtropical
regions, wherevector populations(e.g., mosquitoes and ticks) thrigtae to favorable
climatic and environmental conditions.

A Endemic areas South America, suSaharan Africa, Southeast Asia
A Epidemic outbreaks Occur when there is an increase in vector populations,
introduction of a new virus strain, or lack of populationmunity

2. Vectors and Reservoirs

A Vectors: Primarily mosquitoes(AedesCulex Anophelesandticks (Ixodes
Dermacentoy

A Reservoir hosts Birds, monkeys, rodents, and other wild animals often serve
asnatural reservoirs, maintaining the virus in the ecatgm.

3. Transmission Cycle
There are three main transmission cycles:

A Sylvatic (Jungle) Cycle Virus circulates between wild animals and
arthropods in forests e.g., yellow fever in monkeys and forest mosquitoes.

A Urban Cycle: Humanto-human transmission aidomestic vectors (e.g.,
Aedes aegyptn dengue and Zika)

A Rural (Epizootic) Cycle: Occurs in agricultural areas where humans and

animals interact (e.g., Rift Valley fever)
4. Seasonal and Environmental Factors

A Rainy seasonsncrease breeding sites for stuitoes (e.g., stagnant water)

A Temperature and humidity affect vector survival and virus replication
within the vector

A Urbanization and deforestationenhance human exposure to vectors.

5. Human Factors



A

A
A

Travel and migration contribute to the introductiomd spread of arboviruses
to new regions (e.g., Zika virus in the Americas)

Lack of immunity in naive populations can lead to large epidemics

Poor vector controland inadequate public health infrastructure worsen
outbreak severity

6. Notable Arboviral Outbr eaks

Virus
Dengue

Zika
Yellow Fever

Region Notable Outbreak
G|Ob6.‘| (Asia, Latin Endemic in over 100 countries
America)
Americas, 20162016 Linked to microcephaly in Brazil

Africa, South America Angola outbreak, 2016

Chikungunya Indian Ocean islands, 28 Rapid global spread

West Nile
Virus

Seasonal outbreaks with neuroinvasive

USA, since 1999 :
disease

7. Surveillance and Control
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Integrated vector surveillanceand control programs

Vaccination programs(e.g., yellow fever, dengue)

Public health educaton to reduce humamector contact

Global monitoring through WHO, CDC, and local health systems
PCR and RT-PCR: Detect viral DNA or RNA.

In situ hybridization : Localize viral nucleic acids in tissue samples.
Immunohistochemistry: Detect viral proteins in taor tissues.

Prevention and Control

A

Diagnosis:
A
A
A

Vaccines
-HPV vaccine (e.g., Gardasil) prevents cervical and other-riated
cancers.

-HBV vaccine prevents hepatitis B and related liver cancer.

Safe practices Blood screening, condom use, and avoidance of needle
sharing.

Antiviral therapy : Helps reduce cancer risk in chronic viral infections (e.g.,
HCV treatment).

Serological testsELISA, IgM capture assays
PCR: Detects viral RNA
Virus isolation: In cell cultures or animal models

Prevention and Control;

A Vector control: Insecticides, elimination of breeding sites



A Personal protection Mosquito nets, repellents
A Vaccines Available for some (e.g., yellow fever, dengue)

Oncogenic Viruses
Also known as tumor viruses or can@ausing viruses

Oncogenic viruseare viruses that can causencelby integrating their genetic material into
host cells and altering normal cellular processes suchllasycle regulationapoptosisand
DNA repair. These changes may leadutacontrolled cell proliferatioandtumor famation

Examples of Oncogenic Viruses in Humans:

Virus Associated Cancer(s) Virus Family
Human Papillomavirus (HPV) Cervical cancer, anal cancer,
(types 16, 18) oropharyngeal cancer
Burkitt lymphoma, Hodgkin
lymphoma, nasopharyngeal carcinol
Hepatocellular carcinoma (liver
cancer)

Hepatocellular carcinoma (liver
cancer)

Papillomaviridas

Epstein-Barr Virus (EBV) Herpesviridae

Hepatitis B Virus (HBV) Hepadnaviridae

Hepatitis C Virus (HCV) Flaviviridae

Human T-cell Leukemia Virus
type 1 (HTLV-1)

Kaposi 6s-asSariatedo 1IKaposi's sarcoma, primary effusion
Herpesvirus (KSHV/HHYV -8) lymphoma

Merkel Cell Polyomavirus
(MCV)

Adult T-cell leukemia/lymphoma Retroviridae
Herpesviridae

Merkel cell carcinoma Polyomaviridae

Mechanisms of Oncogenesis
Oncogenioviruses can contribute to cancer development by:

1. Insertional mutagenesis Insertion of viral DNA disrupts tumor suppressor genes or
activates oncogenes.

2. Expression of viral oncogene$ Some viruses carry genes (elg, E7in HPV) that
inactivate host tonor suppressor proteins (e.g., p53, Rb).

3. Chronic inflammation and immune suppressioni Leading to genomic instability
and cellular transformation.

4. Immortalization of cells i Promotion of telomerase activity and inhibition of cell
senescence.

5. These virusesontribute taabout 10-15% of human cancers globally Vaccines
(like the HPV and HBV vaccines) can help prevent some of these infections and
reduce cancer risk.

Epidemiology



A

A

Geographic variation: For example, EBMassociated Burkitt lymphoma is

more commornn equatorial Africa.

Transmissiont Through sexual contact (HPV), blood (HCV), saliva (EBV), or
vertical transmission.

Latency: Many oncogenic viruses establish lifelong latency and can reactivate
under immunosuppression.

Diagnosis and Detection

A
A
A
A

Serologial tests Detect antibodies (e.g., HBV, HCV).

PCR and RT-PCR: Detect viral DNA or RNA.

In situ hybridization : Localize viral nucleic acids in tissue samples.
Immunohistochemistry: Detect viral proteins in tumor tissues.

Prevention and Control

A

A

A

Vaccines

-HPV vaccine (e.g., Gardasil) prevents cervical and othertated
cancers.

-HBV vaccine prevents hepatitis B and related liver cancer.

Safe practices Blood screening, condom use, and avoidance of needle
sharing.

Antiviral therapy : Helps reduce cancer kign chronic viral infections (e.g.,

HCV treatment).

Viral Diagnostics and Antivirals

Viral Diagnostics

Early and accurate diagnosis of viral infections is critical for patient management, outbreak
control, and epidemiological surveillance. Diagnostic rmeshfall into three broad

categories:

1. Direct Detection of Virus

A

Electron Microscopy (EM):
-Useful for identifying virus families based on morphology (e.g., poxvirus,
herpesvirus).

-Limitation: Requires high viral load and is costly.

Antigen Detection (Rapid Tests, Immunoassays):
-ImmunofluorescenceandEnzyme-Linked Immunosorbent Assay

(ELISA) can detect viral proteins in clinical specimens.

-Used in respiratory viruses (e.g., influenza, RSV) and rotavirus detection.
Nucleic Acid Amplification Tests (NAATS):

-Polymerase Chain Reaction (PCR), RIPCR, gPCRi Highly sensitive
and specific.



-Used for HIV, hepatitis viruses, herpesviruses, SARY-2, and many
more.

-Multiplex PCR panels allow detection of multiple pathogens
simultaneously.

2. Indirect Detection (Serology)

A Detectshost antibodiesagainst the virus:
-IgM: Indicates recent infection.

-IgG: Indicates past exposure or immunity.

A Common in:
-Hepatitis B and C

-EBV, CMV
-HIV (screening and confirmation)
-Arboviruses (e.g., Dengue, Zika)

A Limitations: May not detect early infections; cressactivity can occur.
3. Virus Isolation / Culture

A Traditional method usingell lines(e.g., HeLa, Vero).

A Allows observation otytopathic effects (CPE)

A Time-consuming and requires biosafety facilities.
Antiviral Age nts

Antiviral therapy aims t@uppress viral replicationwithout harming host cells. Unlike
antibiotics, antivirals areirus-specificand often target unique viral enzymes or processes.

1. Antivirals by Virus Type

Virus Antiviral Mechanism
Herpesviruses (HSV, Acyclovir, Ganciclovir, D
VZV, CMV) Valacyclovir Inhibits viral DNA polymerase
- - Neuraminidase inhibitors

Influenza Oseltamivir, Zanamivir .
prevent virus release

HIV Zidovudine, Efavirenz, Reverse transcriptase, protease

Ritonavir (HAART) integrasenhibitors

HBV Tenofovir, Entecavir Nucleotide ana!ogs inhibit
reverse transcription

HCV Sofosbuvir, Ledipasvir NS5A/NS5B polymerase

inhibitors



Virus Antiviral Mechanism
SARS-CoV-2 Remdesivir, Paxlovid RdRp and protease inhibition
RSV Ribavirin RNA polymerase inhibitor

2. Mechanisms of Antiviral Action

A Inhibition of viral attachment and entry :
e.g., Maraviroc (HIV), Enfuvirtide.

Inhibition of nucleic acid synthesis

e.g., Acyclovir (HSV), Zidovudine (HIV).
Inhibition of protease activity:

e.g., Ritonavir, Paxlovid.

Inhibit ion of neuraminidase

e.g., Oseltamivir (Influenza).

Immune modulators:

e.g., Interferons for HBV and some cancers.

Challenges and Considerations
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A Drug resistance Due to mutations in viral targets, especially in HIV and
Influenza.

A Toxicity: Some antiviralsffect host cell processes.

A Cost and availability: Especially in developing countries.

A Latency and reservoirs Viruses like HIV and HSV persist despite treatment.

Future Directions

A Broadspectrum antivirals

A CRISPRbased antivirals

A Nanotechnology for delary systems

A Personalized antiviral therapy based on genomics

DNA Oncogenic Viruses
1. Human Papillomavirus (HPV)

A Associated CancersCervical cancer, anal cancer, oropharyngeal
cancer, penile cancer, vulvar and vaginal cancers
A High-risk types: HPV-16, HP\A18, etc.
2. Epstein-Barr Virus (EBV) (a herpesvirus)

A Associated CancersBurkitt lymphoma, Hodgkin lymphoma,
nasopharyngeal carcinoma, gastric carcinoma
3. Hepatitis B Virus (HBV)

A Associated CancerHepatocellular carcinoma (liver cancer)
4. Kaposi 0s-AsSaintd blemesvirus (KSHV/HHV-8)



A Associated Cancers Kaposi 6s sar coma, pri mar )
multicentric Castleman disease
5. Merkel Cell Polyomavirus (MCPyV)

A Associated CancerMerkel cell carcinoma (a rare and aggressive skin
cancer)

RNA Oncogenic Viruses
1. Hepatitis C Virus (HCV)

A Associated CancerHepatocellular carcinoma
2. Human T-cell Lymphotropic Virus Type 1 (HTLV -1)

A Associated CancerAdult T-cell leukemia/lymphoma (ATLL)
Summary Table

Virus Type Associated Cancer(s)
HPV DNA Cervical, anal, oropharyngeatc.
EBV DNA Burkitt lymphoma, nasopharyngeal carcinc
HBV DNA Hepatocellular carcinoma
KSHV (HHV-8)DNAKaposi 6 s sarcoma, |
MCPyV DNA Merkel cell carcinoma
HCV RNA Hepatocellular carcinoma
HTLV-1 RNA Adult T-cell leukemia/lymphoma

DNA Oncogenic Viruses
1. Human Papillomavirus (HPV)

A Mechanismt Oncogenic types (e.g., HPY6, HP\£18) produceE6
and E7 proteins
-E6 inactivateg53 (a tumor suppressor).

-E7 inactivatesRb (retinoblastoma protein).

A This disrupts cell cycle regulation, leadito uncontrolled cell
proliferation.
2. EpsteinBarr Virus (EBV)

Mechanisn

A Infects B lymphocytes and induces proliferation lai@nt membrane
proteins (LMP-1, LMP-2).

A LMP-Imi mi cs CD40 si gnalBi nYg p¥ oamottiewa tce
survival.

A EBNA-1 maintains the viral genome and contributes to transformation.



A Promotes chromosomal translocations (e-4YC in Burkitt
lymphoma).
3. Hepatitis B Virus (HBV)

Mechanism
A Chronic inflammation andregenerationlead to genomic instability.
A HBXx protein interferes withp53 and promotes cell survival.
A Integration of HBV DNA into the host genome may activate
oncogenes.
4 . Kap o s i -&ssocidtedrHerpesvaus (KSHV/HH\A8)

Mechanisnm

-Produces viral proteins that mimic human cytokines and amiptotic
molecules (e.gviL -6, vBcl-2).

-Promotesangiogenesiscell proliferation, andimmune evasion
5. Merkel Cell Polyomavirus (MCPyV)
Mechanism

-Integrates into host DNA and exprestescated large T antigen

-This protein inactivateRb, promoting cell cycle progressidRINA
Oncogenic Viruses

6. Hepatitis C Virus (HCV)
T Mechanism
-Unlike HBV, it does not integrate into the host genome.

-Promoteschronic inflammation, oxidative stress, andlv er r egener at i
genomic instability.

-Core protein and other nosstructural proteins interfere witkipoptosisand
immune responses

7. Human T-cell Lymphotropic Virus Type 1 (HTLV -1)
Mechanism
-Producedax proteinY act i veaB essndNFot her pat hways

-PromotesT -cell proliferation, genomic instability, andsuppresses DNA
repair.



Summary of Oncogenic Mechanisms +

Mechanism of Oncogenic Virus

Oncogenic
virus
I“
Aterations
in cellular
genes Tumor
Virus Key Oncogenic Mechanism

HPV  Inactivation of p53 and Rb by E6/E7

EBV  LMP-1 mimics growth signajchromosomal translocatio
HBV  HBx disrupts p53, DNA integration

KSHV Viral cytokines and ani@poptotic proteins

MCPyV Truncated T antigen inactivates Rb

HCV  Chronic inflammation, core protein effects



Virus Key Oncogenic Mechanism
HTLV-1 Tax protein activates oncogenic signglin

ANTIVIRAL DRUGS.

1. Nucleoside/Nucleotide Reverse Transcriptase Inhibitors
(NRTIS)

Examples

Zidovudine (AZT)
Lamivudine (3TC)
Emtricitabine (FTC)
Abacavir (ABC)
Tenofovir (TDF or TAF)
Didanosine (ddl)
Stavudine (d4T)
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Mechanism

A Act asfalse substratedor viral reverse transcriptase.
A Get incorporated into viral DNA and caudgain termination, halting DNA
synthesis.

2. Non-Nucleoside Reverse Transcriptase Inhibitors
(NNRTISs)

Examples

Nevirapine (NVP)
Efavirenz (EFV)
Etravirine (ETR)
Rilpivirine (RPV)
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Mechanism

A Bind to anon-active site (allosteric site)on reverse transcriptase.
A Induce a conformational change tivdtibits enzyme activity.

3. Protease Inhibitors (PIs)

Examples

Lopinavir
Ritonavir
Atazanavir
Darunavir
Indinavir

I > >



A Saquinavir
A Fosamprenavw
Mechanism

-Inhibit HIV protease, an enzyme required theave viral polyproteinsinto
functional proteins.

-Prevent matur at i o ninfecfiouswirionsa | particles Y

4. Integrase Strand Transfer Inhibitors (INSTISs)

Examples

Raltegravir
Elvitegravir
Dolutegravir
Bictegravir
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Mechanism

Inhibit HIV integrase, blocking the integration of viral DNA into thest genome.

5. Entry Inhibitors

a) CCR5 Antagonists

Example: Maraviroc
Mechanism

1 Blocks theCCRS5 coreceptoron host cells, preventing HIV from binding and
entering.

b) Fusion Inhibitors

Example: Enfuvirtide
Mechanism

1 Binds togp41on the HIV envelope ahpreventgusion with the host cell membrane.

6. PostAttachment Inhibitors (Monoclonal Antibodies)

Example: Ibalizumab
Mechanism

1 Binds toCD4 receptors causing conformational changes that prevent viral entry
after attachment.

Summary Table



Drug Class Example Drugs Mechanism
Chain termination during reverse

NRTIs AZT, 3TC, TDF -
transcription

NNRTIS EFV. NVP AIIosterlc inhibition of reverse
transcriptase

Pls Lopinavir, Darunavir I nh ’ bit protease
maturation

INSTIs Dolutegrng, Block integration of viral DNA

Raltegraw
CCRS5 Antagonists Maraviroc Block HIV binding to CCR5 corecepto
. . - Prevent fusion of virus with host

Fusion Inhibitors Enfuvirtide membrane

PogtAttachment Ibalizumab Block entry posiCD4 attachment

Inhibitors

MYCOLOGY.

Introduction to Medical Mycology

Definition and Scope

Medical Mycology is the branch of microbiology that deals with the study of fungi that

causes diseases in humans.These fung may affect superficial layers, skins, hair and nails.Also
they affect mucosalurfacesor deeper tissues and internal organs resulting in a wide range of
diseases collectively known as mycoses.

Importance of Medical Mycology

A Emerging Health Concern Fungal infections are increasingly recognized as
significant causes of morbidity dmortality, especially in
immunocompromised individuals(e.g., HIV/AIDS, transplant patients,
cancer patients).

A Limited Treatment Options: Fungal diseases are often challenging to treat
due tolimited antifungal drugs, toxicity, andresistance

A Global Relevance Fungal infections affect both developed and developing
countries, with a rising incidence due to increased usatdjiotics,
immunosuppressive therapy andinvasive procedures

A Medical mycology is an essential field for understanding and managiggl
diseases in humans. With the rise of immunosuppression and global travel,
fungal infections are becoming increasingly significant. Proper knowledge of
fungal biology, pathogenesis, and treatment strategies is vital for medical
professionals.



General Characteristics of Fungi
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Eukaryotic organisms. Possess a true nucleus and organelles.

Cell wall: Composed o€hitin, glucan, andmannan unlike bacteria, which

have peptidoglycan.

Nutritio n: Heterotrophic (absorb nutrients), many saprophytes live and

feed on dead organic matter.

Reproduction: Can reproducsexually, asexually, or both.

Growth: Typically grow asyeasts molds, ordimorphic fungi. A yeast is a
unicellular fungus thatgrduces primarily by budding or fission and is A mold
is a multicellular fungus that grows in the form of flamentous hyphae, forming a
network called mycelium, and commonly thrives on organic matter in moist
environments.commonly found in soil, plamig,the human body.

A dimorphic fungus is a type of fungus that can exist in two distindi forms
yeast and mafddepending on environmental conditions such as temperature.

Classification of Medically Important Fungi

Medically relevant fungi are broadly cléssd based on their morphology and reproduction:

A
A
A

Yeasts(e.g.,Candida albicans Unicellular, reproduce by budding.

Molds (e.g.,Aspergillus Mucor): Multicellular, filamentous, form hyphae.
Dimorphic Fungi (e.g.,Histoplasma capsulatumExist as yeast® the host
and molds in the environment.

Yeast Dimorphic

fungus

Types of Mycoses

Type of
Mycosis

Superficial

Cutaneaus

Description Example

Malassezia furfu(pityriasis
versicolor)

Dermatophytes (e.qg.,
Trichophyton)

Affect outermost skin and hair layers

Involve skin, hair, and nails



Type of

Mycosis Description Example
Involve deeper skin layers, muscle, Sporothrix schenckii
Subcutaneous C . .
connective tissue (sporotrichosis)
?df;gmc Affect internal organs, often via inhalatirHistoplasmaBlastonyces

Opportunistic  Affect immunocompromised individuals Candida Aspergillus Mucor

Laboratory Diagnosis of Fungal Infections.
The followings are the current techniques on use.

A Direct microscopy. KOH preparation, Gram stain, India ink, Calcofluor
white.

A Culture: Sabouraud Dextrose Agar (SDA), with/without antibiotics.

A Histopathology: Special stains like PAS and GMS.

A Serology Detection of fungal antigens/antibodies.

A Molecular methods PCRbased identification, MALDITOF.

Antifungal Therapy

A Polyenes Amphotericin Bi broad spectrum but nephrotoxic, meaning the
damage the functionsl unit of a kidney called nephrone.

A Azoles Fluconazole, Iltraconazoieinhibit ergosterol synthesigrgosterol is a

sterol component of fungal cell membranes, essentialritainiag their

structure and function, and is a key target for many antifungal drugsesiesol

made up of a lipid molecuole.

Echinocandins Caspofungiri inhibit fungal cell wall synthesis.

Allylamines: Terbinafinei used in dermatophytosi®ermatophyasis is a

superficial fungal infection of the skin, hair, or nails caused by dermatophyte
fungi, characterized by itching, scaling, andhagaed lesions.

A Others: Griseofulvini oral treatment for skin/hair infections.

Prevention and Control

>

A Hygiene Maintaining good personal hygiene reduces superficial fungal
infections.

A Protective Measures Avoiding contaminated soil or bird droppings in
endemic areas.

A Immunocompromised Care Prophylactic antifungals and reducing
exposure.

A Infection Control in Hospitals: Use of HEPA filters, isolation rooms for
high-risk patients.

Recent Advances and Challenges

A Antifungal Resistance Emerging resistance amo@@ndidaandAspergillus
species.

A New Diagnostics Use of rapid molecular diagnostics and antigen detection.

A Vaccine ResearchOngoing development of vaccines for higbk groups.



Superficial and Cutaneous Fungal Infections.

Overview

Superficial and cutaneous mycoseare fungal infections that are confined to ther
layers of skin hair, andnails. They do not usally invade living tissues but can cause
considerable discomfort, disfigurement, and social stigma.

1 Superficial mycosesLimited to thestratum corneum, hair shaft, or outermost skin.
1 Cutaneous mycosesAffect keratinized tissuesincluding the skin, haind nalils.

Superficial Mycoses

A. Pityriasis Versicolor
Pityriasis versicolor is a common superficial fungal infection caused by Malassezia species,
leading to hypaor hyperpigmented, scaly patches on the skin.

A Causative Agent Malassezia furfulipophilic yeast).
A Clinical Features.
-Hypo- or hyperpigmented macules, especially on the trunk and shoulders.

-Mild scaling, nonitchy.




Ve

A Diagnosis
-KOH prep: ASpaghetti and meatball so aj

-‘Woodoés | ampgreenYiwwiledceaneei s h

1 Treatment:
-Topical antifungals (selenium sulfide, ketoconazole).
-Oral azoles in extensive cases.

B. Tinea Nigra

Tinea nigra is a superficial fungal infection causéartayga wernecdkiaracterized by dark
brown to black painless macules typicalth® palms or soles.

A Causative Agent Hortaea werneckii

A Clinical Features
Brown to black macules on palms or soles.

A Diagnosis
-KOH prep: Branched, septate hyphae.




T Treatment:

-Topical keratolytics or antifungals.

C. Black and White Piedra

Black and white piedra are superficial fungal infections of the hair shaft, with black piedra caused
by Piedraia horfaeming hard black nodules, and white piedra cau3eithyspospecies
forming soft white or lightolored nodules.

A Causdive Agents
-Black piedraPiedraia hortae

-White piedraiTrichosporon spp.
Clinical FeaturesHard nodules on hair shaft (black or white).

Diagnosis Microscopic examination of hair shaft.
Treatment: Hair shaving and topical antifungals.

A
A
A

i (ggqim- vm] MAVICGINNIS) .



stainslike Gomori methenamine silver (GMS) can highlight these fungal elements. A
detailed histopathological analysis is available on DerniNedlth
Jade 7nethealthbook.com/Doctor Fungus?

Additional Resources
For more images and detailed case studies, consider exploring the following:

1 DermNet: Provides comprehensive information and images related to
phaeohyphomgosis pathologyDermNet®

1 Doctor Fungus Offers insights into various fungal infections, including
phaeohyphomycosidVikipediat12Znethealthbook.coml2MDPI+12

T MDPI Review Atrticle: A thorough review discussing clinical cases and treatment
approaches for @eohyphomycosig/isualDx


https://nethealthbook.com/infectious-disease/fungal-infection/fungal-infections/phaeohyphomycosis/?utm_source=chatgpt.com
https://nethealthbook.com/infectious-disease/fungal-infection/fungal-infections/phaeohyphomycosis/?utm_source=chatgpt.com
https://dermnetnz.org/topics/phaeohyphomycosis-pathology?utm_source=chatgpt.com
https://nethealthbook.com/infectious-disease/fungal-infection/fungal-infections/phaeohyphomycosis/?utm_source=chatgpt.com
https://www.visualdx.com/visualdx/diagnosis/cutaneous%2Bpheohyphomycosis?diagnosisId=56050&moduleId=101&utm_source=chatgpt.com




Chromoblastomycosis is a chronic fungal infection of the skinsabdutaneous tissue,
predominantly occurring in tropical and subtropical regions. It is caused by pigmented fungi,
notablyFonsecaea pedrosandCladophialophora carrioniiwhich enter the skin through
traumatic implantatiomermNet® 7CDC+7ASM Journals 7MedscapelUpToDater1

Clinical Presentation


https://www.cdc.gov/chromoblastomycosis/hcp/clinical-overview/index.html?utm_source=chatgpt.com
https://www.cdc.gov/chromoblastomycosis/hcp/clinical-overview/index.html?utm_source=chatgpt.com

The disease typically begins as small, erythematous papules at the site of inoculation. Over
time, these lesions evolve into larger, verrucous plagues or nodules with a warty surface.
Advanced cases may exhibit ulceration, crusting, andchslacy bacterial infections. Lesions

are most commonly found on the lower limbs but can occur elsewhere on th&€bdgly.

Histopathology
Histological examination reveals characteristic features, including:

1 Pseudoepitheliomatous hyperplasiaThickening of the epidermis resembling
squamous cell carcinon&pringerLink-1DermNet®1

1 Granulomatous inflammation: Presence of granulomas with multinucleated giant
cells.

T Muriform cells (Medlar bodies): Thick-walled, brown, round fungal cells with
transverse and longitudinal septations, consideatitognomonic for
chromoblastomycosi$iMP Global Learning Network

Visual Resouraes

For detailed images illustrating the clinical and histopathological aspects of
chromoblastomycosis, you may refer to the following resources:

T CDC Clinical Overview: Provides clinical images and information on
chromoblastomycosis.

1 DermNet NZ: Offers a ollection of images depicting various presentations of
chromoblastomycosis.

T Wikimedia Commons. Contains histopathological images of chromoblastomycosis


https://www.cdc.gov/chromoblastomycosis/hcp/clinical-overview/index.html?utm_source=chatgpt.com
https://link.springer.com/article/10.1007/BF00443822?utm_source=chatgpt.com
https://www.hmpgloballearningnetwork.com/site/thederm/site/cathlab/event/treating-rare-fungal-infections-chromoblastomycosis?utm_source=chatgpt.com







Here are several images illustrating the clinical and histopattealdgiatures of
sporotrichais:

Clinical Presentations

1. Cutaneous Lesions
Sporotrichosis often begins as a small, painless bump resembling an insect bite. Over

time, this can develop into nodules or ulcers along lymphatic channels, commonly on
the arms or hands.



2. Lymphocutaneous $read
The infection may spread along lymphatic vessels, leading to a chain of nodular
lesions. This pattern is characteristic of lymphocutaneous sporotrichosis.

3. Fixed Cutaneous Form
In some cases, the infection remains localized, presenting as a ssnghew&hout
lymphatic involvement.

Histopathological Features

1. Granulomatous Inflammation
Histological examination reveals granulomatous inflammation with mixed cellular
infiltrates, including multinucleated giant cells and neutrophils.

2. Asteroid Bodies
Characteristic asteroid bodies nitag observed, consisting of yeast cells surrounded
by eosinophilic, stalike structures. These are considered a hallmark of
sporotrichosis.

3. Cigar-Shaped Yeast Cells
The causative funguS§porothrix schenckiappears as cigahaped yeast cells in
tissuesections, typically measuring @ micrometers.

For more detailed images and information, you can explore the following resources:

1 DermNet NZ: Provides comprehensive information on the pathology of
sporotrichosis.

1 CDC Clinical Overview: Offers a clinicabverview of sporotrichosis, including
images and treatment optioi@DC

1 CFSPH Image Gallery. Features a collection of annotated imagésted to
sporotrichosis.


https://www.cdc.gov/sporotrichosis/hcp/clinical-overview/index.html?utm_source=chatgpt.com

Mycetoma is a chronic, progressively destructive infection of the skin and subcutaneous
tissues, often affecting the feet. It is characterized by a triad of symptoms: tumefaction
(swelling), draining sinuses, and the preseaf grains in the discharge. The disease can be
caused by either fungi (eumycetoma) or bacteria (actinomycetttitapbe
Onlinet4Radiopaediadwebpathology.comdwebpathology.comdScienceDirect4Microbe
Onlinet4Wikimedia Commons9DermNet®-9arXiv+9

Clinical Features

1 Tumefaction: A localized, painless swelling that gradually increases in size.

¢ Draining Sinuses Multiple sinus tracts may develop, discharging seropurulent
material containing grasDermNet®1DermNet®1

T Grains: These are aggregates of the causative organisms and can vary in color
depending on the pathogbfedscape


https://radiopaedia.org/articles/mycetoma-soft-tissue?lang=us&utm_source=chatgpt.com
https://radiopaedia.org/articles/mycetoma-soft-tissue?lang=us&utm_source=chatgpt.com
https://www.sciencedirect.com/science/article/pii/S0365059620303548?utm_source=chatgpt.com
https://www.sciencedirect.com/science/article/pii/S0365059620303548?utm_source=chatgpt.com
https://dermnetnz.org/topics/mycetoma?utm_source=chatgpt.com
https://dermnetnz.org/topics/mycetoma?utm_source=chatgpt.com
https://emedicine.medscape.com/article/211459-clinical?utm_source=chatgpt.com

The disease predominantly affects individuals in tropical and subtropical regions, particularly
those engaged in agricultural activities. Delayed diagnosis and treatment candeaeré
deformities and disabilitipermNet®2arXiv+2CDC+2

Histopathological Features

Microscopic examination reveals granulomatous inflammation with characteristic Jilaens.
grains' morphology and staining properties help differentiate between eumycetoma and
actinomycetoma. Special stains like Hematoxylin and Eosin (H&E) and PeriodiSahitf
(PAS) are commonly useBermNet®7Zenoda-7anaisdedermatologia.org#it

For a comprehensive collection of mycetoma images, including clinical and histopathological
photographs, you can visit the following resources:

1 CDC's Clinical Overview of Mycetoma
1 DermNet NZ- Mycetoma

1 Wikimedia Commons Mycetomas Category



https://arxiv.org/abs/2410.12833?utm_source=chatgpt.com
https://zenodo.org/records/13655082?utm_source=chatgpt.com
https://www.cdc.gov/mycetoma/hcp/clinical-overview/index.html
https://dermnetnz.org/topics/mycetoma
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Pityriasis versicolor, alsorlown as tinea versicolor, is a common superficial fungal infection
caused by the yeabtalassezialt manifests as patches of skin discoloration, which can

appear lighter or darker than the surrounding skin, often accompanied by fine scaling. These
patchegypically occur on the trunk, neck, and upper
armsLybratet11Skinsight-11Healtht+11Cleveland Clinic

Visual Examples
Here are some images illustrating the appearance of pityriasis versicolor:

T Hypopigmented patches on the backThese lighter areas contrast with the
surrounding skin anthay be more noticeable after sun exposure.

1 Hyperpigmented lesions on the chesDarker patches that may coalesce over time.

1 Fine scaling on affected areaslhe surface of the lesions often shows subtle scaling,
which can be more apparent when the skstiaped gently.

For a comprehensive gallery of images depicting various presentations of pityriasis
versicolor, you can visit the following resources:

1 DermNet NZi' Pityriasis Versicolor Images
T Skinsighti Tinea Versicolor
1 MedicineNeti Pityriasis VersicoloPicture

Clinical Overview

1 Cause Overgrowth ofMalasseziayeast, which is part of the normal skin
flora.MedicineNet-6Health+6Cleveland Clinie-6

1 Symptoms Discolored patches (lighter or darker), mild itching, and fine scaling.

1 Risk Factors Hot and humid climates, excessive sweating, oily skin, and weakened
immune systemBermNet®7Health+7Health+7

1 Treatment: Topical antifungal agents (e.g., ketoconazole, selenium sulfide), and in
recurrent or extensive cases, oral antifungals may be presQiiesland
Clinic+4Skinsight-4DermNet®4

T Prognosis The condition is benign and treatable, but recurrences are common,
especially in warm and humid environments.



https://skinsight.com/skin-conditions/tinea-versicolor/?utm_source=chatgpt.com
https://skinsight.com/skin-conditions/tinea-versicolor/?utm_source=chatgpt.com
https://www.health.com/tinea-versicolor-8363463?utm_source=chatgpt.com
https://www.health.com/tinea-versicolor-8363463?utm_source=chatgpt.com
https://skinsight.com/skin-conditions/tinea-versicolor/?utm_source=chatgpt.com
https://skinsight.com/skin-conditions/tinea-versicolor/?utm_source=chatgpt.com
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Tinea nigra is a rare superficial fungal infea caused by the pigmented yeldsttaea

werneckii It primarily affects the palms and soles, presenting as dark brown to black patches.
These patches are typically flat, ascaly, and asymptomatic, meaning they do not cause
itching or pain. The condii is more prevalent in tropical and subtropical regions, including
parts of Africa, South America, and Southeast Agexrywell
Health+6UpToDate-6Wikipediatr6Medicover

Hospitals-3DermNet® 3DermNet®3Medicover Hospita


https://www.uptodate.com/contents/tinea-nigra?utm_source=chatgpt.com
https://www.uptodate.com/contents/tinea-nigra?utm_source=chatgpt.com
https://dermnetnz.org/topics/tinea-nigra?utm_source=chatgpt.com
https://dermnetnz.org/topics/tinea-nigra?utm_source=chatgpt.com
https://www.medicoverhospitals.in/diseases/tinea-nigra/?utm_source=chatgpt.com

Clinical Images of Tinea Nigra
Here are some visual examples illustrating the appearance of tinea nigra:

1 Pigmented Patch on the PalmA solitary, welldemarcated dark brown lesion on the
palm.UpToDate

1 Multiple Lesions on the Palm Several irregularly shaped dark patches on the palm.

1 Closeup View: Detailed image showing the characteristic pigmentation of tinea
nigra.

Diagnosis and Treatment

1 Diagnosis Tinea nigra is diagnosed through clinical examination and confirmed by
microscopic analysis of skin scrapings, which reveal pigmented fungal hyphae.
DermNet®-2Wikipediat2VisualDx+2

1 Treatment: The condition responds well to topical antifungal agents, such as
ketoconazole or terbinafine, applied féd2veeks. In some cases, mechanical
removal by gentle scraping may also be effective.
WebMD+2DermNet®-2Dermatology Advisot2



https://www.uptodate.com/contents/tinea-nigra?utm_source=chatgpt.com
https://en.wikipedia.org/wiki/Tinea_nigra?utm_source=chatgpt.com
https://dermnetnz.org/topics/tinea-nigra?utm_source=chatgpt.com







Here are clinical images and informationtdack piedra andwhite piedra, two superficial
fungal infections affecting haghaftsMedicover Hospitals9ScienceDirect9VisualDx+9

Black Piedra

1 Cause Piedraia hortae a pigmented fungu3octor
Fungug-8VisualDx+8Facebook8
1 Appearance Hard, dak brown to black nodules firmly attached to hair shafts, often
found on the scalp, beard, or pubic HagarmNet®
1 Texture: Gritty and difficult to removéiealth Jade4Medical News
Today+r4DermNet®-4
T Common Regions Tropical and subtropical areas, including Latin America and parts
of Africa.
1 Images
o Black nodules on sgalhairDoveMedt9DermNet®-9Natural Pedia CorB
o Microscopic view of black piedra:


https://www.sciencedirect.com/topics/medicine-and-dentistry/black-piedra?utm_source=chatgpt.com
https://www.visualdx.com/visualdx/diagnosis/black%2Bpiedra?diagnosisId=52433&moduleId=46&utm_source=chatgpt.com
https://www.visualdx.com/visualdx/diagnosis/black%2Bpiedra?diagnosisId=52433&moduleId=46&utm_source=chatgpt.com
https://dermnetnz.org/topics/piedra?utm_source=chatgpt.com
https://www.medicalnewstoday.com/articles/white-piedra?utm_source=chatgpt.com
https://www.medicalnewstoday.com/articles/white-piedra?utm_source=chatgpt.com
https://dermnetnz.org/topics/piedra?utm_source=chatgpt.com

Here are some images that illustrate the clinical and histopathological features of
lobomycosis:

T Clinical Presentation: Photographs showing multiple keldi#e nodules on the
limbs, characteristic of lobomycosiSDC+1DermNet®t1

1 Histopathology. Microscopic images depicting the histopathologic changes
associated with lobomycosis, including the presence of spherical fungal cells
connected by tubular structurésetty ImageslGetty Imagesl

T Additional Cases A collection of lobomycosis images showcasing various
presentations of the diseases


https://wwwnc.cdc.gov/eid/article/29/12/23-1092-f1?utm_source=chatgpt.com
https://www.gettyimages.co.uk/photos/lobomycosis?utm_source=chatgpt.com







Phaeohyphomycosis is a rare fungal infection caused by dematiaceous (pigmented) fungi,
characterizedy darkwalled hyphae in tissue. It can manifest in various forms, including
cutaneous, subcutaneous, and systemic infections, often affecting immunocompromised
individualsMDPI+9Wikipediat9Doctor FungusOMDPI

Clinical Presentations

1 Cutaneous LesionsThese may appear as nodules, cysts, or plagues on the skin. For
exampe, a case study showed multiple nodular lesions on the arm, which were
diagnosed as phaeohyphomycosis .

1 Subcutaneous InfectionsThese involve deeper skin layers and can present as cystic
masses. An instance includes a cystic lesion on the foot, whickungisally excised
and confirmed as phaeohyphomycosis upon histological examinBeggearchGate

T Ocular Involvement: Though rare, phaeohyphomycosis can affect the eye, leading to
lesions that may require surgical interventiBathology Outlines

Histopathology

Histological examination typically reveals pigmented, septate hyphae within granulomatous
tissue. Special stains like Gomori methenamine silver (GMS) can highlight these fungal
elements. A detaitehistopathological analysis is available on DermMNetlth
Jade-7nethealthbook.com7Doctor Fungus?


https://en.wikipedia.org/wiki/Phaeohyphomycosis?utm_source=chatgpt.com
https://en.wikipedia.org/wiki/Phaeohyphomycosis?utm_source=chatgpt.com
https://www.researchgate.net/figure/Phaeohyphomycosis-located-in-the-foot-Intact-cystic-clinical-aspect-A-Surgery-B1_fig4_316841336?utm_source=chatgpt.com
https://www.pathologyoutlines.com/topic/microbiologydematiaceousmolds.html?utm_source=chatgpt.com
https://nethealthbook.com/infectious-disease/fungal-infection/fungal-infections/phaeohyphomycosis/?utm_source=chatgpt.com
https://nethealthbook.com/infectious-disease/fungal-infection/fungal-infections/phaeohyphomycosis/?utm_source=chatgpt.com

Additional Resources
For more images and detailed case studies, consider exploring the following:

1 DermNet: Provides comprehensive information and images related to
phaeohyphomycosis patholodgyermNet®

1 Doctor Fungus Offers insights into various fungal infections, including
phaeohyphomycosidVikipediat12nethealthbook.corl2MDPI+12

1 MDPI Review Article: A thorough review discussing clinical cases and treatment
approaches for phaeohyphomyco$isualDx


https://dermnetnz.org/topics/phaeohyphomycosis-pathology?utm_source=chatgpt.com
https://nethealthbook.com/infectious-disease/fungal-infection/fungal-infections/phaeohyphomycosis/?utm_source=chatgpt.com
https://www.visualdx.com/visualdx/diagnosis/cutaneous%2Bpheohyphomycosis?diagnosisId=56050&moduleId=101&utm_source=chatgpt.com




Chromoblastomycosis is a chronic fungal infection of the skin and subcutaneous tissue,
predominantly occurring in tropical and subtropical regions. daused by pigmented fungi,
notablyFonsecaea pedrosandCladophialophora carrioniiwhich enter the skin through
traumatic implantatiomermNet® 7CDC+7ASM Journals 7MedscapelUpToDater1

Clinical Presentation


https://www.cdc.gov/chromoblastomycosis/hcp/clinical-overview/index.html?utm_source=chatgpt.com
https://www.cdc.gov/chromoblastomycosis/hcp/clinical-overview/index.html?utm_source=chatgpt.com

The disease typically begins as small, erythematous papules aetbeisdculation. Over

time, these lesions evolve into larger, verrucous plagues or nodules with a warty surface.
Advanced cases may exhibit ulceration, crusting, and secondary bacterial infections. Lesions
are most commonly found on the lower limbs but oacur elsewhere on the bo@§DC

Histopathology
Histological examination reveals characteristic features, including:

1 Pseudoepithebmatous hyperplasia Thickening of the epidermis resembling
squamous cell carcinon&pringerLink-1DermNet®1

1 Granulomatous inflammation: Presence of gnulomas with multinucleated giant
cells.

T Muriform cells (Medlar bodies): Thick-walled, brown, round fungal cells with
transverse and longitudinal septations, considered pathognomonic for
chromoblastomycosi$iMP Global Learning Network

Visual Resources

For detailed images illustrating the clinical and histopathological aspects of
chromoblastomycosis, you may refer to the following resources:

T CDC Clinical Overview: Provides clinical images and information on
chromoblastomycosis.

1 DermNet NZ: Offers a collection of images depicting various presentations of
chromoblastomycosis.

T Wikimedia Commons Contains histopathological images of chromoblastomycosis.

These resources can provide a comprehensive visual understanding of the disease's
manifestations


https://www.cdc.gov/chromoblastomycosis/hcp/clinical-overview/index.html?utm_source=chatgpt.com
https://link.springer.com/article/10.1007/BF00443822?utm_source=chatgpt.com
https://www.hmpgloballearningnetwork.com/site/thederm/site/cathlab/event/treating-rare-fungal-infections-chromoblastomycosis?utm_source=chatgpt.com










.
o’

9

A



Here are several images illustrating the clinical and histopathological feafure
sporotrichosis:

Clinical Presentations

1. Cutaneous Lesions
Sporotrichosis often begins as a small, painless bump resembling an insect bite. Over
time, this can develop into nodules or ulcers along lymphatic channels, commonly on
the arms or hands.

2. Lymphocutaneous Spread
The infection may spread along lymphatic vessels, leading to a chain of nodular
lesions. This pattern is characteristic of lymphocutaneous sporotrichosis.

3. Fixed Cutaneous Form
In some cases, the infection remains localized, preseas a single lesion without
lymphatic involvement.

Histopathological Features

1. Granulomatous Inflammation
Histological examination reveals granulomatous inflammation with mixed cellular
infiltrates, including multinucleated giant cells and neutrophils.

2. Asteroid Bodies
Characteristic asteroid bodies may be observed, consisting of yeast cells surrounded
by eosinophilic, stalike structures. These are considered a hallmark of
sporotrichosis.

3. Cigar-Shaped Yeast Cells
The causative fungu§porothrix scheckii, appears as cigahaped yeast cells in
tissue sections, typically measurinigg2micrometers.



For more detailed images and information, you can explore the following resources:

1 DermNet NZ: Provides comprehensive information on the pathology of
spoptrichosis.

1 CDC Clinical Overview: Offers a clinical overview of sporotrichosis, including
images and treatment optioDC

1 CFSPH ImageGallery: Features a collection of annotated images related to

sporotrichosis.



https://www.cdc.gov/sporotrichosis/hcp/clinical-overview/index.html?utm_source=chatgpt.com

Mycetoma is a chronic, progressively destructive infection of the skin and subcutaneous
tissues, often affecting the feet. It is characterized by a triad of symptonefatttion

(swelling), draining sinuses, and the presence of grains in the discharge. The disease can be
caused by either fungi (eumycetoma) or bacteria (actinomycetttitapbe
Onlinet4Radiopaediadwebpathology.comdwebpathology.comdScienceDirect4Microbe
Onlinet4Wikimedia Commons9DermNet®-9arXiv+9

Clinical Features

T Tumefaction: A localized, painless swelling that gradually increases in size.

1 Draining Sinuses Multiple sinus tracts may del, discharging seropurulent
material containing graindermNet®1DermNet®1

1 Grains: These are aggregates of the causative organisms and can vary in color
depending o the pathogeMedscape


https://radiopaedia.org/articles/mycetoma-soft-tissue?lang=us&utm_source=chatgpt.com
https://radiopaedia.org/articles/mycetoma-soft-tissue?lang=us&utm_source=chatgpt.com
https://www.sciencedirect.com/science/article/pii/S0365059620303548?utm_source=chatgpt.com
https://www.sciencedirect.com/science/article/pii/S0365059620303548?utm_source=chatgpt.com
https://dermnetnz.org/topics/mycetoma?utm_source=chatgpt.com
https://dermnetnz.org/topics/mycetoma?utm_source=chatgpt.com
https://emedicine.medscape.com/article/211459-clinical?utm_source=chatgpt.com

The disease predominantly affects individuals in tropical and subtropical regions, particularly
those engaged in agricultuidtivities. Delayed diagnosis and treatment can lead to severe
deformities and disabilitipermNet®2arXiv+2CDC+2

Histopathological Features

Microscopic examination reveayganulomatous inflammation with characteristic grains. The
grains' morphology and staining properties help differentiate between eumycetoma and
actinomycetoma. Special stains like Hematoxylin and Eosin (H&E) and PeriodiSahitf
(PAS) are commonly useBermNet®7Zenoda-7anaisdedermatologia.org#it

For a comprehensive collection of mycetoma images, including clinical and histopathological
photographs, you can vishé following resources:

1 CDC's Clinical Overview of Mycetoma
1 DermNet NZ- Mycetoma

1 Wikimedia Commons Mycetomas Category



https://arxiv.org/abs/2410.12833?utm_source=chatgpt.com
https://zenodo.org/records/13655082?utm_source=chatgpt.com
https://www.cdc.gov/mycetoma/hcp/clinical-overview/index.html
https://dermnetnz.org/topics/mycetoma
https://commons.wikimedia.org/wiki/Category%3AMycetomas
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Pityriasis versicolor, also known as tinea versicolor, is a common superficial fungal infection
caused by the yeabtalassezialt manifests as patel of skin discoloration, which can

appear lighter or darker than the surrounding skin, often accompanied by fine scaling. These
patches typically occur on the trunk, neck, and upper
armsLybratet11Skinsight-11Healtht+11Cleveland Clinic

Visual Examples

Here are some images illustrating the appearance of pityriasis versicolor:

il

f
f

Hypopigmented patches on the backThese lighter areas contrast with the
surrounding skin and may be more noticeable after sun exposure.

Hyperpigmented lesions orthe chest Darker patches that may coalesce over time.
Fine scaling on affected areasThe surface of the lesions often shows subtle scaling,
which can be more apparent when the skin is scraped gently.

For a comprehensive gallery of images depicting uarfaresentations of pityriasis
versicolor, you can visit the following resources:

f
f
f

DermNet NZi Pityriasis Versicolor Images
Skinsighti Tinea Versicolor
MedicineNeti Pityriasis Versicolor Picture

Clinical Overview

Cause Overgrowth ofMalasseziayeast, which is part of the normal skin
flora.MedicineNet-6Health+6Cleveland Clinie-6

Symptoms Discolored patches (lighter or darker), mild itching, and fine scaling.
Risk Factors. Hot and humid climates, excessive sweating, oily skin, and weakened
immune systemBermNet®7Health+7Health+7

Treatment: Topical antifungal agents (e.g., ketoconazole, selenium sulfide), and in
recurrent or extensive cases, oral antifungals may be presQiiesland
Clinic+4Skinsight-4dDermNet®4

Prognosis The condition is benign and treatable, but recurrences are common,
especially in warm and humid environments.

If you need further information on diagnosis, treatment optimngreventive measures for
pityriasis versicolor, feel free to ask!


https://skinsight.com/skin-conditions/tinea-versicolor/?utm_source=chatgpt.com
https://skinsight.com/skin-conditions/tinea-versicolor/?utm_source=chatgpt.com
https://www.health.com/tinea-versicolor-8363463?utm_source=chatgpt.com
https://www.health.com/tinea-versicolor-8363463?utm_source=chatgpt.com
https://skinsight.com/skin-conditions/tinea-versicolor/?utm_source=chatgpt.com
https://skinsight.com/skin-conditions/tinea-versicolor/?utm_source=chatgpt.com










Tinea nigra is a rare superficial fungal infection caused by the pigmentedyetesta

werneckii It primarily affects the palms and soles, presenting as dark brown to blabkgpat
These patches are typically flat, ascaly, and asymptomatic, meaning they do not cause
itching or pain. The condition is more prevalent in tropical and subtropical regions, including
parts of Africa, South America, and Southeast Agexrywell
Health+6UpToDate-6Wikipediatr6Medicover

Hospitals-3DermNet®3DermNet®3Medicover Hospitals


https://www.uptodate.com/contents/tinea-nigra?utm_source=chatgpt.com
https://www.uptodate.com/contents/tinea-nigra?utm_source=chatgpt.com
https://dermnetnz.org/topics/tinea-nigra?utm_source=chatgpt.com
https://dermnetnz.org/topics/tinea-nigra?utm_source=chatgpt.com
https://www.medicoverhospitals.in/diseases/tinea-nigra/?utm_source=chatgpt.com

Clinical Images of Tinea Nigra

Here are some visual examples illustrating the appearance of tinea nigra:

il

f
il

Pigmented Patch on thé?alm: A solitary, welkdemarcated dark brown lesion on the
palm.UpToDate

Multiple Lesions on the Palm Several irregularly shaped dark patches on the palm.
Closeup View: Detailed image showing the characteristic pigmentation of tinea
nigra.

Diagnosis and Treatment

1 Diagnosis Tinea nigra is diagnosed through clinical examination and confirmed by

microscopic analysis of skin scrapings, which reveal pigmented fungal hyphae.
DermNet®-2Wikipediat+2VisualDx+2

Treatment: The condition responds well to topical antifungal agents, such as
ketoconazole or terbinafine, applied féd2veeks. In some cases, mechanical
removal by gentle scraping may also be effect
WebMD+2DermNet®-2Dermatology Advisot2

If you need further information or assistance regarding tinea nigra or other skin conditions,
feel free to as



https://www.uptodate.com/contents/tinea-nigra?utm_source=chatgpt.com
https://en.wikipedia.org/wiki/Tinea_nigra?utm_source=chatgpt.com
https://dermnetnz.org/topics/tinea-nigra?utm_source=chatgpt.com







Here are clinical images and information lolack piedra andwhite piedra, two superficial
fungal infections affecting hair shaftéedicover Hospitals9ScienceDirect9VisualDx+9

Black Piedra

1 Cause Piedraia hortae a pigmented fungu3octor
Fungug-8VisualDx+8Facebook8

1 Appearance Hard, dak brown to black nodules firmly attached to hair shafts, often
found on the scalp, beard, or pubic HagarmNet®

1 Texture: Gritty and difficult to removéiealth Jade4Medical News
Today+r4DermNet®-4

T Common Regions Tropical and subtropical areas, including Latin America and parts
of Africa.

1 Images

o Black nodules on scal

White Piedra

-Cause Trichosporonspecies, such & ovoidesandT.
inkin.Alamy+5Healthline-5Wikipediat+5


https://www.sciencedirect.com/topics/medicine-and-dentistry/black-piedra?utm_source=chatgpt.com
https://www.visualdx.com/visualdx/diagnosis/black%2Bpiedra?diagnosisId=52433&moduleId=46&utm_source=chatgpt.com
https://www.visualdx.com/visualdx/diagnosis/black%2Bpiedra?diagnosisId=52433&moduleId=46&utm_source=chatgpt.com
https://dermnetnz.org/topics/piedra?utm_source=chatgpt.com
https://www.medicalnewstoday.com/articles/white-piedra?utm_source=chatgpt.com
https://www.medicalnewstoday.com/articles/white-piedra?utm_source=chatgpt.com
https://www.healthline.com/health/white-piedra?utm_source=chatgpt.com

-Appearance Soft, white to light brown nodules Isely attached to hair shatfts,
commonly affecting scalp, facial, and pubic Nafikimedia
Commong13DermNet® 13Wikipediatl13

-Texture: Soft and easily detach&krmNet®

-Common Regions Temperate and tropical climates, including parts of Africa,
Europe, and the Americas.

Cutaneous Mycoses (Dermatophytosis)

Cutaneous mycoses are fungattions that affect the keratinized layers of the skin, hair, and
nails, primarily caused by dermatophytes sdcitlagphyidsicrosporuemdEpidermophyton
species.

A. Etiology

Caused bylermatophytes
-Trichophyton
-Microsporum
-Epidermophyton

A All arekeratinophilic fungi.
B. Types of Tinea Infections

Type Site Common Agent
Tinea capitis  Scalp, hair Microsporum Trichophyton
Tinea corporis Body Trichophyton rubrum

Tineacruris Gr oi n ( fAj ¢T.rubrumE. floccosum
Tineapedis Feet ¢€édat fT.rubrumT. mentagrophyte
Tinea unguium Nails (onychomycosi:t T. rubrum

Tinea barbae Beard area T. verrucosum

Tinea manuum Hands T. rubrum

C. Clinical Features

A Itchy, erythematous, scaly lesions with central clearing (ringworm
appearance)
A Nail infections: Thickened, discolored, brittle nails.
A Hair: Scaly scalp, alopecia, broken hairs.
D. Laboratory Diagnosis


https://dermnetnz.org/topics/piedra?utm_source=chatgpt.com
https://dermnetnz.org/topics/piedra?utm_source=chatgpt.com
https://dermnetnz.org/topics/piedra?utm_source=chatgpt.com

KOH mount: Demonstrates hyaline, septate hyphae.

Culture: Sabouraud Dextrose Agar (SDA) with cycloheximide.
Wo o d 0 s: UsetulnmpMicrosporuminfections (fluorescence).
Histopathology. PAS stain may be used for tissue specimens.

T > > >

E. Treatment

A Topical antifungals:Clotrimazole, terbinafine for skin infections.
A Systemic antifungals
-Griseofulvin (for hair and nalils).

-ltraconazole, terlbiafine, fluconazole for resistant or extensive disease.

A Duration: Weeks to months depending on site and severity.
F. Prevention

A Maintain personal hygiene.

A Avoid sharing towels, clothing, or grooming tools.

A Keep skin dry, especially in moist areas (gro@gtj.
Differential Diagnosis

Conditions mimicking fungal infections:

A Psoriasis

A Eczema

A Seborrheic dermatitis

A Vitiligo for pityriasis versicolor.
Both of these are autoimmune diseases.

Key Points for Clinical Practice
A Superficial mycoses are maresmetic while cutaneous mycoses can cause

_functional and structural damageto skin, nails, and hair.
A Recurrent infections are commammpliance with treatmentandhygieneis

~ essential.
A Always confirm diagnosis with laboratory testsbefore starting systemic
therapy
Summary Table
Category Common Agents Af';erzg';ed Diagnosis Treatment
Pityriasis , Trunk, KOH, Wood's ,
. Malassezia furfur Topical/oral azoles
versicolor shoulders lamp
Tinea corporis Trichophyton rubrum Body KOH, SDA Topical/systemic

azoles
Microsporum
Trichophyton
Tinea unguiumT. rubrum Nails KOH, culture Oral terbinafine

Tinea capitis Scalp, hair KOH, culture Oral griseofulvin



Subcutaneous Fungal Infections
Definition

These are infections that are chronic fungal infections that occur on deromisisgais
tissues,and some times bone,usually following traumatic implantation of the fungus gaining
access into the body via skin scratches.

Etiology and Pathogenesis

A Caused bgaprophytic fungi found in soil, vegetation, and decaying organic
matter.
A Infection typically results frontrauma or puncture wounds (e.g., thorn
pricks, wood splinters) that introduce the fungus into subcutaneous tissues.
A Common inagricultural workers and individuals in tropical and subtropical
regions.
General Characteristics

A Chronic, localized infection

A Often involvedimbs, especially feet and hands

A May lead togranulomatous inflammation, nodules, abscesses, sinus tracts
and deformities

A May spread locally butarely disseminates systemically

Common Types of Subcutaneous Mycoses

Mycetoma

General Overview

Mycetoma is a chronic progressive granulomatous subcutaneous infections that typically
affects the feet, characterized by swelling, sinus tract formation and discharge containing
grains known as granules.Mycetoma can be causéaifmycetoma meaning caused by true
fungi or Actinomycetoma caused by filamentous bacteria, the actinomycetes.

Mycetoma is a neglected tropical disease that can cause severe morbidity if not diagnosed
and treated early. Differentiating between actinomycatamd eumycetoma is crucial for
guiding effective therapy. A multidisciplinary approach involving medical therapy, surgery,
and public health measures is essential for management.

Epidemiology

A Geographic distribution: Endemic intropical and subtropical regions
especially in théMycetoma Belt" (between 15°S and 30°N latitude),
including:

-Sudan, India, Mexico, Venezuela Chad, Ethiopia, andSenegal

A Common in rural and agricultural populations



A More common in males by aratio of3:1, especiallfarmers, herders, and
_ field workers
A Typically affects people aged 2040 years

Causes
Eumycetoma (fungal)

A Common causative fungi:
-Madurella mycetomati@nost common)

-Madurella grisea

-Exophiala jeanselmei

-Leptosphaeria spp.
Actinomycetoma (bacterial)

A Causative orgaisms:
-Nocardia brasiliensis

-Actinomadura madurae
-Actinomadura pelletieri

-Streptomyces somaliensis

Pathogenesis

A Entry via skin trauma (e.g., thorn pricks, cuts)
A Organisms ar@oculated subcutaneouslyoften in the feet
A Local infection leads to:
1. Granulomatous inflammation
2. Formation ofabscesses
3. Development ofinus tracts
4. Discharge ofyranules(aggregates of causative organism)
T Chronic inflammation causes:

-Tissue fibrosis
-Bone destruction

-Deformity anddisability
Clinical Features
A Triad of symptoms:

1. Swelling of the affected area (commonly the foot, hence "Madura foot")
2. Multiple discharging sinuses



Presence of colored granulem discharge it can be black, white, yellow
depending on organism.

w

Painless early stagedater may become painful
Progressivénvolvement ofskin, subcutaneous tissue, and bone

A
A

Mycetoma is a chronic, progressively destructive infection of the skin and subcutaneous
tissues, often affecting the feet. It is characterized by a triad of symptoms: tumefaction
(swelling), draiing sinuses, and the presence of grains in the discharge. The disease can be
caused by either fungi (eumycetoma) or bacteria (actinomycetdh@apbe
Online+4Radiopaedia+4webpathology.comedbpathology.com+4ScienceDirect+4Microbe
Online+4AVikimedia Commons+9DermNet®+9arXiv+9

Clinical Features

T Tumefaction: A localized, painless swelling that gradually increases in size.
¢ Draining Sinuses Multiple sinus tracts may develop, discharging seropuatule
material containing graindermNet®+1DermNet®+1



https://radiopaedia.org/articles/mycetoma-soft-tissue?lang=us&utm_source=chatgpt.com
https://radiopaedia.org/articles/mycetoma-soft-tissue?lang=us&utm_source=chatgpt.com
https://www.sciencedirect.com/science/article/pii/S0365059620303548?utm_source=chatgpt.com
https://www.sciencedirect.com/science/article/pii/S0365059620303548?utm_source=chatgpt.com
https://dermnetnz.org/topics/mycetoma?utm_source=chatgpt.com
https://dermnetnz.org/topics/mycetoma?utm_source=chatgpt.com

1 Grains: These are aggregates of the causative organisms and can vary in color
depending on the pathogbfedscape

The disease predominantly affects individuals in tropical and subtropical regions, particularly
those engaged in agricultural activities. Delayed diagraosd treatment can lead to severe
deformities and disabilitiermNet®+2arXiv+2CDC+2

Histopathological Features

Microscopic examination reveals granulomatous inflammatiitim characteristic grains. The
grains' morphology and staining properties help differentiate between eumycetoma and
actinomycetoma. Special stains like Hematoxylin and Eosin (H&E) and PeriodiSahitf
(PAS) are commonly useBermNet®+7Zenodo+7anaisdedermatologia.org.br+7

For a comprehensive collection of mycetoma images, including clinical and histopathological
photographs, you can visit the following resources:

Investigations

1. Clinical examination:Swelling, sinuses, granule discharge
2. Microscopy:

-Direct KOH wet mount of granules
-Gram stain or modified acithst stain (for actinomycetoma)
-Granule color and morphology suggest causative organism
3. Culture:
-S a b o u rdextnodedagar (fungi)
-Blood/chocolate agar (actinomycetes)
-Takes several days to weeks
4. Histopathology.Shows granulomas, inflammatory cells, grains with surrounding
fibrosis
5. Imaging:
-X-ray: bone involvement (osteomyelitis, Iytic lesions)
-Ultrasound/MRI : soft tissue extension and sinus tracts

6. Molecular techniques(PCR): for species identification (where available)

Management


https://emedicine.medscape.com/article/211459-clinical?utm_source=chatgpt.com
https://arxiv.org/abs/2410.12833?utm_source=chatgpt.com
https://zenodo.org/records/13655082?utm_source=chatgpt.com

Actinomycetoma (Bacterial)

A

More responsive to medical treatment

Antibiotic therapy :

-Firstline: Co-trimoxazole + Amikacin
-Alternatives: Dapsone, Rifampicin, Streptomycin

-Duration:6i 12 months often extended

Surgical debridementin resistant or advanced cases

Eumycetoma (Fungal)

A
A

> >

Prevention

> > >

Less responsive to drugs; more often requires surgery
Antifungal therapy::
-First-line: Itraconazole or Voriconazole

-Alternatives: Posaconazole, Terbinafine
-Long-term treatment (often >12 months)
Surgery:

Wide excision oamputation in advanced cases
Combined with antifungal therapy to prevent recurrence

Wearingprotective footwear
Educating atisk populations about wound care and early symptoms
Prompt treatment of early lesions to avoid complications

Complications

> I I

Chronic disability

Bone deformities and destruction
Secondary bacterial infection
Social stigma and economic burden

Chromoblastomycosis

General Overview



Chromoblastomycosis is a chronic fungal skin infection that requires
prolonged treatment and careful monitoring. Early diagnosis and a
combination of antifungal therapy and adjunctive treatments offer the best

outcomes.
Thedisease itself posses the following key features.

-It is chronic and localized, subcutaneous fungal infections caused by dematiaceous, meaning
pigmented fungi, characterized by verrucous warty, cauliftevein lesions.

-The disease progresses slamti/can lead to fibrosis, lymphedema and secondary infections if
untreated.

-Chromoblastomycosis is also known as chromomycosis.

Chromoblastomycosis is a chronic fungal skin infection that requires prolonged treatment and
careful monitoring. Early diagnasand a combination of antifungal therapy and adjunctive
treatments offer the best outcomes.

Epidemiology

A Geographic distribution: Predominantly inropical and subtropical

regions

Common inLatin America, Africa, Asia, andrural areas

Occupational exposue: Farmers, agricultural workers, forestry workers
Affects middle-aged menmore frequently

Traumatic inoculation with contaminated soil or plant material is the usual
mode of transmission

I > > D

Causes
Caused bynelanin-producing (dematiaceous) fungfound in sdi and vegetation:
-Fonsecaea pedros@nost common)
-Cladophialophora carrionii
-Phialophora verrucosa
-Rhinocladiella aquaspersa
Pathophysiology
1. Trauma introduces fungal elementdnto the dermis or subcutaneous tissue
2. Fungi develop intanuriform cells (sderotic or Medlar bodies), which atleick -
walled, brown pigmented, multrseptate

3. A granulomatous immune responseccurs, leading to:

-Chronic inflammation



-Tissue hyperplasia
-Fibrosis
4. Slow progression results ahronic verrucous plaqueswith potential omplications:

-Lymphedema
-Secondary bacterial infection
-Rare malignant transformation (squamous cell carcinoma)

Clinical Presentation

Initial lesion: Small, painlespapule or noduleat site of inoculation

Gradually progresses to:
-Verrucous (warty) plaques

A
A

-Cauliflower -like masses
-Scaly or crusted lesions

Commonly involvedower limbs, especially feet.

May developsatellite lesionsdue to autoinoculation

No systemic symptoms

Chronic course; lesions may persist for years if untreated.

- - 8
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Investigations



1. Direct Microscopy:
KOH mount of skin scrapings or biopsy shows:

Muriform cells (sclerotic bodies/Medlar bodies) brown, round, thickvalled fungal cells
with septa

2. Culture:

A GrownonSabourauddés dextrose agar
A Produces slovgrowing, darkcolored (dematigeous) colonies
A Identification based on conidial structures
3. Histopathology.Granulomatous inflammation witiant cells sclerotic bodies and
fibrosis
4. Molecular diagnosis(PCR/sequencing): for species confirmation (if available)

Treatment
Pharmacologic

A Firstline antifungals:
-Itraconazole (200/ 400 mg/day) for several months

-Terbinafine (250' 500 mg/day)

A Other options:
-Posaconazole, Voriconazole (in refractory cases)

-Flucytosine (less effective as monotherapy)

Adjunctive therapies

A Cryotherapy (liquid nitrogen),a freesing technique.

A Thermotherapy

A Surgical excisionof small lesions

A Combination therapy antifungal + cryotherapy/surgery) often more effective
Duration of treatment:

A Often requiresnonths to years
A Recurrence is common; losigrm follow-up needed

Prognosis and Complications

A Prognosis depends on:
-Size and durationof lesion

-Early diagnosis and compliancewith treatment

A Complications:
-Secondary bacterial infection



-Lymphedema and elephantiasis

A Malignant transformation (rare)
Prevention

-Protective clothing and footwearfor atrisk individuals
-Early identification and treatment of initial lesions

1 -Public health awareness in endemic regions

Phaeohyphomycosis

General Overview

Phaeohyhomycosis refers to a heterogeneous group of fungal infexaisel by
dematiaceous,darkly pigmented fungi that display brown septate hyphae in the tissues.Unlike
other subcutaneous mycoces with uniform clinical pattern.It presents in varied forms ranging
from superficial to deep systemic infections.The term exsldieeases like
chromoblastomycosis and mycetoma even though they are also caused by dematiaceous.

Phaeohyphomycosis represents a broad spectrum of fungal infections by dematiaceous fungi.
Due to its diverse presentation and the increasing number of ioumonpromised patients,

early recognition, fungal identification, and prompt management with appropriate antifungals
and surgery are critical for favorable outcomes.

Epidemiology
A Worldwide distribution , but more common itropical and subtropical
~ regions
A Increased incidence immunocompromised individuals especially:
-Organ transplant recipients
-HIV/AIDS patients

-Patients on longerm corticosteroids or chemotherapy

A Sporadic in immunocompetent individuals followimgumatic
implantation.

Causes



A Causedy dematiaceous (melanirproducing) fungi found in:
-Soil

-Wood
-Decaying vegetation

A Over 100 species implicated; common ones include:
-Exophiala jeanselmei

-Phialophora richardsiae
-Bipolaris spp.
-Cladophialophora bantiana

A Wangiella dermatitidis
Pathogeresis

=

Traumatic implantation of spores or hyphae through skin or mucosa

2. Inhalation or hematogenous spread may occur (especially in systemic forms)
3. Melanin in fungal cell walls:

-Contributes tovirulence by neutralizing oxidative killing by phagocytes

-Promdesresistanceto antifungals and host immunity

4. In immunocompromised patients, the fungi carade deeper tissuesr disseminate

Clinical Manifestations
Phaeohyphomycosis is classified into four main clinical forms:
1. Superficial Forms:

A Tinea nigra (caused byHortaea werneck)i

A Black piedra

A Limited to stratum corneum or hair shafts
2. Cutaneous and Subcutaneous Forms:

A Present apainless nodulescysts orabscesseen extremities or face
A Mimics lipomas or epidermoid cysts
A Occurs due térauma-related inoculation

3. Systemic/Disseminated Forms:

A Affectslungs, brain, bones, or other organs
A Occurs innmmunocompromised hosts



A CNS phaeohyphomycosis (e.g., brain abscesslagophialophora bantiana
is often fatal
4. Allergic Forms:

A Allergic fungal sinusitis
A Allergic bronchopulmonary mycosis
A Due to fungal antigens stimulating an immune response

Investigations
1. Direct Microscopy:
A KOH mount or tissue crush prep showswn-pigmented, septate
~ hyphae
A Special staind-ontana-Masson(melanin),GMS, PAS
2. Culture:

A Sabouraud dextrose agar



A Colonies appeatark (black or olive), wooly or velvety
3. Histopathology.

A Pigmented septate hyphaén tissue sections
A Granulomatous inflammation, necrosis, or abscess formation
4. Molecular DiagnosticsPCR or DNA sequencing used &pedes identification
(helpful in systemic disease)
5. Imaging:CT/MRI for systemic forms (e.g., brain abscess or pulmonary mass)

Management
Treatment depends on the clinical form and immune status of the patient:
Subcutaneous/Localized Infections:

A Surgical excison of the lesion

A Itraconazole (first-line oral antifungal)

A Alternatives:terbinafine, posaconazole
Disseminated/Systemic Infections:

A Amphotericin B (liposomal) for severe infections

A Stepdown therapy wittvoriconazoleor posaconazole

A CNS involvement oftenequiressurgery + antifungals
Allergic Forms:

A Corticosteroids with antifungals

A Sinus irrigation or surgery may be needed

Prognosis

A Localized infectionshave good outcomes with complete surgical excision and
antifungal therapy.

A Systemic or CNS infectionsarry apoor prognosis especially in
immunocompromised patients.

A Relapse can occugng-term monitoring is essential.

Lobomycosis

General Overview.

Lobomycosis also known as lacaziosis is a chronic granulomatous fungal infection of the skin
and subcwneoudissue. Thalisease is caused by a fungus known as Lacazia loboi,it

presents with keloitike nodular lesions that are slow growing and persistent.Lobomycosis is
a rare disease that primarily affects humans and some marine mammals especiallg.dolphin

Lobomycosis is a rare, chronic fungal skin disease limited to certain tropical areas. Its
characteristic nodular skin lesions and inability to be cultured make diagnosis unique.



Surgical excision remains the mainstay of treatment, with ongoing resetrdifective
antifungal agents.

Epidemiology

>\

>\

Causes

A

A

Geographic distribution:Endemic inrural tropical and subtropical regions
of Central and South America especially thémazon basin(Brazil,
Colombia, Peru, Suriname).

Occupational exposureCommon infishermen, agricultural workers, and
forest dwellersdue to exposure to soil, vegetation, or water.

Zoonotic potential:Rare zoonotic transmission reported, primarily from
infected dolphins

Caused by thebligate intracellular, uncultivable, pigmented yeastlike
fungus Lacazia loboi

Natural reservoir and exact mode of transmission are uncledrabutatic
inoculation throughskin injuries is the primary route.

Pathogenesis

1.

2.
3.
4.

Inoculation of fungal elements throughauma (e.g., cuts from vegetation, insect

bites).

Fungus remains in thdermis, unable to invade deeper tissues or disseminate.
Granulomatous chronic inflammation ensues, with alowly progressive course
The body formslense fibrous tissuearound fungal cells, leading fiom nodules.

Signs and Synptoms

-

A

A
A
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Presentsnonths to years after initial inoculation.

Skin lesions

Firm, painless, slowgrowing nodules or plaques

-Lesions are oftekeloid-like, smooth or verrucous andhypo- or
hyperpigmented

-Common sitesears, face, arms, legs

No lymphatic spread

No systemic symptom®r dissemination
Lesions mayilcerate, but are usuallypon-tender
Chronic course may lead thisfigurement



Here are some images that illustrate the clinical and histopathological features of
lobomycosis:

T Clinical Presentation: Photographs showing multiple keldi#e nodules on the
limbs, characteristic of lobomycosis.

T Histopathology. Microscopic images depicting the histopathologic changes
associated with lobomycosis, including the presence of spherical fungal cells
connectd by tubular structures.

T Additional Cases A collection of lobomycosis images showcasing various
presentations of the disease.

Investigations

1. Direct Microscopy:



-KOH preparation or skin scraping shoafsins of thick-walled yeast cells
connected byube-like bridges (pathognomonic)

-Cells areround, uniform, and may resemble "chains of lemons”
2. Histopathology.
-Granulomatous inflammation with numerougungal cells in macrophages
-Seen withspecial stains PAS, GMS
-No culture possible (organism is uncwuétble in vitro)
3. Culture:Not possible Lacazia loboicannot be grown on artificial media

4. Molecular TechniquesPCR and genetic sequencing are research tools for species
identification

Management

A Medical treatment:
-Antifungals alone are largely ineffective

-Agents such agraconazole, clofazimine, or dapsonéave been tried with
limited success

A Surgical treatment
-Surgical excisionwith wide margins is theeeatment of choice

-Recurrence is commoniiicomplete excisionis done

>

Adjunctive therapy:Postoperate antifungal therapy may help prevent
recurrence
Follow-up:Long-term observation is necessary duditgh recurrence rate

>

Prognosis

Benign but chronic course

Lesions do not metastasize but may cawsgnetic disfigurement
Recurrence is commonafter excsion without adequate margins
No malignant transformation reported

> I I D

Prevention

A Avoidance of traumain endemic areas (e.g., protective clothing)
A Public awareness and early detectioare key in reducing disease burden



Sporotrichosis

General overview.

Spordrichosis is a chronic fungal infection of the skin and subcuteous tissues caused by
t hedi morphic fungus Sporothrix aschencki
gardener 6s disease due to its asscffectsithat i
skin and lymphatic system,but disseminated froms may occur especially in
immunocomprimised individuals.

Sporotrichosis is an important subcutaneous fungal infection with varied clinical
presentations, especially in tropical regions. Accuratgndisis through culture and effective
treatment with itraconazole leads to good outcomes, while awareness and prevention are
essential in endemic populations

Epidemiology

Causes

A

>\
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Worldwide distribution , but most common in:
-Tropical and subtropical climates

-Endemc in South and Central America Mexico, Africa, India, andJapan
Occupational risk:Farmers, gardeners, florists, forestry workers, and animal

handlers
Zoonotic transmission Especially froncatsin Latin America and Brazil.

Caused bysporothrix schenckii complex (dimorphic fungi)
IncludesS. schenckii sensu stri¢td. brasiliensisS. globosaand others
Found in:

-Soil

-Decaying vegetation

-Thorns, wood, moss andhay

Pathophysiology

1. Inoculation through skin trauma e.g., thorn prick, scratch, bite.

2. Fungal spores convert y@ast formin human tissue dimorphic switch.
3. Invadessubcutaneous tissuand spreadalong lymphatics

4. Granulomatous inflammation develops, with chronicity if untreated

Signs and Symptoms

Cutaneous forms (most common):

1. Lymphocutaneous Sporotrichosis

-Most typical form (~75% of cases)

i
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-Initial painless noduleat site of injury Y ulcerate
-Spread alontymphatic channelsY mul ti pl e nodul es in a
2. Fixed Cutaneous Sporotrichosis
A Localized lesion witlno lymphatic spread
A Papule Y plaque or wul cer
3. Disseminated Cutaneous Sporotrichosis
A Multiple skin lesions due tbematogenous spread

A Seen inmmunocompromisedindividuals
Extracutaneous forms:

A Pulmonary sporotrichosis rare, mimics TB (via inhalation)
A Osteoarticular sporotrichosis
A Disseminated sporotrichosisaffects multiple organs; usually in HIV/AIDS

patients




Clinical Presentations

1. Cutaneous Lesions
Sporotrichosis often begins as a small, painless bump resembling an insect bite. Over
time, this can develop into noes or ulcers along lymphatic channels, commonly on
the arms or hands.

2. Lymphocutaneous Spread
The infection may spread along lymphatic vessels, leading to a chain of nodular
lesions. This pattern is characteristic of lymphocutaneous sporotrichosis.

3. Fixed Cutaneous Form
In some cases, the infection remains localized, presenting as a single lesion without
lymphatic involvement.

Investigations
1. Direct Microscopy:

A Usuallynot helpful in skin lesions due to low fungal load
A May showcigar-shaped budding yeastellsin tissue (rare)
2. Culture (gold standard):

A Sabouraud dextrose agar
A Colonies grow in 57 days at 25°C (mold phase) and 37°C (yeast
phase)
A Definitive identification by temperatw@ependent dimorphism
3. Histopathology.

Histopathological Features

1. Granulomatous Inflammation
Histological examination reveals granulomatous inflammation with mixed cellular
infiltrates, including multinucleated giant cells and neutrophils.

2. Asteroid Bodies
Characteristic asteroid bodies may be observed, consisting of yeastcallsnded
by eosinophilic, stalike structures. These are considered a hallmark of
sporotrichosis.

3. Cigar-Shaped Yeast Cells
The causative fungu§porothrix schenckiappears as cigahaped yeast cells in
tissue sections, typically measurinigo2nicrameters.

4. Molecular tests (PCR)For species differentiation (if available)
5. SerologyLimited use, mostly in systemic or disseminated forms

Management

Cutaneous/Lymphocutaneous Sporotrichosis:



1 First-line treatment:ltraconazole 200 mg/day for B6 months
1 Alternative:Saturated solution of potassium iodide (SSKI) effective but less used
due to side effects

Disseminated or Extracutaneous Sporotrichosis:

A Itraconazole (200' 400 mg/day) or
A Amphotericin B deoxycholate(for severe/systemic infection)
Surgical Management

A Not routinely required
A Debridement or excisionin case of nothealing lesions
Prevention:

A Wear protective clothing (gloves, boots) during gardening or handling
soil/plants

A Prompt cleaning of skin wounds

A Education in endemic areas

Prognosis

A Generallyexcdlent with treatment
A Delay in treatment can lead ¢bronic lesionsor dissemination
A Poor prognosis immunocompromisedpatients if not treated aggressively

. Systemic Mycoses (Deep Mycoses)

Overview.

Systemic mycoses are fungal infections that affdetival organs or systems of the body.
These infections usually result from inhalation of fungal spores, and they can disseminate
from the lungs to other organs. Systemic mycoses can occur in both immunocompetent and
immunocompromised individuals, thougleyhare often more severe in the latter stage of a
disease.

Key Characteristics

A Primary systemic mycosesCaused by dimorphic fungi that can infect
healthy individuals.

A Opportunistic systemic mycosesAffect mainly immunocompromised
patients (e.g., HIV/AIDScancer, transplant recipients).

Epidemiology of Systemic Fungal Infections.
1. Global Burden

A Systemic fungal infections are a growing public health concern,
especially among immunocompromised individuals.

A Over1.5 million deaths annuallyare attributed tonvasive fungal
infections.



2. At-Risk Populations

A HIV/AIDS patients
A Organ transplant recipients
A Cancer patients undergoing chemotherapy
A ICU patients (especially with central lines or on besadctrum
antibiotics)
A People with uncontrolled diabetes (e.g., mutyosis)
3. Geographical Distribution

A Histoplasmosis Endemic in the Ohio and Mississippi River valleys
(USA), parts of Central and South America.
A Blastomycosis North America (particularly USA and Canada).
A Coccidioidomycosis Southwestern USA, Mexico, Souimerica.
A ParacoccidioidomycosisCentral and South America.
A Talaromycosis Southeast Asia, India, and China.
4. Emerging Trends

A Increase irantifungal resistance(e.g.,Candida aurisoutbreaks).
A Rising cases due to expanding populations of immunosuppressed
individuals.
5. Modes of Transmission

A Primarilyinhalation of sporesfrom soil, bird droppings, or decaying
organic matter.
A Opportunistic fungi often originate fronormal flora or
environment.
6. Seasonality & Environmental Factors

A Some infections are seasor@#aking during dry or dusty months.

A Construction, deforestation, and climate change contribute to increased
exposure.

Classification
1. Primary Systemic Mycoses (True Pathogens)

These fungi have the ability to cause disease in healthy individuals.

Fungus Disease Geographic Distribution

Worldwide (endemic in Ohio &

Histoplasma capsulatur Histoplasmosis Mississippi River valleys, USA)

Blastomyces dermatitid Blastomycosis USA, Canada, parts of Africa
Coccidioides immitig C. Coccidioidomycosig"Valley Southwestern USA, Mexico, Sou
posadasii Fever") America

Paracoccidioides

AR Paracoccidioidomycosis  Central and South America
brasiliensis



Fungus Disease Geographic Distribution

Talaromyces

(Penicillium) marneffei Talaromycosis Southeast Asia, India, China

2. Opportunistic Systemic Mycoses

These fungi cause disease in people with weakened immune systems.

Fungus Disease Risk Group
Candida albicans Candidiasis Immunocompromised, ICU patient:
Cryptococcus neoformail Cryptococcosis HIV/AIDS patients
Aspergillus fumigatus  Aspergillosis Neutropene patients, transplant
recipients
Mucor spp., Rhizopus Mucormycosis Diabetics, DKA,
spp. (Zygomycosis) immunocompromised
:gsa”um Scedosporiur Disseminated infections Immunosuppressed hosts

Mode of Transmission

A Inhalation of airborne spores (mi@®mmon)

A Direct inoculation (rare)

A Hematogenous spread from primary site (usually lungs)
Pathogenesis

Spores are inhaled and settle in the lungs.

In healthy hosts: may remain asymptomatic or cause mild pulmonary disease.
In immunocompromised: fungi mayssieminate to skin, brain, liver, spleen,
bone marrow, and other organs.

Dimorphic fungi switch from mold (environmental) to yeast (tissue) form
inside the host.

Clinical Manifestations

> >

Pulmonary symptoms Cough, chest pain, hemoptysis, dyspnea.
Systemic synptoms. Fever, weight loss, fatigue.

Organ-specific involvement Meningitis (Cryptococcus), skin lesions
(Histoplasma, Blastomyces), sinus/orbital involvement (Mucormycosis),
endocarditis (Candida, Aspergillus).

> >



Systemic Fungal infections.

Visual Examples of Systemic Mycoses
1. Invasive Candidiasis

Candidaspecies can enter the bloodstream, leading to widespread infection. Skin
manifestations may include red, patchy rashes or pustules.

2. Cryptococcosis

Caused byryptococcus neoformanthis infectionoften affects the lungs and central
nervous system. Skin lesions may appear as papules or nodules, sometimes resembling
molluscum contagiosum.

3. Histoplasmosis

Histoplasma capsulatuprimarily affects the lungs but can disseminate, causing skin ulcers
or nodules. Lesions may be painful and vary in appearance.

4. Blastomycosis



Blastomyces dermatitidisan cause skin lesions that are verrucous or ulcerative, often
mistaken for squamous cell carcinoma.

5. Coccidioidomycosis

Also known as "Valley Fever," caus®y Coccidioidesspecies, this infection can lead to skin
manifestations like erythema nodosum or multiforme.

6. Paracoccidioidomycosis

Paracoccidioides brasiliensisfection may result in mucocutaneous lesions, particularly in
the mouth and nose, witlcerative and granulomatous features.

7. Mucormycosis

Caused by fungi in the order Mucorales, this aggressive infection can lead to necrotic skin
lesions, especially in individuals with uncontrolled diabetes or immunosuppression.

8. Aspergillosis

Aspergilusspecies can cause invasive infections, particularly in the lungs, and may
disseminate, leading to skin nodules or ulcers.

Laboratory Diagnosis.

>\

Microscopy: KOH mount, Gram stain, India ink (f@ryptococcuy

Calcofluor white.

A Culture: Sabouraud Dextrose Agar (SDA); dimorphic fungi show mold at
25°C, yeast at 37°C.

A Serology. Antigen and antibody detection (e.g., Histoplasma antigen in
urine/serum).

A Molecular methods PCR, MALDI-TOF MS.

A Histopathology: Tissue biopsy showing fuagjelements.

Treatment
A Amphotericin B: Broadspectrum; used for severe cases.
A Azoles
-Itraconazole Histoplasmosis, Blastomycosis.
-Fluconazole Cryptococcosis, Candidiasis.

-Voriconazole Aspergillosis.

A Echinocandins Effective agains€Candidaspp.
A Surgical debridement For mucormycosis and localized fungal masses.

Prevention

A Avoid exposure to endemic areas (for travelers).



A Use of protective equipment in higisk occupations (e.g., agriculture,
construction).
A Prophylactic antifungals in higtisk patiens (e.g., transplant recipients).
Summary Table

Disease Causative Agent Key Features
Histoplasmosis Histoplasma capsulatum Bird/bat droppings; intracellular yea:
Blastomycosis Blastomyces dermatitidis Broadbased budding yeast
Coccidioidomycosis Coccidbides immitis Spherules with endospores
Paracoccidioidomycos Eara.c_occ[dmldes APil ot wheel 06 ye

rasiliensis
Cryptococcosis Cryptococcus neoformansIndia ink capsule; CNS involvement
Candidiasis Candida albicans Thrush, esophagitis, fungemia
Asperdllosis Aspergillus fumigatus Septate hyphae; acuéamgle branching
Mucormycosis RhizopusMucor E&gsﬁi%tgte hyphae; righangle

Opportunistic Fungal Infections

Overview.

Opportunistic fungal infections are caused by fungi that normally doauste disease in
healthy individuals but can lead to severe infectionsimunocompromised hostssuch as:

A HIV/AIDS patients

A Cancer patients receiving chemotherapy

A Organ transplant recipients

A Patients on longerm corticosteroids or immunosuppressants

A Diabetics and critically ill ICU patients
EPIDEMIOLOGY.

Epidemiology of Opportunistic Fungal Infections.
A Global Increase Opportunistic fungal infections have risen due to the
growing number oimmunocompromised individuals including:
-HIV/AIDS patients
-Carcer and transplant patients

-ICU patients with invasive devices

A High-Risk Populations
-HIV/IAIDS Y Cr y p t d®eeancocystis jirovegiCandida

-Neutropenia/chemotherapyY Aspergillus Fusarium

-Diabetes mellitusY Mucorales



-Hospitalized/ICU Y Candida(nosocomial bloodstream infections)
A Geographic Distribution:

-Cryptococcus worldwide, especiallyn subSaharan Africa (HIV

prevalence)

-Penicillium marneffei: endemic in Southeast Asia

-Mucormycosis more common in India and countries with high diabetes
burden

A Nosocomial Fungi Candida sppis a leading cause of hospitatquired
fungal bloodstreanmiections.

Common Opportunistic Fungi

Fungus Morphology Type Common Infections
Thrush, vaginitis,

Candida spp. veast Endogenou oy hhagitis, candidemia
Cryptococcus Encapsulated yeast  Exogenous Meningitis, pneumonia
neoformans

Pulmonary aspergillosis,
Mold sinusitis, invasive
aspergillosis

Septatehyphae with

Aspergillus spp. acute angle branching

Broad, norseptate
"hyphae, rightangle Mold
branching

Atypical fungus (no
ergosterol)

Mucorales (e.g., Mucor
Rhizopus)

Rhinocerebral, pulmonary
cutaneous mucormycosis

Pneumocystis pneumonie
(PCP)

Skin lesions, keratitis,

Pneumocystis jiroveeii Opportunist

Fusarium spp. Septate hyphae Mold disseminated infection
?g:ﬂg%mcgameﬁe' Yeastlike at body temg Dimorphic Disseminated infection in
mameffe?; mold at room temp HIV/AIDS (Asia endemic)

Risk Factors
-Neutropenia
-Cell-mediated immune deficiency(HIV, steroids, lymphoma)
-Broad-spectrum antibiotic use
-Indwelling catheters or devices

-Mucosal barrier disruption



-Diabetes mellitus(especially mucormycosis)

Pathogenesis

Colonization of mucocutaneous surfaces or environment

Invasion through damaged barriers or phagocyte dysfunction
Disseminationvia bloodstream (fungemia)

Fungi evade host immunity using capsules (e.g., Cryptococcus)msi¢é.g.,
Candida), or proteolytic enzymes.
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Clinical Syndromes

a. Candidiasis

f
f

f
f
f

Oropharyngeal (Thrush): White patches in mouth, common in HIV.

Esophageal candidiasisOdynophagia painfull swallowing, dysphagia (AIDS
defining illness).

Vaginal candidiasis:Itching, white discharge.

Candidemia: Fever, sepsis; may cause endophthalmitis, hepatosplenic abscesses.
Diagnosis:KOH prep, culture, bet®-glucan, blood cultures.

b. Cryptococcosis

f
f
f

Cryptococcal meningitis: Common in HIV; headache, fever, altered sensori
Pulmonary cryptococcosis:Pneumonidike symptoms.
Diagnosis:India ink stain, cryptococcal antigen (CSF/serum), culture.

c. Aspergillosis

=A =4 =4 =

Allergic bronchopulmonary aspergillosis (ABPA): Seen in asthmatics.
Aspergilloma: Fungus ball in prexisting caity (e.g., TB cavity).
Invasive aspergillosis:Fever, pleuritic chest pain, hemoptysis.
Diagnosis:CT (halo sign), galactomannan antigen, culture.

d. Mucormycosis

1

f
f
f

Rhinocerebral mucormycosis:In diabetics; facial swelling, necrotic nasal turbinates,
cranialnerve palsies.

Pulmonary mucormycosis:Fever, cough, hemoptysis.

Cutaneous mucormycosisNecrotic skin lesions.

Diagnosis:Biopsy showing broad aseptate hyphae; culture.

e. Pneumocystis pneumonia (PCP)

= =4 =4 =4

Common in AIDS with CD4 <200/uL
Symptoms: Dyspnea, ngproductive cough, fever
Chest Xray: Bilateral groundylass opacities
Diagnosis:BAL with silver stain, PCR



Laboratory Diagnosis

Direct microscopy: KOH mount, India ink, silver stain
Culture: Sabouraud dextrose agar

Antigen tests: Galactomannan (Aspalgs), Cryptococcal Ag
Molecular tests: PCR for Pneumocystis and others
Histopathology: Biopsy for tissue invasion

=A =4 -4 -4 4

Treatment Overview

Infection First-Line Treatment

Fluconazole; echinocandins (e.g., caspofungin) for resistant or invasi\
cass

Cryptococcosis Amphotericin B + flucytosine, followed by fluconazole maintenance
Aspergillosis Voriconazole; amphotericin B as alternative

Mucormycosis Liposomal amphotericin B + surgical debridement

PCP TMP-SMX (trimethoprimsulfamethoxazole); steids if hypoxic
Penicilliosis  Amphotericin B followed by itraconazole

Candidiasis

Prevention and Prophylaxis

T HIV patients (CD4 <200): TMP-SMX for PCP; fluconazole in highisk areas for
cryptococcus.

T Neutropenic patients:Posaconazole or voriconazole prophylaxis

1 Diabetes control, catheter care, antifungal stewardship

Summary Table

Fungus Host Infection Site Diagnostic Test Treatment
Candida albicans Broad Oral, vaginal, KOH, culture Fluqonazolg,
blood echinocandin
Cryptococeus HIV CNS, lungs India ink, Ag tesi Amphot_encm B+
neoformans flucytosine
Asp_erglllus NeutropenitLungs, sinuses CT, Voriconazole
fumigatus galactomannan
Mucor spp. Diabetics ISlnuses, brain, Biopsy Amphotericin B,
ungs surgery
Pneumocystis  5|pg Lungs BAL, PCR TMP-SMX
jirovecii
Penlcnllu_m HIV (Asia) Disseminated Culture Amphoterlcm B,
marneffei itraconazole

Fungal Diagnostics and Antifungal Therapy (Short Notes)



A. Fungal Diagnostics (in brief)

Method Purpose Examples
Direct Microscopy Quick detection \vaﬁitHemount, India ink (Cryptocaws), Calcofluor
Culture Definitive ID Sabouraud Dextrose Agar (SDA)

Histopathology  Tissue invasion PAS, GMS stains for hyphae
Antigen Detection Rapid, specific Galactomannan (Aspergillus), Cryptococcal antit

Molecular . oy . N
Methods High sensitivity PCR (e.g.Pneumocystis jiroveqii

Antibody . : . .
Serology detection Useful in endemic mycoses (e.g., histoplasmosis

B. Antifungal Therapy (in brief)

Drug Class Examples Mechanism Use
Polyenes Amphotericin B Binds erg Broadspectrum, I!fe
membrane leakage threatening infections
Flugonazole, Inhibits ergosterol  Candidiasis, aspergillosis
Azoles Voriconazole, . ;
synthesis cryptococcosis
Itraconazole
Echinocandins Caspofungin, I nhi-dglucan b Invasive candidiasis, somr
Micafungin synthesis aspergillosis
L Combined with
. : . Inhibits DNA/RNA -
Antimetabolites Flucytosine synthesis Amphotericin B

(Cryptococcus)

Inhibits folic acid

Others TMP-SMX (for PCP) synthesis

Pneumocystis pneumoniz
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Definition of Parasitology

Parasitology is the branch of microbiology that deals with the study of parasites, their hosts,
and relationship between them.Medical parasitology focuses on parasite of medical
importance, particulary those whicfiext humans, cause disease, and reuire clinical
diagnosis, treatment and preventions.

Key Terms
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Parasite An organism that lives on or inside a host and derives nutrients at
the hostds expense.

Host: The organism that harbors the parasite.

Definitive Host: The host in which the parasite reaches sexual maturity.
Intermediate Host The host in which the parasite undergoes asexual
development.

Reservoir Host Animals that harbor the same species of parasite as humans
and can serve as a source of infection.

Vector: An organism (usually an arthropod) that transmits the parasite to the
host.

Zoonosis Diseases of animals that can be transmitted to humans.

Classification of Parasites

1. Protozoa (Singlecelled organisms)

Protozoaare singlecelled eukaryotic micrmrganisms that often live in water or moist
environments. They can reproduce sexually or asexually and move using structures like
flagella, cilia, or pseudopodia. Some protozoa amaedical importancebecause they cause
serious diseases in humans.

Examples:
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Plasmodiunspp.i causemalaria

Entamoeba histolytica causesamoebic dysentery

Giardia lambliai causegiardiasis

Trypanosoma brucédi causegfrican sleeping sickness
Leishmania donovarii causewvisceral leishmaniasis (kalaazar)

Plasmodium.



Girdia lambria.

3. Helminths (Worms)
Helminths are parasitic worms that infect humans and cause various diseases. They are

classified into three main groups:

1. Nematodes (roundworms) e.g.,Ascaris lumbricoideg¢causes ascariasis)

2. Trematodes (flukes)i e.g.,Schistosoma haematobiufoauses urinary
schistosomiasis)

3. Cestodes (tapewormsj) e.g.,Taenia soliun{causes taeniasis and cysticercosis)

These parasites can cause malnutrition, organ damage, and other complications depending on
their type and site of infeicin.

Ascaris lumbricoides

& www.notesfoarbiology.com



Schistosoma haematobiuifBlood Fluke)

Description: A trematode responsible for urinary schistosomiasis. The eggs have a
characteristic terminal spine.

Taenia solium(Pork Tapeworm)

Description: A cestode causing taeniasis and cysticercosiss@tiex has four suckers and a
double row of hooks.

3. Ectoparasites



Ectoparasitesare organisms that live on the external surface of the host and derive nutrients
by feeding on blood or skin. They can cause irritation, allergic reactions, and transmit
diseases.

Examples of medical importance:

1. Lice (Pediculus humanus capitjsi causes head lice infestation and can transmit
typhus.

Fleas Kenopsylla cheopisi transmit plagueYersinia pestis

Ticks (Ixodesspp.)i transmit Lyme disease and tiblorne encghalitis.

Mites (Sarcoptes scabigi cause scabies, a skin infection marked by intense itching.
Mosquitoes Anopheles Aede3 i vectors of malaria, dengue, Zika, and yellow fever.

abrwn

These parasites are significant in public health due to their role irsdis@asmission.

Head Louse Pediculus humanus capitis

Description: A parasitic insect that infests human hair and feeds on blood, causing itching
and discomfort.



Oriental Rat Flea (Xenopsylla cheopis

Description: A flea species known for transmittjqplague and murine typhus. It primarily
infests rodents but can bite humans.

Blacklegged Tick (xodes scapulariy

Description: A tick species that can transmit Lyme disease and othebdicie illnesses to
humans.



Fro. 8, —TropProan Rat-Frea,

Lenogeplia eheople, mabe, X 3 largely respoonible for the spread of plagoe

Human Itch Mite (Sarcoptes scabigi

Description: A microscopic mite that burrows into the skin, causing scabies, characterized by
intense itching and a rash.

Types of Parasitism

Obligate Parasites Must live in a host to survive (e.@lasmodiunspp.).
Facultative Parasites Can live ndependently or as parasites.
Endoparasites Live inside the body of the host.

Ectoparasites Live on the body surface of the host.
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Life Cycle of Parasites
Parasites can have:
A Direct Life Cycle: Only one host (e.gEnterobius vermicularjs

A Indirect Life C ycle: Involves one or more intermediate hosts (e.g.,
Plasmodiumnvolves mosquito and human)



Transmission of Parasites

FecalOral Route: Through contaminated food or water (eG@jardia, Entamoeba
Vector-Borne: By insect vectors (e.g2lasmodiunvia Anophelesmosquito)
Direct Contact: Skin penetration (e.gSchistosoma

Congenital Transmission From mother to fetus (e.g pxoplasma gondii

Blood Transfusion/Organ Transplant e.g., Trypanosoma cruzi

arwnE

Pathogenesis of Parasitic Diseases

Parasitic infeabns can cause disease by:

Tissue invasion and destructiore.g.,Entamoeba histolytican liver abscess.
Mechanical obstruction (e.g.,Ascarisin the intestine,leading to bleeding.
Toxin release or immune modulatiore.g.,Plasmodiuntausing anemia.
Nutriti onal deprivation e.g.,Diphyllobothrium latuncauses vitamin B12
deficiency.
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Immune Response to Parasites

A Innate Immunity : Skin barrier, macrophages, eosinophils

A Adaptive Immunity : Antibody production (IgE, IgG), -Eell mediated
responses

A Immune Evasion Many parasites evade immunity by antigenic variation,
hiding in immuneprivileged sites, or modulating host response.

Diagnosis of Parasitic Infections

=

Microscopy: Stool, blood, tissue samples

2. Serology Antibody or antigen detection (e.g., ELISA)

3. Molecular Methods. PCR for species identificationthrough assessing the genetic
make up of the parasite.

Imaging: Ultrasound, CT/MRI (e.qg., in cysticercosis, hydatid disease)

Biopsy: For tissuedwelling parasites

ok

Treatment of Parasitic Diseases

Antiparasitic Drugs:

A Metronidazolgfor protozoa likeGiardia)

A Albendazoldfor helminths)

A Praziquantelfor trematodes and cestodes)

A Artemisininbased combination therapies (ACT®r malaria)



Prevention and Control

Sanitation and Hygiene Safe water, proper disposal of ésc

Vector Control: Insecticidetreated nets, indoor spraying

Health Education: Awareness about transmission and prevention,via eduation to the

respective communities.

4. Vaccination: In development for malaria and other parasites,rare in parasites but
vaccindion is common in viral infections and some bacteria.

5. Mass Drug Administration (MDA) : Used in endemic areas e.g., deworming

campaigns.

W

Examples of Important Human Parasites

Parasite Disease Transmission Host Diagnosis
Plagmodlum Malaria Mosquib bite Humaq, Blood smear,
falciparum mosquito RDT
E_ntamc_)eba Amoebiasis  Fecaloral Human St.00|
histolytica microscopy

Schistosoma : .__ Skin penetration in . Urine
. Schistosomias Snail, human _.
haematobium water microscopy
. . . . : Imaging,
Taenia solium Cysticercosis Undercooked pork Pig,human
serology
: . o Stool
Ascaris lumbricoides Ascariasis Fecaloral Human .
microscopy

Importance of Medical Parasitology

A Understands thieurden of parasitic diseasesespecially in tropical and
subtropical regions.

A Aids in thediagnosis, treatmentand control of infectious diseases.

A Essential impublic health planning and global disease eradication programs.

Protozoan | nfectilons

Protozoaare unicellulaeukaryotic microorganismsthat can cause a wide range of
infections in humans. These organisritem havecomplex life cyclesand may requirene
or more hoststo complete their development.

Classification of Medically Important Protozoa

Protozoa are traditionally classified based on thieide of locomotion

Group Locomotion Examples Disease

Amoebae

(Sarcodina) Pseudopodia  Entamoeba histolytica  Amoebiasis



Group Locomotion Examples Disease
Giardiasis,

Flagellates Giardia lamblig, o

: Flagella , ._ Trypanosomiasis,
(Mastigophora) Trypanosomal eishmania Leishmaniasis
Ciliates Cilia Balantidium coli Balantidiasis
(Ciliophora)
Sporozoa No locomotion PlasmodiumToxoplasma Malaria, Toxoplasmosis
(Apicomplexa) in adult form gondii, Cryptosporidium Cryptosporidiosis

Common Protozoan Infections in Humans

Amoebiasis

Overview

Amoebiasis (also called amoebic dysentery) is an infection caused pyotiozoan parasite
Entamoeba histolyticawhich primarily affects the colon, leading to diarrhea and dysentery
(Blood diarrhea), and may cause extraintestinal complications like liver abscess.

Epidemiology

A Prevalence Common in developing countries wipoor sanitation.
A Transmission Fecaloral route via ingestion of cysts in contaminated food or

water.
A High-risk groups: Travelers, institutionalized individuals,
immunocompromised patients.

Cause and Life Cycle
Causative Agent:Entamoeba histolytica

Life Cycle:

Infective stage Mature quadrinucleated cysts ingested.

Excystation: In small intestine, cysts release trophozoites.

Colonization: Trophozoites colonize the large intestine.

Multiplication : Trophozoites multiply by binary fission.

Encystation: Sometrophozoites form cysts passed in feces (diagnostic stage).
Invasion (optional): Trophozoites may invade intestinal mucosa or spread via portal
circulation to liver and other organs.
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Pathophysiology

Trophozoites adhere to colonic epithelium using lectin.

Causdissue lysisthrough cytotoxins and enzymes (e.g., cysteine proteinases).
Results irulceration, necrosis and potential perforation.

Spread to liver formamoelic liver abscessegmost common extraintestinal
complication).

I > > D



E. histolytica
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Clinical Manifestations
1 Intestinal Amoebiasis

A Diarrhea or dysentery (bloody, muessntaining stools)
A Abdominal pain, cramping, weight loss
A Tenesmus (rectal straining)
A Extraintestinal Amoebiasis
-Fever, right upper quadrant pain (liver abscess)

-Hepatomegaly
-Rarely affects lungs, brain, or skin

Investigations

Stool microscopy Cysts or trophozoites (with ingested RBCs is diagnostic)
Antigen detection ELISA or rapid tests foE. histolyticaantigens

Serology Useful in extraintestinal disease

Imaging: Ultrasound or CT for liver abscess

PCR: For speciespecific diagnosis
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Treatment

A Asymptomatic cyst passerdiloxanide furoate, Paromomycin, or
lodoquinol (luminal agents)
A Invasive intestinal disease or liver abscess



-Metronidazole (or Tinidazole) for trophozoites
-Followed by a luminal agent to eliminate cysts

A Drainage: May be needed for large or unresponsive liver abscesses
Giardiasis
General Overview
Giardiasis is an intestinal parasitic infdon caused bgiardia duodenaligalso
known asG. lambliaor G. intestinali3.It is one of the most common causes of

waterborne gastrointestinal disease worldwide.Infection occurs through ingestion of
cysts in contaminated water, food, or via persBperson contact.

Epidemiology

A Global distribution : More prevalent in developing countries with poor
_ sanitation but also present in developed countries.

A High-risk groups:

-Children in daycare centers

-Travelers to endemic areas

-Immunocompromised individuals

-Campers or hikers drinking untreated water

-

A Zoonotic potential: Infection can occur from animals like dogs, beavers, and
livestock.

Causes and Life Cycle
Causative Agent:Giardia duodenaliqa flagellated protozoan parasite)
Life Cycle:
1. Cyst stage (infedwe):
-Ingested through contaminated water or food.
-Resistant to chlorine and environmental stress.

2. Excystationin the duodenum releases trophozoites.
3. Trophozoite stage (pathogenic)

-Adheres to intestinal mucosa but does not invade.
-Multiplies via binay fission.

4. Encystationoccurs in colon.



5. Cysts excreted in fecesvhich are immediately infective.
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Pathogenesis
A Trophozoites attach to the brush border of the small intestine using a ventral
~sucking disk.
A Causesnalabsorption due to:
-Villous atrophy
-Enzyme deficiency (e.qg., disaccharidase)

-Impaired bile salt absorption

Inflammatory response is usually mild.
No tissue invasion, but significant epithelial dysfunction may occur.
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Epithelial cells
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Chronic Inflammation

Luminal Ecology ® Host Response

Clinical Manifestations

A Incubation period: 1i 3 weeks

A Asymptomatic in many individuals

A Symptomatic diseasenay present as:
Acute giardiasis

Watery, foutsmelling diarrhea
Flatulence

Abdominal cramps

Nausea

Weight loss
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Chronic giardiasis:

Intermittent diarrhea
Steatorrhea

Failure to thive (in children)
Fatsoluble vitamin deficiency
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Investigations

A Stool microscopy
-Detection of cysts or trophozoites

-Multiple samples may be needed due to intermittent shedding

Stool antigen testge.g., ELISA, DFA): More sensitive

PCR: High sensitivityand specificity

Entero-test (string test) Involves swallowing a gelatin capsule containing a
string to collect duodenal secretions

Duodenal biopsy or aspiration(rarely used)
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7. Management
First-line treatment:

A Metronidazole (250 500 mg TID for 57 days)

A Tinidazole (2 g single dose)

A Nitazoxanide (especially for children)
Alternative agents:

A Albendazole

A Furazolidone

A Paromomycin (especially in pregnancy)
Supportive care:

A Rehydration
A Nutritional support for malabsorption
Prevention:

A Avoid drinking untreated ater
A Practice good hygiene and sanitation
A Proper handwashing, especially in daycare settings

Trichomoniasis

General Overview

Trichomoniasisis asexually transmitted infection (STI) caused by thprotozoan
parasite Trichomonas vaginalidt primarily affeds theurogenital tractd especially
the vagina in women and the urethra in men lighly prevalent worldwide and
oftenasymptomatic especially in men.Classified asi@an-viral STI, it is curable
with appropriate treatment.

Epidemiology

A Global prevalence ~156 million new cases annually (WHO).
More common irwomen, especially of reproductive age.
Higher prevalence in:

-People with multiple sexual partners

A
A

-Those with other STls
-Low socioeconomic communities

A Associated with increased risk l@fV transmission, pregnancy
complications, andpelvic inflammatory disease (PID)

Causes and Life Cycle

Causative agent:



Trichomonas vaginalisaflagellated protozoan parasite
Life Cycle:

Exists only in trophozoite form (no cyst stage).
Transmitted vissexual intercairse.
Trophozoites:

-Reside in thevagina, urethra, or prostate

I >

-Multiply by binary fission.
-Can survive for hours in moist environments (e.g., damp towels).

A Infection ishuman-specificwith no intermediate host.
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Pathogenesis

The parasitadheres to ejghelial cells of the urogenital tract.
Producegytotoxins, proteolytic enzymesandpore-forming proteins that
cause:

-Destruction of epithelial cells

A
A

-Inflammation
-Disruption of the vaginal microbiota

May causenicrohemorrhagesand increasedusceptiblity to HIV .
Vaginal pH becomealkaline, favoring parasite survival.
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Clinical Manifestations

In Women:

-

A Asymptomatic in ~50% of cases

A Symptomatic casesnay show:
-Frothy,yellow-green vaginal discharge

-Foul-smelling odor
-Vulvovaginal irritation , pruritus
-Dysuria sensing pain while urinating, dyspareunia painful sexual intercourse.
-Strawberry cervix (colpitis macularis) punctate cervical hemorrhages
In Men:

-

A Often asymptomatic

A May present with:
-Urethritis (burning duringirination)
-Mild discharge

-Prostatitis or epididymitis (rare).
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Investigations

Wet mount microscopy.
-Direct observation of motile trophozoites in vaginal or urethral discharge

-Sensitivity ~60 70%

Culture: More sensitive; wuses Diamond©os
Antigen detection tests(e.g., OSOM Trichomonas Rapid Test)

Nucleic Acid Amplification Tests (NAATS):

-Highest sensitivity and specificity

-Recommended for asymptomatic screening

Pap smear May incidentally detect organism, though not reliable for
diagnosis

Managemern

First-line treatment:

A

A

Metronidazole 2 g orally, single dose
OR
Tinidazole 2 g orally, single dose

Alternative (especially in recurrent or refractory cases):

A

Metronidazole 500 mg orally twice daily for 7 days

Additional considerations:
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Malaria

Treat sexual partnes simultaneously to prevent reinfection

Avoid alcohol during and for 2472 hours after treatment (to prevent
disulfiram-like reaction)

Re-testingrecommended for women within 3 months due to high reinfection
rates

Use ofcondomshelps prevent transmission

General Overview

Malaria is a lifethreatening disease causeddgsmodiunparasites, transmitted
through the bites of infecteinophelesnosquitoes.

Species

Plasmodium falciparunimost deadly)
Plasmodium vivaxrelapses)
Plasmodium ovaléelases)
Plasmodium malariaéchronic infections)

> > >



A Plasmodium knowlegzoonotic, found in Southeast Asia)
Epidemiology

A Global Burden: Over 240 million cases annually worldwide.
A Endemic Areas SubSaharan Africa, Southeast Asia, South America.
A High-risk Groups:

-Children under 5

-Pregnant women

-Immunocompromised individuals

-Travelers to endemic regions

Causes and Transmission
A Causative Agent Plasmodiumnspecies (protozoa).
A Vector: FemaleAnophelesnosquito.
A Transmission
-Mosquito bite
-Blood transfusion
-Organ transplant

-Congenital (mother to fetus)

-Contaminated needles

Life Cycle of Plasmodium
1. Sporozoite StaggMosquito to Human):Mosquito injects sporozoites into
bloodstream.
2. Liver Stage (Exoerythrocytic phase):Sporozoites enter hepatocytes, mature into
schizonts, release merozoites.
3. Blood Stage(Erythrocytic phase):

-Merozoites infect RBCs Y trophozoites
merozoites.

-Some trophozoites develop irgametocytes
4. Mosquito Stage
-Mosquito ingests gametocytes during a blood meal.

-Gametes fuse in the mosquitozsitges Y
migrate to salivary glands.
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Clinical Manifestations

A Uncomplicated malaria:

A Fever (often cyclical), chills, sweating

A Headache, nausea, vomiting

A Myalgia, fatigue
Severe/Complicated malarig(P. falciparun):



Cerebral malaria (confusion, comajzires)
Severe anemia

Acute respiratory distress syndrome (ARDS)
Renal failure

Hypoglycemia

Shock and multorgan failure

P2

Investigations

A

Microscopy:
-Thick and thin blood smears (Giemstained)

-Gold standard for diagnosis and species identification

Rapid Diagnostic Tests (RDTsPetectPlasmodiumantigens (e.g., HRP2 for

P. falciparum

PCR (polymerase chain reaction):High sensitivity and specificity (research or
reference labs)

Other labs:

-CBC: Anemia, thrombocytopenia

-LFTs: Elevated bilirubin

-RFTs: Qeatinine elevated in severe disease

-Glucose: May be low (especially in children)

Management

A. Uncomplicated Malaria

A

A

First-line treatment (depends on species and region):

-P. falciparum Artemisininbased combination therapy (ACT) e.qg.,
Artemether-lumefantrine

-P. vivax/ovale ACT + primaquine (to eliminate hypnozoites)

Supportive care Antipyretics, fluids

B. Severe Malaria

A
A

Hospitalization and intensive care
IV antimalarials :
-1V artesunate (preferred)

-If unavailable: IV quinine

1 Supportive treatment:

-Manage hypoglycemia, seizures, renal failure

-Blood transfusion for severe anemia



-Mechanical ventilation if ARDS develops
C. Prevention
A Chemoprophylaxis (for travelers):Atovaquonrproguanil, doxycycline,
_ mefloquine
A Vector control:
-Insecticidetreated net (ITNS)
-Indoor residual spraying (IRS)
A Vaccination:RTS,S/AS01 (Mosquirixj WHO-approved foP. falciparumin

endemic regions

Toxoplasmosis.
General Overview
Toxoplasmosisis a parasitic disease caused by the protoZoanplasma gondiilt can
infecthumans and animals and is ofterasymptomaticin immunocompetent
individuals.However, it may causevere disease in immunocompromised persgns
congenitally infected infants and duringpregnancy.
Epidemiology
A Worldwide distribution ; affects approximatelgne-third of the global
_ population.
A Higher prevalencein:
-Tropical and humid climates
-Areas withhigh raw meat consumption
-Regions withpoor sanitation and hygiene

A Transmission isommon in cats the definitive host, anderbivores, the
intermediate host
Causes and Life Cycle
Causative Agent:Toxoplasma gondjianobligate intracellular protozoan.
Life Cycle:
1. Definitive Host: Felines(e.g., domestic cats)

-Sexual reproduction occurs in timtestinal epithelium of cats.

-Oocysts are shed feces becomeanfective in soil/water afterib days.



2. Intermediate Hosts Humans and other waniblooded animals
Infection occurs via:

Ingestion of oocystfrom contaminated food/water/soil
Consumption of undercooked meatontaining tissue cysts
Transplacental transmisson (congenital toxoplasmosis)
Organ transplantation or blood transfusion

A Accidental inoculation in laboratory workers
3. Stages in Humans

> D D

A Tachyzoites rapidly multiplying; cause acute infection
A Bradyzoites slowly multiplying; formtissue cystgchronic phas)
A Oocysts shed only by cats

Tissue cyst

Tissue cyst

Tachyzoite \g

Smluﬁl;q
oocyst(g;

Pathogenesis
A Tachyzoitesdisseminate vitymphatic and hematogenous routes
A Invadenucleated cells especially:

-Brain

-Eyes (retina)

-Skeletal muscle

-Heart

Inducecell lysis and inflammation

In immunocompetent individuals astrong immune responseonverts
tachyzoites intdatent bradyzoites
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A

In immunosuppressed individualsreactivation of bradyzoites can lead to
severe disease

Clinical Manifestations

A. Immunocompetent Individuals:

A
A

Oftenasynptomatic
Mild flu -like symptoms
-Fever

-Lymphadenopathy (especially cervical)

-Fatigue and myalgia

B. Immunocompromised Patients (e.g., HIV/AIDS, transplant recipients):

Reactivation of latent infection
Toxoplasmic encephalitis
-Headache

-Confusion

-Seiares

-Focal neurologic deficits

C. Congenital Toxoplasmosis:

A

Severity depends agestational age
-Early infection: severe damage or miscarriage

-Later infection: chorioretinitis, hydrocephalus, intracranial calcifications

-May present later witkisual and cognitive impairment



D. Ocular Toxoplasmosis:
A Often due taongenital infection
A Presents with:
-Retinochoroiditis

-Decreased vision

-Pain and redness in the eye

Investigations
A. Serology:

A IgM antibodies: recent infection

A 1gG antibodies: past exposure

A Avidity testing: distinguishes recent vs. old infection in pregnancy
B. Molecular Testing:

A PCR on blood, amniotic fluid, or CSF
A Used incongenital infectionsandCNS toxoplasmosis
C. Imaging:

A CT/MRI brain in CNS toxoplasmosis:Multipleng -enhancing lesions
especially in basal ganglia
D. Histology:

A Tissue biopsy demonstration of tachyzoites or bradyzoites
Management

A. Immunocompetent individuals:
Usuallyno treatment neededunless severe
B. Symptomatic or Severe Cases:

A Pyrimethamine + sulfadiazine + folinc acid (leucovorin)
-Pyrimethamine: inhibits folic acid metabolism

-Sulfadiazine: sulfonamide antibiotic
-Folinic acid: prevents bone marrow suppression
C. Alternatives:
A Clindamycin (if sulfa allergy)

A TMP-SMX (for prophylaxis)
D. Prophylaxis:



In HIV patierts withCD4 <100/mm3andpositive IgG:TMP -SMX (Trimethoprim
sulfamethoxazole)

E. Congenital Toxoplasmosis:

A Spiramycin in pregnancy (prevents transmission)
A Pyrimethamine-sulfadiazine-folinic acid after birth

Key Points to Remember

A Catsare the definitive hsts; oocysts from cat feces are highly infectious.
A Congenital infectionis preventable with prenatal screening.

A Toxoplasmic encephalitigs a life-threatening condition in AIDS patients.
A Prophylaxis is essential in highisk groups.

Leishmaniasis

Overview

Leishmaniasisis a vecteborne disease caused by protozoan parasited efsteangenus,
transmitted through the bite of infected female sandflies. It occurs in three main forms:
cutaneous causing skin ulcemsucocutaneous affecting the nose antuth; andrisceral

(kala-azar), which is the most severe and affects internal organs like the liver, spleen, and bone
marrow. The disease is common in tropical and subtropical regions, and symptoms depend on
the form but may include fever, weight ldss,lesions, and organ enlargement. Diagnosis is
made by identifying parasites in tissue samples, and treatment involves antiparasitic drugs like
amphotericin B or miltefosine.

Kala Aza means black fever,a kind of visceral Leishmaniasis affects internal
organs especially spleen,liver bone marrow and it is the most severe form.

Epidemiology

A Global Burden:
-Found in oveB8 countries(tropical, subtropical, and southern Europe).

-Endemic regions:South America, Africa (especially Sudan, Ethiopia),
Middle East South Asia (India, Nepal), and parts of southern Europe.

A At-risk populations: People in rural areas, those with poor housing or
sanitation, and immunocompromised individuals (e.g., HIV patients).
A Annual Cases:
-Visceral: ~50,00090,000 cases/year.

-Cutareous: ~600,00Q,000,000 casesl/year.

Causes and Life Cycle

Causative Agents:



A Protozoan parasites from the gehesshmania
-L. donovanii visceral leishmaniasis (India, Africa)

-L. tropica L. majori cutaneous leishmaniasis

-L. braziliensisi mucocutaneas form

Life Cycle:
1. Sandfly bitesh u ma n Y pronmgtigotes(isfective stage) into skin.
2. Promastigotes afghagocytosed by macrophage¥ t r a n s farastigotes nt o
3. Amastigotes multiply within cells Y cause
4. Infected macrophages are ingebkby another sandfly during a blood meal.
5.1 n sandfly gut Y amastigotes transform in

proboscis.

Sandfly Stages Human Stages
|
o Sf?f&'iﬁimgf . e Promastigotes are

phagocytized by
macrophages
or other types
of mononuclear
phagocytic cells

into the skin)

e Divide in the gut and /
migrate to proboscis

\%5/

Amastigotes transform into
o promastigote stage in the gut

Promasugotes transform
into amastigotes

Amastigetes multiply in celis
of various tissues and infect

V other cells

Sandfly takes a blood meal ’

e Ingesnon of
parasitized cell

(ingests macrophages infected
with amastigotes)

A= Infective Stage

A= Oiagnoshc Slage SAFERMEALTMIEN - FEOPLE
Pathogenesis
A Cutaneous:Local i zed infection of macrophage
~graul omatous inflammation Y skin ulcera
A Mucocutaneous: Spread from cutaneous | esion 1t
~destruction of cartilage and soft tissue.
A VisceraiPar asites invade reticuloendothel:

bone marrow suipeukemesa. on Y anem



Lysis Parasite Replication

Signs and Symptoms
Cutaneous Leishmaniasis:

A Painless skin ulcers at site of sandfly bite

A Lesions may heal spontaneously but leave scars
Mucocutaneous Leishmaniasis:

A Nasal stuffinessiosebleeds

A Ul ceration of nasal/ or al mucosa Y disf
Visceral Leishmaniasis (Kalaazar):

Fever irregular, prolonged.

Weight loss

Massive splenomegaly

Hepatomegaly

Pancytopenia (anemia, leukopenia, thrombocytopenia)
Hypergammaglobulinemia

Investigations

I I > >

Laboratory Diagnosis:



Microscopy: Amastigotes (LeishmaBonovan bodies) in tissue smears
(spleen, bone marrow, lymph node)

Culture: NNN medium (NovyMacNeal Nicolle)

Serology: rk39 antigerbased rapid diagnostic test (RDT), ELISA, IFA
Molecular: PCR for speciegentification

Montenegro Skin Test (Leishmanin test):

-Positive in cutaneous and mucocutaneous forms
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-Negative in early visceral leishmaniasis

Management
Pharmacological Treatment:

A First-line drugs:
-Sodium stibogluconate (SSGj antimonial compound

-Amphotericin B (liposomal form preferred) especially in resistant visceral
cases

A Other agents:
-Miltefosine (oral) i first oral drug for visceral leishmaniasis

-Paromomycini aminoglycoside
-Pentamidine’i alternative for antimonyesistant cases
Supportive Care:

A Treat anemia and malnutrition
A Management of secondary infections
Prevention & Control:

Vector control (insecticide spraying, bed nets)

Control of animal reservoirs (e.g., dogs)

Personal protection (repellents, clothing)

Health education in endemic asea

Vaccine development is ongoing (no approved vaccine yet)

Trypanosomiasis
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General Overview

Trypanosomiasis, also known as sleeping sickness in humans or nagana in animals, is a parasitic
disease causedTiypanosospeecies transmitted primarily by getge fly, leading to fever,

neurological symptoms, and potentially death if untreated.

The disease is classified iinto two major groups.



1. African Trypanosomiasis (Sleeping Sicknesg) caused byrypanosoma
bruceispecies.

2. American Trypanosomiasis (Chaga®isease) caused byrypanosoma
cruzi.

Epidemiology

A African Trypanosomiasis:
-Endemic to suisaharan Africa.

-Transmitted by thésetse fly (Glossina spp.)
-Two subspecies:

. gambiensé West and Central Africa (chronic form).

A T.
A . rhodesiensk East and Southern Africa (acute form).

T.

O T

A American Trypanosomiasis (Chagas Disease):
-Endemic to Latin America.

-Transmitted byf'riatomine bugs (kissing bugs).

-Increasingly reported in neendemic countries due to migration.

Causes and Life Cycle
Causative Agents:

A Trypanosoma brucei gambiense
A Trypanosoma brucei rhodesiense
A Trypanosoma cruzi

Life Cycle:

African Trypanosomiasis:

Tsetse fly bites and injectsetacyclic trypomastigotesinto host.

Parasites multiply extracellularly in blood, lymph, and cerebrasind.

Tsetse fly ingestbloodstream trypomastigotesduring feeding.

Parasites transform and multiply in the
Cycle repeats with a new bite.

abrwnE

American Trypanosomiasis:

Triatomine bug defecates trypomastigotes near loten.

Parasites enter through mucous membranes or skin breaks.
Transform intoamastigotesin host tissues (e.g., heart, Gl tract).
Multiply and rupture cells, transforming into trypomastigotes in blood.
Bugs ingest parasites during a blood meal.

arwnE



6. Multiply and mature in the gut of the bug.

Fly Host
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Pathogenesis
African Trypanosomiasis:

A Parasites evade immunity \aatigenic variation.
A Initial hemolymphatic stage fever, lymphadenopathy.

A Progression toneningoencephalitic stageCNS invasion, Isep disturbances,
neurological signs.

American Trypanosomiasis:

A Acute phaselocal inflammation at site of entry (chagoma), leads to
parasitemia.

A Chronic phaseémmune-mediated damageo heart, esophagus, colon
(megasyndromes).

Persistent infection causeardiomyopathy, arrhythmias, and digestive
disorders.
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TRENDS in Parasitology

Signs and Symptoms



African Trypanosomiasis:

A

Early Stage (Hemolymphatic):
-Fever, headaches, joint pain.

-Lymphadenopat hy (iWoserioreenical)t t o més s
-Pruritus, rash.

Late Stage (CNS):
-Confusion, ataxia, sleep disturbances.

-Personality changes, coma, and death if untreated.

American Trypanosomiasis:

A

Acute Phase:
-Fever, malaise, lymphadenopathy.

-Chagomaor Romana's sign(periorbitalswelling).

Chronic Phase:
-Heart failure, arrhythmias.

-Megaesophagus, megacolon.

-Stroke, thromboembolism.

Investigations

African Trypanosomiasis:

A

A
A

Microscopy:Detection of trypomastigotes in blood, lymph node aspirate, or
CSF.

Serology Especially forT. b. gambiensécard agglutination test).

Lumbar puncture: To assess CNS involvement CSF analysis for WBCs and
parasites.

American Trypanosomiasis:

A
A

A
A

Acute PhaseMicroscopy: Trypomastigotes in blood.
Chronic Phase
-Serological testsELISA, IFA, rapid diagnost tests.

-PCR: For confirmation.

Cardiac assessmenteCG, echocardiography.
Gl imaging: Barium studies for megasyndromes.

Management

African Trypanosomiasis:

gn



A Early-stage treatment:
-T. b. gambiensd?entamidine

-T. b. rhodesiens&uramin.

A Late-stage (CN5 involvement):
-T. b. gambienseNifurtimox -eflornithine combination therapy (NECT).

-T. b. rhodesienséMelarsoprol (highly toxic, arsenic derivative).
American Trypanosomiasis:

A Antiparasitic drugs:
-Benznidazole(first-line).

-Nifurtimox (alternative).

A Supportive treatment:
-Management of cardiac complications (e.g., pacemakers, heart failure
treatment).

-Surgical interventions for megasyndromes.

A Prevention: Vector control, blood screening, housing improvements.

Cryptosporidiosis,
Overview.

Cryptosporidosis is gorotozoan parasitic diseaseaused primarily b ryptosporidium
parvumandCryptosporidium hominidt primarily affects the gastrointestinal tract, leading to
watery diarrhea, and is a major cause of diarrheal disease worldwide, especially in
immunocompromised individuals

EPIDEMIOLOGY.
Epidemiology of Cryptosporidiosis:

Cryptosporidiosis is a globally distributed parasitic disease caused mainly by
Cryptosporidium hominiandCryptosporidium parvumit is transmitted primarily via the
fecatoralroute, through ingestion of contaminated water, food, or direct contact with
infected individuals or animals.

A Prevalence:The global prevalence varies by region, ranging frod?4 in
developed countries td 50% or higher in developing nations. In children
under five in lowincome settings, it is a significant cause of modei@te
severe diarrhea.

A Morbidity: Cryptosporidiosis causes séthiting diarrhea in
immunocompetent individuals but leads to chronic;tlfieeatening diarrhea in



immunocompromised pants, particularly those with HIV/AIDS. It is also
associated with malnutrition and growth retardation in children.

Mortality: While mortality is low in healthy individuals, it can be high among
immunocompromised populations. GlobalGryptosporidiunis one of the

top causes of diarrhealated death in children under five, especially in-sub
Saharan Africa and South Asia.

Risk Factors: Key risk factors include poor sanitation, contaminated drinking
or recreational water, contact with infected animalsydead living

conditions, HIV/AIDS, and malnutrition in children.

Seasonal trends are common, with increased incidence during rainy seasons in tropical
regions and summer months in temperate areas due to higher exposure to contaminated water

sources.

Etiological Agent

Genus: Cryptosporidium

Common species infecting humans:

-Cryptosporidium hominigprimarily human host)
-Cryptosporidium parvunfinfects humans and animals)

-Other specie<C. meleagridisC. felis C. canis C. muris(less common)

Morphology
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Oocyst:
-Spherical or ovoid, 46 um in diameter

-Contains 4 sporozoites

Acid-fast positive (seen in modified ZieNleelsen stain)

-Infective stage for humans

SporozoiteReleased in the host intestine, invades epithelial cells

Trophozoite, Meront (schizont),and Gamontsdevelop intracellularly but
extracytoplasmically (within parasitophorous vacuole)

Here is a photomicrograph©fyptosporidioatysts stained using a modified
cold Kinyoun acifiast technique. In this image, the oocysts appear red,
disinguishing them from neacidfast organisms like yeast cells, which stain






