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Microbes and their associated diseases
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Microbes and their associated diseases



Conserved structures of pathogens are detected by
„Pattern Recognition Receptors“
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Inflammasome

https://www.invivogen.com/review-nlrp3-inflammasome

The inflammasome is activated by damage associated molecular patterns 
such as ATP or uric acid (“crystals”), ROS and potassium influx (membrane damage)



Activation of the inflammasom leads to recruitment of Caspase-1

pro IL-1β
pro IL-18

IL-1β
IL-18

binds to Pyrin
Domain after 
oligomerization!



Innate Immunity is the basis for induction of the 
adaptive immune response.

Chemokines orchestrate the cellular response.



Entry of DCs into inflamed tissue by diapedesis

Chemokine that is most important for attracting DCs:
MIP3α (CCL20) binding to CCR6

Modified from 2002 Decker Intellectual Properties

CCL20

CCR6DC



Am J Respir Crit Care Med Vol 172. pp 530–551, 2005

After activation of DCs at the site of infection cells follow
a chemokine gradient to the lymph node

CCR6↓
CCR7↑



Activated dendritic cells express costimulatory
molecules in the lymph nodes

DC1. DC becomes activated
in the tissue leading to down
regulation of CCR6 and up-
regulation of CCR7

2. DC follows  the CCL21 
gradient into the lymph node
meanwhile upregulating 
expression of costimulatory 
molecules

3. DCs interact with T-cells
in the paracortical lymph node
area



Sepsis

But what when things 
went wrong….



Major causes for Sepsis:
-Trauma; Treatment in an intensive care unit
-Systemic or local infection
-Chronic inflammation of skin and mucosa 
with endotoxin releasing bacteria or fungi

Patient with Sepsis
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From local inflammation to systemic disease 



TNF-αααα

Local effects Systemic effects

Activation of the 
Endothelium 

inceased Permeability

Adhesion of 
leucocytes to 
the vessels

Local Inflammation

Vasodilation, 
Hypotonia, Septic 

Shock

Intravasal blood 
clotting, Multiorgan 

failure

First: systemic 
inflammation, later: 

Immune Suppression

TNF-αααα „knock out“ mice are not prone to sepsis



Endotoxin induced inflammation 
is down regulated by delayed 

production of IL-10



Mice were infected with Legionella 15 or 30 days after surviving sepsis.

Mice that survived sepsis show suppression
of immune responses





Figure 43.20 in Campbell & Reece (2002).

Time course of a HIV Infection



„Anatomy“ of HIV



Figure 11-22
Systemic dissemination of HIV 



Infection of T-helper cells by HIV



Figure 11-23Infection of T-Lymphotytes by HIV



Figure 11-25
Mechanism of replication





• HIV hides in the genome of immune cells. Therefore the virus can 
not be easily recognized by the immune system

• Activation of T-lymphocytes by Interleukin-2 produces new virus

• HIV shows a high mutation rate.

• Immune response of CD8+ cytotoxic T-cells towards HIV infected 
cells is weak.



Figure 11-30
Opportunistic infections leading to the disease pattern of AIDS



Sars-CoV2 Infection: Mechanism

doi.org/10.3389/fneur.2020.01039



Classification of vaccines

Antisera und immunglobulines

(passive Immunization)

Vaccines

(active Immunization)



Passive vs. Active Immunization

Janeway Immunologie (2018) Springer Spektrum, 9. Auflage

Injection of placebo  Injection of vaccine  

Transfer of antiserum 

Injection of vaccine  

Challenge with a deadly dose of living pathogens                       

Non-immune control Active immunization  Passive immunization  

mouse dies mouse survives     mouse survives     



Passive Immunization

Immunologie in Deutschland, Deutsche Gesellschaft für Immunologie (Hg.), 2017

Development of serum therapy against diphtheria by Emil von Behring in the 1890s



Passive Immunization
e.g.: Snake Venoms – Antivenin / Antivenom

The puff adder in Africa is extremely poisonous: between five and ten million people 
on the continent struggle with the consequences of a poisonous snake bite every 
year. (Imago / McPhoto)
www.deutschlandfunk.de



Active immunization - a success story 
in immunology

AC Hüntelmann, Immunologie, Band 3, Heft 3 (2019)



Active immunisation - a success story 
in immunology

Janeway Immunologie (2018) Springer Spektrum, 9. Auflage



Production of Influenza vaccines in cell 
culture



Production of Influenza vaccine in hen 
eggs



Production of an attenuated virus 
vaccine in cell culture

Janeway Immunology, Springer Spektrum

Production of an attenuated viral vaccine nowadays



Role of adjuvants in increasing the 
immunogenicity of vaccine antigens

Janeway Immunologie (2018)
Springer Spektrum, 9. Auflage

Only in animal
vaccine due to 
strong side-effects



Conjugate vaccines have been developed 
as a result of linked

recognition between T and B cells

Janeway Immunologie (2018)
Springer Spektrum, 9. Auflage e.g. Neisseria meningitidis (meningococcus), Strepto

coccus pneumoniae (pneumococcus), and H. influenzae



Virus Diseases or conditions Vaccine(s)

Hepatitis A virus Hepatitis A Hepatitis A vaccine

Hepatitis B virus Hepatitis B Hepatitis B vaccine

Human papillomavirus
Cervical cancer, Genital 
warts, anogenital cancers

HPV vaccine

Influenza virus Influenza Influenza vaccine

Measles virus Measles MMR vaccine

Mumps virus Mumps MMR vaccine

Polio virus Poliomyelitis Polio vaccine

Rabies virus Rabies Rabies vaccine

Rotavirus Rotaviral gastroenteritis Rotavirus vaccine

Rubella virus Rubella MMR vaccine

Variola virus Smallpox Smallpox vaccine

Yellow fever virus Yellow fever Yellow Fever vaccine

List of 
Antiviral
vaccines

Source:Wikipedia

Color code:
Inactivated
Protein
Attenuated



Bacterium Diseases or conditions Vaccine(s)

Bacillus anthracis Anthrax Anthrax vaccines

Bordetella pertussis Whooping cough DPT vaccine

Clostridium tetani Tetanus DPT vaccine

Corynebacterium 
diphtheriae

Diphtheria DPT vaccine

Haemophilus 
influenzae type B 
(Hib)

Epiglottitis, meningitis, pneumonia Hib vaccine

Mycobacterium 
tuberculosis

Tuberculosis (Tuberculosis (BCG) vaccine)

Neisseria 
meningitidis

Meningococcal meningitis Meningococcal vaccine

Salmonella typhi Typhoid fever Typhoid vaccine

Streptococcus 
pneumoniae

Pneumococcal pneumonia Pneumococcal conjugate vaccine

Vibrio cholerae Cholera Cholera vaccine

List of 
Antibacterial
vaccines

Source:Wikipedia

Color code:
Inactivated
(Glyco)Protein
Attenuated



Covid 19 mRNA vaccine



Cellular and humoral immune responses 
induced by messenger RNA (mRNA) vaccine

doi.org/10.1038/s41392-022-00950-y



Effectiveness of Covid 19 mRNA vaccines

DOI: 10.1056/NEJMoa2117128


