MICROBIOLOGY with IMMUNOLOGY PROGRAMME

The aims of the ‘microbiology with immunology’ course are:

fa—

To be familiar with great importance as well as negative influence of microorganisms for human and its environment;

To become acquainted with normal human flora, pathogenic bacteria, viruses and fungi and their the most important
biological properties as well as with host—pathogen interactions;

To get a knowledge of the following steps of microbiological examination: sampling, transport, isolation, identification of
microorganisms and antimicrobial susceptibility testing in order to detect correctly infections;

To know how to interpret results of microbiological, serological and immunological test results;

To be familiar with beneficial and detrimental effects of immune system;

To learn about mechanisms of immune response to different antigens (bacteria, fungi, viruses, graft, tumor cells,
allergens)

To recognize and detect the immune response reactions in vitro and in vivo;

To get acquainted with immunomodulation methods (vaccination, serotherapy, nonspecific immunotherapy,
desensitisation).

1. The basics of the bacteria and fungi differentiation. Part I

Morphology of bacteria and fungi: dimensions, shape, arrangement, structure of bacterial cell, external (flagella, fimbriae,
capsule, slime) and internal (cytoplasmic membrane, mesosomes, chromosomal DNA, plasmids, transposones,
ribosomes, cytoplasmic inclusions, spores) structures, differences between Gram-positive (peptydoglican, teichoic acids)
and Gram-negative (peptydoglican, lipopolisacharise) bacterial cell wall.

Bacteria with deficient cell wall: mycoplasmas, L-forms, spheroplasts, protoplasts. Basic differences between bacteria
(Procaryota) and fungi (Eucaryota).

Direct examination of morphology - microscopic examination, stained and fresh (wet) smears, application of different
types of microscopes in microbiology. Methods of staining: positive, negative, positive-negative, practical application of
Gram, Ziehl-Neelsen (acid-fast), Neisser staining.

General criteria for classification of microorganisms — family, genus, species, strain, biotype, serotype.

The major groups of Gram-positive bacteria — cocci: Staphylococcus, Streptococcus, Enterococcus, Peptostreptococcus,
bacilli (rods): Bacillus, Clostridium, Corynebacterium, Listeria, Propionibacterium, Lactobacillus, Actinomyces,
Nocardia, Mycobacterium.

The major groups of Gram-negative bacteria cocci: Neisseria, Veilonella; bacilli: Enterobacteriaceae (Escherichia coli,

Klebsiella, Salmonella, etc.), nonfermentative bacilli: Pseudomonas, Acinetobacter, other bacilli: Vibrio, Campylobacter,
Helicobacter, Haemophilus, Bordetella, Gardnerella, Legionella, etc.; anaerobes: Bacteroides, Fusobacterium; the
spirochetes: Treponema, Borrelia, etc.; Rickettsia, Chlamydia, Mycoplasma.

Practical part:

Oil immersion microscopy. Evaluation of microorganisms, dimension and shape —ready smears. Preparation and Gram
staining of smears from solid and/or broth media. Microscopic evaluation of direct smears from clinical specimens: pus,
sputum, blood, swab from vagina. Evaluation Detection of bacterial motility on agar medium and semi-solid medium.

2. The basics of the differentiation of bacteria and fungi. Part IT

Physiology of microorganisms — basic growth requirements (chemical composition of bacterial cell, growth requirements
of different groups of microorganisms); metabolism — source of carbon and energy (autotrophs, heterotrophs,
chemolitotrophs, chemoorganotrophs); atmosphere (obligate aerobes, facultative and obligate anaerobes, microaerophils);
influence of temperature (psychrophils, mesophils, thermophils), pH and pressure. Differences in culture requirements
(most bacteria — artificial media, rickettsiae and chlamydiae — cell cultures).

Growth and division of bacteria and fungi — life cycle, phases of growth, rapidity of growth on artificial media.

Cultivation methods — types of bacteriologic media (fluid, solid, semisolid, nutrient, enriched, selective, differential,

transport media, media with chromogens) and their practical application. Microbial differentiation on the basis of type of
growth in liquid (turbidity) and solid media (morphology of colony).
Bacterial identification: colonial and microscopic morphology, biochemical tests -use of metabolism (biochemical

properties) of bacteria for their differentiation.
Variability of bacteria — genotype, phenotype, mutation, recombination (conjugation, transduction, transformation).

Biological and medical importance of genotype changes - changes of morphologic and biochemical properties,
pathogenicity, antibiotic susceptibility.
Detection of infectious diseases: the purpose and importance of bacteriological examination.

Specimen collection and transportation: general principles; time of collection, kind of specimens, containers,

transport media, shelf- life, clinical diagnosis, requisition form for microbiological examination.
Specimen processing:

o direct examination — Gram-stained (or other) smears, detection of antigen; molecular methods;



media selection, inoculation and isolation;

culture examination (colonies morphology), culture smears,

identification: biochemical, serological (antigen typing), bacteriophages typing, bacteriocin typing;
o tests of antimicrobial susceptibility testing, molecular methods.

Clinical interpretation of the bacteriological examination result.
Detection of antibody in serum.
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Practical part:

Discussion about requisition form. Examination of different media: nutrient agar, blood agar, McConkey agar,
Sabouraud agar, chocolate agar, Chapman agar, Lowenstein-Jensen, nutrient broth. Evaluation of the bacterial and fungal
growth — colonial morphology. Demonstration of jars for anaerobic (GasPak system) and microaerophilic (candle jar)
bacteria. Biochemical tests — API and ATB system. Visit at bacteriology lab -application of media in a daily diagnostics,
visual and automatic reading of biochemical properties of bacterial strain.

3. The basics of virology

General features of viruses - size and structure. Stages of virus replication, the influence of type of replication on the viral
infection course. Prions.

The major groups of RNA viruses: Orthomyxoviridae (Influenza); Paramyxoviridae (Parainfluenza, Mumps, Measles, RSV);
Rabdoviridae (Rabies); Filoviridae (Marburg, Ebola virus); Bunyaviridae (Hantavirus); Picornaviridae (rhinoviruses, HAV,
enteroviruses: Polio, Coxackie, Echo); Reoviridae (Rotavirus); Retroviridae (HIV, HTLV); Togaviridae (Rubella,);
Coronaviridae; Calciviridae (Norwalk virus); Flaviviridae (Yellow fever, Denque virus, HCV); the groups of viruses causing
haemorrhagic fevers and neuroinfections (Toga-, Flavi-, Bunya-, Arenaviridae), arboviruses.

The major groups of DNA viruses: Herpesviridae (Herpes simplex, Varicella-zoster, CMV, EBV, HHV6, HHV7);
Adenoviridae; Papovaviridae (HPV, JC virus); Parvoviridae (B19); Hepadnaviridae (HBV); Poxviridae: (Variola, Vaccinia).
Methods of cultivation of viruses (tissue cultures, chick embryos, sensitive laboratory animals).

Methods of detection of virus-infected cells: cytopathic effect, plaque assay, hemagglutination, hemadsorption, neutralization
test, microscopic methods.

Bacteriophages, mycophages and their application in medicine. Lysis and lysogenia.

General indications and principles of viral diagnostics — the purpose of virusological examination, sampling,
storage and transportation, diagnostics methods (virus isolation, microscopy, serology).

Diagnostics of selected viral diseases: influenza, WZW, AIDS, rabies.

Practical part:

Demonstration of cytopathic effect. Detection of viral hemagglutinins — qualitative and quantitative tests. Examination of
Negri inclusion bodies (rabies) in brain tissue.

4. Chemotherapy of bacterial infections.

General characteristics and division of antimicrobial agents - chemotherapeutics, antibiotics: beta-lactams (penicillins,
cephalosporins, monobactams, carbapenems, beta-lactams inhibitors), aminoglycosides, quinolones, tetracyclines,
macrolides, lincosamides, glycopeptides, metronidazole, other.

Mode of action - bacteriostatic, bactericidal;

spectrum of activity - narrow and broad;

mechanism of action of particular antibiotic groups (inhibition of cell wall synthesis, inhibition of cell membrane
function, inhibition of protein synthesis, inhibition of nucleic acid synthesis, antimetabolic action).

Side/adverse effects: hypersensitivity, toxicity, biological effects, postantibiotic effect (PAE)

Chemotherapy of viral infections: groups of antiviral drugs, mechanisms of action.

Chemotherapy of fungal infections: groups of antifungal drugs, mechanisms of action.

Mechanisms of ant microbial drug resistance — intrinsic (inhrent, natural) and acquired: chromosomal (mutations) and
extrachromosomal (plasmids, transposons)

Phenotypic expression of resistance to antimicrobial agents — synthesis of inactivating enzymes, modification of target
site, altered permeability, altered metabolic pathway, active antibiotic efflux.

Indications and principles of rational antimicrobial therapy: empiric, guided, combination therapy.

Antimicrobial susceptibility testing in vitro (antibiogram): qualitative methods - disk diffusion, quantitative methods -
tube and plate dilution test, E-tests; screening tests — detection of MRSA, HLAR

Clinical importance of MIC and MBC. *

Practical part:

Discussion about standardisation of antimicrobial susceptibility tests (AST) according to NCCLS recommendations
(appropriate inoculation, medium, selection of antibiotic discs). Antibiogram form. Reading and interpretation of disk
diffusion results (susceptible, intermediate, resistant), broth dilution and E-test results (MIC determination).

Detection of different antibiotic resistance mechanisms: beta-lactamases ESBL and AmpC, MLS mechanism, MRSA, VISA,
HLAR, VRE, GISA strains.

Clinical interpretation of antibiogram.
















