Microbiology Final Exam Notes

VIRUSES AND VIRUS INFECTIONS

General Characteristics
· Grow only in living cells
· Have either DNA or RNA… never both
· Do not divide 
· Require living cells for growth and replication
· Multiply by separate synthesis 

Basic Components
1) Nucleic acid core
a. Carries the genetic code… infectious
2) Protein coat
a. Protects the core
b. Carriers the antigen
3) Surface antigens
a. Protein or CHO
b. Highly variable

Replication
1) Adsorption
a. Viruses can adsorb receptors on cell surface
2) Penetration and uncoating
a. Viruses enter the cell and protein coat is lost… nucleic acid released
b. Cell = undetectable 
3) Synthesis of nucleic acid and protein
a. Viral nucleic acid redirects the cell metabolism to produce viral protein and nucleic acid
4) Assembly-maturation
a. Viral components are assembled to form mature virus particles… infective
5) Release
a. Newly formed virus particles are released by lysis (destruction) of cell
b. OR… budding through cell membrane 

Viral Diagnosis
· 2 main approaches…
· Detect the clinical specimen
· Detect the immune response… detection of antibodies in patient’s blood

Detection in Clinical Specimen
1) Visualization by electron microscopy
2) Cell culture
a. Cytopathic effects
b. Hemagglutination (agglutinate RBCs added to cell culture)
c. Immunofluorescence
3) Immunological methods
a. Direct detection of viral antigen




Detection of Patient’s Immune Response
· Immunity tests… presence or absence of antibody against virus
· Diagnostic tests… rise in antibody titer against a given virus = evidence that virus has caused a viral illness  

Viruses Causing Disease in Humans

RESPIRATORY VIRUSES

	
	About
	Prevention

	Influenza Viruses
	- Type A (major epidemics)
- Type B (mild)
- Produce haemagglutinin
- Infants and elderly are most sensitive
- 2 blood samples (paired sera) taken to see if there’s an increase in titer of antibodies
	- Annual vaccine 
- Antiviral drugs… only active against type A

	Parainfluenza Viruses
	- Infants and young children
- Serious complications… croup, bronchiolitis
	- No vaccine

	Respiratory Syncytial Viruses
	- Children under 2 
- May be fatal
	- No vaccine

	Rhinoviruses
	- Common cold
- Repeated infections are common
	

	Adenoviruses
	- Most common in children
- Asymptomatic
- Causes pneumonia in infants
	- Vaccine used in army



NB Influenza Viruses: greater disease risk if under 25 and older than 65… some people with risk of complication = pregnant, asthma, diabetes, immune suppression, heart disease, and kidney disease

H1N1 2009 Vaccine
· Adjuvant vaccine: substance added to the vaccine to increase body’s immune response to the vaccine
· Decrease amount of vaccine protein per dose

Cold vs. Flu

	
	Flu
	Cold

	Onset of illness
	Sudden
	Slow

	Fever
	High
	Mild to no fever

	Exhaustion level
	Severe
	Mild

	Head
	Achy
	Headache-free

	Appetite
	Decreased
	Normal

	Muscles
	Achy
	Normal

	Chills?
	Yes
	No






Lab Diagnosis of Respiratory Viruses
1) Detection of virus
a. Fastest approach = direct detection of viral antigen
b. Clinical specimens 
c. Chances of detecting virus decrease after few days of infection
2) Serological Diagnosis
a. Less useful
· Importance of rapid lab diagnosis = 
· Public health measures
· Management of patients

ENTERIC VIRUSES

· Multiply mainly in GI tract, but can reach other organs by viremia (virus in blood)
· Infection acquired through GI and respiratory tract… infects intestinal/lymphoid cells
· About 95% of cases = inapparent infections

	
	About
	Diagnosis
	Epidemiology
	Prevention

	Poliovirus
	- Humans are the only natural host
- 3 types (T1, T2, T3)
- Causes poliomyelitis 
	- Isolation… stool samples, CSF
- Serology… acute (immediately after onset) and convalescent (2-3 weeks later)
	- Most important factor for spread of disease… # of inapparent infections
	- VACCINE
- Salk vaccine… inactivated vaccine, does not produce local immunity in GI tract
- Sabine vaccine… most common, live attenuated, host produces IgA and IgG (local immunity)

	Coxsackleviruses
	- Group A (asepetic meningitis)
- Group B (minor respiratory illness)

	- Stool sample
- Paired sera (acute and convalescent)
	- Seasonal… summer and fall
	- No vaccine

	Echoviruses
	- Enteric Cytopathogenic Human Orphan Disease
- Minor respiratory illness
	- Stool sample
- Paired sera
	
	- No vaccine









VIRUSES CAUSING DIARRHEA

	
	Clinical
	Diagnosis
	Prevention

	Rotavirus
	- Epidemics in infants
- Small intestine… loss of fluids and electrolytes
- 2-3 days incubation
- Outbreaks in daycares 
	- Electron microscopy
- Immunological testing in stool samples (2-3 days)
	- Proper hand-washing

	Norovirus
	- Gastroenteritis in older children and adults
- Contagious
- Fecal/oral route of transmission
- Food borne outbreaks
	- First exclude bacterial cause… then can be differentiated from bacterial gastroenteritis
	- No vaccine
- Proper hand-washing
- Isolation

	Adenoviruses
	- Also a respiratory virus
- Young children
	- Electron microscopy
	

	Calci-and Astro-viruses
	- Sporadic
- Children
- Fecal-oral transmission
	- Electron microscopy
	- Proper hand-washing



VIRUSES CAUSING RASHES

- Humans are the only reservoirs
- Highly contagious

	
	Clinical
	Diagnosis
	Prevention

	Measles
	- Highest infectivity rate
- Lifelong immunity after natural infection
- Full body rash
	- Serology… detect who is immune
- Confirmation of suspected cases… IgM antibody in blood, rising IgG antibody titer in paired blood
	- Immunoglobin… suppress disease (5 days of contact)
- Live attenuated vaccine… effective, given after 1 years old (MMR vaccine)

	Rubella
	- Dangerous for non-immune pregnant women
- Lifelong immunity after natural infection
- Most cases = 15+ years old
	- Lab diagnosis = serological
- Suspected cases… detect IgM or increase in antibody titer
- Immunity status… detect circulating rubella antigen (igG)
	- Vaccination for the non-immune
- Rubella serology screening 

	Varicella (Chickenpox)
	- Herpes family
- Crop of fresh vesicles 3-4 days after onset
- Non-immune adults
- Can be transmitted to newborns if infection is near end of pregnancy
	- Identify virus particles in vesicles
- Electron microscopy
- Immuno methods
	- Vaccine

	Herpes Simplex
	- Become latent after initial infection
- Type 1 (cold sores)… oral and resp. secretions
- Type 2 (herpes genitals)
	- Electron microscopy
- Immuno methods
- Cell cultures
	- Antivirals
- No vaccine

	Papilloma Virus
	- Warts
- Common warts (hands and feet)
- Genital warts (sexual transmission)… associated with cancer
	- Immuno techniques
- DNA hybridization techniques
	- Vaccine (Gardasil) 
- PAP smears



Herpes Simplex Clinical Forms
- Genital infection… both sexes
- Herpetic Encephalitis… rare, CNS
- Neonatal Herpes… acquired during birth from asymptomatic mother, can result in death
- Herpetic Whitlow… Nosocomial infection in neonates
- Corneal and Conjunctival… ulcers and blindness 

VIRUSES CAUSING GLANDULAR ENLARGEMENTS

Mumps
- Childhood disease
- Inflammation of parotid gland

Complications = meningitis, orchitis, and ovaritis 
Epidemiology = spread by saliva and respiratory secretions
Prevention = MMR vaccine

Infectious Mononucleosis 
- Children and young adults
- Transmission by saliva (kissing disease)

Symptoms = fever, sore throat, atypical lymphocytes, enlargement of liver and spleen
The Virus… latent, chronic disease (rare), symptomatic shedding (common)
Diagnosis = blood picture and monospot test
** no vaccine ** 

Cytomegalovirus (CMV)
- Asymptomatic and latent
- Dangerous for pregnant women, immunocompromised, and transplant patients
- Infection during pregnancy… neonatal infections (jaundice, enlarged liver and spleen, mental retardation, and motor disorders)
- Transplant patients… transplant rejection
- Immunocompromised patients… frequent infection 

Diagnosis = isolation of virus (slow but accurate), CMV antigen detection (faster), and serology screening
Treatment = antivirals
Prevention = match CMV immune status between donor and recipient in transplants 
** no vaccine ** 

HEPATITIS VIRUSES

- Hepatitis = inflammation of the liver
- Hep A and B are most common
- Hep C, E, and G are less common
- Other viruses and bacteria can cause Hepatitis as a complication of an infection
Diagnosis = serological

	
	Epidemiology
	Diagnosis
	Prevention

	Hepatitis A
	- Sporadic
- Children and young adults
- Fecal-oral transmission
- Life long immunity
	- Suspected cases… detect IgM
- Immunity… detect IgG
	- Vaccine 

	Hepatitis B
	- More severe than Hep A
- Chronic 
- Contaminated blood/blood products, saliva, urine, and semen
	- Blood test for Hep B surface antigens
- Antibodies are produced after onset of symptoms
	- Proper handling of needles
- Screening
- Vaccine

	Hepatitis C
	- Blood and sexual transmission
- Mild… can cause chronic
	- Serological screening test
	- Proper handling of needles
- Screening
- Vaccine
- Recombinant interferon
- Ribavirin 

	Hepatitis Delta Agent
	- Incubation 15-64 days
- Transmitted blood and sexually
- Viroid type agent… relies on Hep B presence for replication in cells
	- Serological screening test
	- Vaccine against Hep B


	Hepatitis E
	- Transmission via fecal-oral 
- Incubation 15-50 days
	
	

	Hepatitis G
	- Incubation 14-180 days
- Blood and sexual transmission
- Can cause chronic hepatitis
	- Detection of viral DA by PCR
	

	Yellow Fever Virus
	- Transmitted by mosquito 
	
	- Live attenuated vaccine for travellers



VIRUSES AFFECTING THE CNS

Clinical Manifestations

	
	About

	Aseptic Meningitis
	- Meningeal inflammation
- Increase lymphocytes in CSF
- Absence of cultivable bacteria or fungi

	Encephalitis
	- Seizures
- Paralysis
- Altered consciousness

	Meningo-encephalitis
	- Meningeal and encephalitis manifestations

	Poliomyelitis
	- Selective destruction of anterior horn motor cells in spinal cord and brain
- Weakness or complete paralysis of muscle group

	Slow Virus Infection
	- Slow but progressive
- Severe 
- Irreversible



General Diagnosis
**Always first exclude possibility of bacterial of fungal infection**

Lumbar Puncture: needed in all CNS infections… 4 tubes of CSF are needed (CSF biochemistry, direct gram stain, detection of bacterial antigens, and viral cultures)
Other Specimens: blood for blood cultures… urine for antigen detection… throat swabs… stool or rectal swabs

CNS Viruses with a Human Reservoir
- Usually an extension of a primary infection in another organ

1) Mumps… aseptic meningitis in children
2) Enteroviruses… aseptic meningitis in infants
3) HSV Type 1… rare cause of herpetic encephalitis in adults
4) HSV Type 2… rare cause of meningo-encephalitis in neonate
5) Other… rare cause of CNS infection as a complication of the primary disease
** Vaccine for mumps, measles, and polio**

CNS Viruses with Animal Reservoirs
- Rare… humans are accidental or dead-end hosts

1) Arboviruses
a. Tropical rainforest areas
b. Wild animal reservoirs
c. Transmitted to man through insect bites (West Nile)
d. Eliminating vectors = easiest prevention
2) Rabies Virus
a. Fatal
b. Acute encephalitis
c. Transmitted by saliva
d. Active and passive immunization
e. Prevention = vaccination of wild life and pets

HIV AND AIDS
**HIV = human immunodeficiency virus
**AIDS = acquired immunodeficiency syndrome

- Severe immunosuppressive condition
- Fatal
- HIV causes depletion of helper T cells… makes the host very susceptible to other infections

HIV

Inactivation
- Virus is within living cells

Transmission
- Sexual
- Blood to blood
- Organ transplants
- Sperm donation

Pathogenesis
- Cytocidal… causes death to helper T4 cells
- AIDS develops from decreased immune system

Clinical
- Incubation = 6 months to several years
- Complex disease… progress to AIDS

Diagnosis
- Serology
- Isolation of virus from blood, plasma, semen, cervical, and vaginal secretions

Prevention
- Screening
- Sexual education
- Education of drug users
- Heat inactivation of plasma for hemophilia patients 
** no vaccine yet

Treatment
- Most effective = drugs… protease inhibitor (stops viral maturation) and reverse transcriptase (stops viral replication)
- Treatment and prevention in developing counties is very difficult

NOSOCOMIAL (HOSPITAL-ACQUIRED) INFECTIONS

Hospital acquired infection: an infection, which is not present at the time of admission 
- Most common infections…
	- UTI
	- Respiratory
	- Wound
	- Skin
	- Soft tissue
	- Bacteria in bloodstream

Non-preventable infections: stuff you can’t control (immunodeficient patient)
Preventable: faulty medical or nursing techniques (bad hand-washing, leaving stuff inside patient, and hygiene)

Epidemiology of Nosocomial Infections
1) Environment (where microorganism multiply)
2) Person-to-person
a. Endogenous = patients own flora
b. Exogenous = outside the patient
3) Inanimate Environment
a. Food supply
b. Air supply
c. Fomites (germs, parasites)
d. Vector
e. Water supply

Obvious Problems
- Medical activities can cause problems (IV, catheters)
- 3 factors that influence transmission of nosocomial infection…
	- Source
	- Route
	- Host

Chain of Infection
- Source: location where microorganism replicates
- Route of transmission: microorganism leave source to get to host
- Host: individual infected with a microorganism carried from a source via one of the routes of transmission… organism must be able to exit and enter host through one of the routes of transmission

Control Over Nosocomial
- Chain of infection must be prevented
- Hospital infection control plans are put in place to…
	- Prevent microorganism from leaving the source
	- Interfere with dissemination routes
	- Prevent organism from entering host
- Most efficient step = identification and detect source of infection

SOURCE
- Identify source
- Isolate
- Treatment
- Elimination 

ROUTE OF TRANSMISSION
- Sterilization
- Disinfection
- Proper medical techniques

HOST
- Vaccine
- Protective isolation

Hospital Infection Control Team
- Separate infected and non-infected patients
- Wound and enteric isolation
- Respiratory isolation (face masks)
- Strict isolation
- Protective isolation (patients highly susceptible to infection)
- Typing (serology) 

Universal Precaution
- Infection control techniques recommended following AIDS outbreak
- Every patient is treated as if they are infected… precautions taken to decrease risk
- Universal precautions…
	- Hygiene (hand washing and gloves)
	- Correct sharp handling
	- Aseptic techniques
- Universal precautions are also recommended to health care support workers… some may be required to come into contact with patient’s body fluids

Infection Control in Communities
1) Social and environment factors
2) Health education
3) Food safety
4) Vector control
5) Immunization
6) Chemoprophylaxis… use of drugs to prevent disease
7) Outbreak investigations
8) Nation and international agencies 

CLEANING, STERILIZATION, AND DISINFECTION

Decontamination: destroying or removing harmful microorganisms on a surface
Sanitization: decrease of microbial load on objects surface by cleaning agents
Disinfection: freeing an object of harmful microorganisms, but not necessarily spores (germicides)
Antisepsis: germicide on the surface of living skin or mucous membranes
Sterilization: physical or chemical means to destroy all types of microorganisms

Cleaning
- Proper cleaning of objects and instruments are very important prior to decontamination

[bookmark: _GoBack]Physical Means

Heat Treatment
- Dry heat: destruction through oxidation (150-200 degrees C)… higher temp = longer time
- Moist heat: irreversible denaturation of proteins by coagulation
- Incineration…
	- 1000 degrees C
	- Required before safe disposal of waste
- Moist heat…
	- Pasteurization… heat below boiling point
	- Boiling… 100 degrees for at least 10 mins… temp and time is not enough to kill spores
	- Autocleaning… most commonly used… steam under pressure
	- Microwaves

Radiation
- Gamma radiation…
	- Destroys microorganisms (oxidation and damage to DNA)
	- Used to treat certain types of tissue before transplant and sterilize hospital supplies
- UV rays…
	- Damage to nucleic acid
	- Direct and prolonged exposure necessary

Filtration
- Physical retention of bacteria and fungi

Chemical Means
- Chemicals are used in health care setting to prevent and control the spread of infection

Factors Affecting Disinfectant Action
- Concentration of germicide…
	- Increase C. = more rapid kill
- Microbes present…
	- Class and state of microorganism
	- Bacteria vs. virus
- Contact time…
	- Effect within seconds
- Temperature…
	- Higher temp = more rapid kill
- Organic and inorganic load…
	- Protection of microorganism by organic matrix
	- Pre cleaning of surfaces and instruments

Decreasing Order of Resistance of Classes of Microorganisms to Disinfectants
1) Bacterial spores and protozoan cysts
2) Myobacteria
3) Fungi
4) Vegetative bacteria
5) Enveloped viruses

** Resistance against a disinfectant is not necessarily related to how dangerous a microorganism is **

Antiseptics and Myogenic Hand-Washing Agents

Antiseptics
- Inactivate and remove flora (transient and resident) from hands prior to surgical procedure
- Inactivate flora from site of operation
- Prevent infection on skin surfaces and mucous membranes

Hand Rubs
- Removes transient flora only





