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■ Infectious Diseases

■ Transmission Ways

■ Treatment Options

■ Containment Strategies

■ Vaccinations
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News Coverage 2020
Reports about Coronavirus (on daily basis)
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https://www.euronews.com/2020/02/26/covid-19-man-in-critical-condition-in-
germany-as-virus-spreads-in-europe

https://www.tag24.de/thema/coronavirus/coronavirus-live-ticker-
fuer-bayern-und-muenchen-dehoga-protestiert-gegen-moeglichen-
zweiten-lockdown-1458749



News Coverage 2024
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■ RNA viruses are directly replicated 
by ribosomes of the host

■ Coronavirus (SARS-CoV-2):

□ Type: RNA-based viruses 
surrounded by a hull

□ Genome: 30kbps single-
stranded RNA

□ Polarity: positive

Recap: Replication of Viruses
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https://www.imd-berlin.de/spezielle-kompetenzen/covid-19.html



■ Infection := Invasion + multiplication of disease-causing agents + host reaction

■ Disease-causing agents := Pathogenic microorganisms, e.g. bacteria, viruses, 
parasites or fungi

■ Infectious diseases can be spread directly or indirectly from one person to another

■ Zoonotic diseases := Infectious diseases transmitted from animals to humans or vice 
versa.

Infectious Diseases:
Definitions
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■ Infections can occur anywhere in your body.

■ Common locations:

□ Eyes, ears, dermal

□ Respiratory system, e.g. mouth, throat, bronchia, lungs, 
mucous membranes

□ Urinary tract, e.g. kidneys and bladder

□ Blood system, e.g. cannula sites or wounds

□ Gastric system

■ Other less common places:

□ Liver and abdomen

□ Oesophagus

□ Brain and spinal cord

Infections by Body Location
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https://www.onhealth.com/content/1/viral_infections



■ Bacteria

■ Viruses

■ Fungi

Infections by Disease-causing Agent
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CChhaarraacctteerriissttiiccss BBaacctteerriiaa VViirruusseess FFuunnggii

SSiizzee Larger (1 µm) Smaller (20-400 nm) Huge (2-10 µm)

CCeellll  WWaallll Peptidoglycan or Lipopolysaccharide No cell wall, protein coat instead Cell wall made up of chitin

RRiibboossoommeess Present Absent Present

NNuummbbeerr  ooff  cceellllss One cell (Unicellular) No cells Multicellular with complex cellular structures

LLiivviinngg  oorrggaanniissmm Living organism “in-between” Living organism

DDNNAA  aanndd  RRNNAA DNA and RNA floating in cytoplasm DNA or RNA coated by protein Eukaryotes, i.e. DNA and RNA

IInnffeeccttiioonn Localized Systemic Localized

RReepprroodduuccttiioonn Fission, a form of asexual reproduction Invades host cells Both: asexual and sexual methods

EExxaammpplleess Staphylococcus aureus, Vibrio cholerae, etc. HIV, Hep. A virus, Rhino virus, etc.
Saccharomyces cerevisiae, Histoplasma, 
Aspergillus niger, Agaricus boirus, etc.



■ Bacterium: Methicillin-resistant Staphylococcus aureus 

■ Incubation time:

□ 2-6 hours endogenous and

□ 4-10 days exogenous

■ Transmission ways: Hands, surfaces in contact with hands 
(door handle, towel) ~6 months, often in elderly care homes 
and hospitals detected

■ Symptoms (selected):

□ Dermal and wound infections, 

□ Toxic shock syndrome, fever, multiple organ failure 

■ Vaccines: n/a

Example:
Methicillin-resistant Staphylococcus aureus (MRSA)
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■ Bacterium: Legionella

■ Incubation time: 2-10 days

■ Transmission ways: Water / aerosols, standing warm water 
systems (25-45°C)

■ Symptoms (selected):

□ Coughing,

□ Fever,

□ Headache,

□ Severe forms of pneumonia possible

■ Vaccines: n/a

Example:
Legionnaires' disease
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■ Virus: Ebolavirus

■ Incubation time: 21 days (avg. 8-10 days)

■ Transmission ways: Blood, body fluids, 
infected tissues

■ Symptoms (selected):

□ Fever, aches, pains

□ Weakness, fatigue

□ Diarrhea, vomiting

□ Unexplained hemorrhaging, bleeding or 
bruising

■ Vaccines: rVSV-ZEBOV,
approved by FDA in Dec. 2019

Example:
Ebola Virus Disease (EVD)
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■ Virus: SARS-CoV-2

■ Incubation time: 2-14 days (avg. 5.8d)

■ Transmission ways: Aerosols

■ Symptoms (selected):

□ Fever or chills

□ Cough, shortness of breath

□ Fatigue

□ Pain, e.g. muscle, body aches, headache

□ Loss of taste or smell

□ Diarhea, nausea or vomiting

■ Vaccines: 7 authorized +3 (rolling review) in EU

Example:
Coronavirus Disease 2019 (COVID-19)
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■ Fungi: Aspergillus fumigatus or Aspergillus flavus

■ Incubation time: Days up to weeks

■ Transmission ways: Inhaling of fungi spores

■ Symptoms (selected):

□ Pneumonia (immune suppressed persons), fever, 
coughing

□ Nose

□ Ear

□ Skin

□ Might affect also other organs

■ Vaccines: n/a

Example:
Aspergillosis
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■ Fungus: Candida auris (yeast)

■ WHO rated Candida auris as critical in 2022

□ High outbreak potential, produced several hospital outbreaks

□ Intrinsically resistant to most available antifungal medicines

□ Thermoresistant, partially resistant to disinfectants

■ Incubation time: n/a

■ Transmission ways: Direct contact to funghi spores

■ Symptoms (selected):

□ Ear infection

□ But also mouth, nasal, respiratory, inner organs

■ Vaccines: n/a

Example:
Candidiasis
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WHO fungal priority pathogens list to 
guide research, development and public 
health action, WHO, 2022



Questions?
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Infections by Transmission Way
<< QUIZ >>
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■ Which of the following alternatives are possible transmission ways?

A. Air

B. Hand contact

C. Sexual contact

D. Blood contact



Infections by Transmission Way
<< QUIZ >>

Data Management for 
Digital Health, Winter 
2023

UUssee  CCaassee  IInnffeeccttiioouuss  
DDiisseeaasseess

2200

■ Which of the following alternatives are possible transmission ways?

AA.. AAiirr

BB.. HHaanndd  ccoonnttaacctt

CC.. SSeexxuuaall  ccoonnttaacctt

DD.. BBlloooodd  ccoonnttaacctt



Transmission by Air
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Prevent Transmission by Air
Mask vs. Face Shields
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Prevent Transmission by Air
<< QUIZ >>
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■ What is the most benefit from wearing an everyday mask?

A. Protect yourself if others are infected

B. Protect others if you are infected

C. Reduce the variability of the virus RNA

D. Protect your lung from cold winter air



Protection through Masks:
Filtering Face Piece (FFP)
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Adapted from: https://www.gesuendernet.de/gesundheit/item/1775-corona-mundschutz-welche-schutzmasken-sind-sinnvoll.html

TTyyppee MMoouutthh--nnoossee  
pprrootteeccttiioonn

FFFFPP22//FFFFPP33  
mmaasskkss  nnoo  vvaallvvee

FFFFPP22//FFFFPP33  
mmaasskk  ww//  vvaallvvee

DDIIYY  mmaasskkss  ffrroomm  
ccoottttoonn

SSccaarrff

PPrrootteeccttss  YYoouurrsseellff ✅ ✅ ✅ (✅) (✅)

PPrrootteeccttss  OOtthheerrss ✅ ✅ ❌ ✅ (✅)

AApppplliiccaabbllee  ffoorr  
mmeeddiiccaall  sseettttiinngg

✅ ✅ ✅ ❌ ❌

CCllaassss  
((EENN114499))

IInnwwaarrdd  
LLeeaakkaaggee

FFP1 ≤ 22%

FFP2 ≤ 8%

FFP3 ≤ 2%



How to Treat Infections?
<< QUIZ >>
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■ What are recommend treatment options for viruses?

A. Antibiotics

B. Antimycotics

C. Consumption of alcohol

D. None of the above



Therapy Options
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Adapted from: CDC



■ Antibiotics à works only against bacteria

■ What works best against viruses?

Therapy Options (cont’d)
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Adapted from: CDC



■ Antibiotics à works only against bacteria

■ What works best against viruses? àà  aa  vviittaall//ttrraaiinneedd  iimmmmuunnee  ssyysstteemm  

■ Antimycotics à works only against fungi

Therapy Options (cont’d)
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Adapted from: CDC

BOTH + FUNGI
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Intensive Care Unit

https://www.aerzteblatt.de/archiv/213027/Coronavirus-SARS-CoV-2-Antivirale-Wirkstoffe-auf-dem-Pruefstand#group
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Complications of Infections
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■ Severe infections might have systemic life-threatening impact, e.g.

□ Heart à Myocarditis

□ Brain à Encephalitis or Meningitis

□ Blood à Sepsis

■ Intensive Care Unit (ICU)

□ Remove all external stress

□ Allow body to recover

□ Constantly monitor vital parameters using sensors
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Containment Strategies



Containment Strategies:
Contact Tracing (unless a treatment is available)
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■ Case := Confirmed infection, e.g. through positive testing

■ Identify all contact persons of a case during the 
incubation time à suspects

■ Isolate confirmed cases and all suspects

■ Contact suspects for the incubation period daily and 
conduct symptom interviews



Recap: How Do Viruses Replicate?
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https://www.askdoctork.com/what-is-a-virus-what-makes-viral-illnesses-so-difficult-to-treat-201401115945



■ Strategy (unless a treatment is available):

□ Identify contacts of infected people

□ Monitor contacts of infected people for the incubation time

Testing:
Which Approach to Use?
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DDaayyss SSttaattuuss IInnffeeccttiioouuss SSyymmppttoommss PPCCRR AAnnttiibbooddyy

Day 0 Infection Yes No Neg. Neg.

Day 0 to 
Incubation

Symptoms develop Yes Yes Pos. Neg.

Incubation + x 
days

Infection subsides Yes Yes Pos. Pos.

After weeks Recovered No No Neg. Pos. (Neg.)



Testing:
Which Approach to Use? (cont’d)
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W&B/Dr. Ulrike Möhle, adapted from https://www.apotheken-umschau.de/Coronavirus/Was-bringen-Antikoerper-Schnelltests-fuer-zuhause-561371.html

Infection Symptoms appear After 2 wks After 4 wks

Incubation period (up to 2 wks)

IgA and IgM 
antibodies 
detectable

IgG antibodies 
detectable

IgA and IgM 
antibodies 
detectable

Virus RNA 
detectable

Virus RNA 
detectable

Nose or 
throat 
swap

Nose or 
throat 
swap

Sample Sample



1. Obtain sample with virus RNA

2. Add enzymes to perform Reverse Transcription (rt)

3. Transcription results in complementary DNA strand (cDNA)

4. Perform Polymerase Chain Reaction (PCR) to perform amplification of DNA

5. Perform DNA sequencing

Test for Active Infections:
rtPCR
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Test for Active Infections:
rtPCR Alternatives
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Test for Past Infections:
Antibody Tests
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W&B/Dr. Ulrike Möhle, adapted from https://www.apotheken-umschau.de/Coronavirus/Was-bringen-Antikoerper-Schnelltests-fuer-zuhause-561371.html

Antibodies 
in sample

Blood samples 
from patients 

or

On plate, virus 
protein/antigen you are 

testing for, e.g. S1, S2, N, 
E, M, ORF of COVID-19

Marked 
antibody

Color 
reaction

Substrate



Test for Past Infections:
Antibody Tests (cont’d)

Data Management for 
Digital Health, Winter 
2023

UUssee  CCaassee  IInnffeeccttiioouuss  
DDiisseeaasseess

4400Adapted from https://www.imd-berlin.de/spezielle-kompetenzen/covid-19.html

IgG AntibodiesIgA AntibodiesIgM Antibodies

Virus Load

Day 0 Symptoms 
Appear

Symptoms
+1 Week

2nd Week 3rd Week 4th Week Time



■ Pros:

□ Serial CT scans create results within minutes

□ 4-5 scans / hr or 40-50 / 8hr possible

■ Cons:

□ Radiation dosage

□ Require access to CT scanners
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Test for Active Infections:
Use of Medical Imaging



■ Detection of SARS-CoV-2
gene fragments

■ Enables approx. 2 weeks of forecast

■ Data processing

□ Normalization, e.g. dry vs. heavy rain

□ Regression to remove peaks

Test for Active Infections:
Waste Water Surveillance for Biomarkers
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Ho, J. et al.: A.: SARS-CoV-2 wastewater surveillance in Germany: Long-term RT-digital droplet PCR monitoring, suitability of primer/probe combinations and 
biomarker stability. Water research 210: 117977 (2022) DOI: 10.1016/j.watres.2021.117977



Test for Active Infections:
Waste Water Surveillance in Germany
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■ German form to order COVID-19 test

Muster 10C for SARS-CoV2-Testing
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■ Nuclein test using Reverse 
Transcription Polymerase Chain 
Reaction (RT-PCR) + qPCR

■ Lab time: <5 hrs

■ Possible SARS-CoV-2 targets:

□ E Gene

□ N Gene

□ Orf Gene

□ M Gene

COVID-19 Lab Report Example:
Negative E Gene Testing
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■ Nuclein test using Reverse 
Transcription Polymerase Chain 
Reaction (RT-PCR)

COVID-19 Lab Report Example:
Positive N1, N2 Gene Testing

Data Management for 
Digital Health, Winter 
2023

UUssee  CCaassee  IInnffeeccttiioouuss  
DDiisseeaasseess

4466



■ Nuclein test using Reverse 
Transcription Polymerase Chain 
Reaction (RT-PCR)

■ SARS-CoV-2 targets:

□ N1 Gene

□ N2 Gene

■ Human targets for QA:

□ RNAseP Gene

COVID-19 Lab Report Example:
Positive N1, N2 Gene Testing
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Scalability of Testing Strategies:
Pooling
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Vaccination

Photo by M. Schapranow, Hakan Nural



■ RNA viruses are directly replicated by ribosomes of the host

■ Coronavirus (SARS-CoV-2):

□ Type: RNA-based viruses surrounded by a hull

□ Genome: 30kbps single-stranded RNA

□ Polarity: positive

■ Conservative: Inactivated virus containing relevant virus proteins

■ Advanced, only blueprint for components injected: 

□ Use of manipulated vector virus carrying selected genes of target virus

□ mRNA to trigger protein bio synthesis within host cells

□ Bio-technically synthesized recombinant virus protein

Vaccines
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Source: vfa



Monovalent COVID-19 Vaccines (Excerpt)
(last updated Jan 2023)

Data Management for 
Digital Health, Winter 
2023

UUssee  CCaassee  IInnffeeccttiioouuss  
DDiisseeaasseess

5511

Codename Type Company CC Remarks

BNT162b2 mRNA BioNTech / Pfizer DE EU license Dec 2020, 95% efficacy

mRNA-1273 mRNA Nat’l Inst. of Allergy & 
Infectious Diseases / 
Moderna

US EU license Jan 2021, 94% efficacy

CVnCoV mRNA Curevac DE Stopped Phase IIb/III Jun 2021: 47% efficacy, did not meet 
prespecified statistical success criteria

AZD1222 Vector Oxford / AstraZeneca UK EU license Jan 2021, issues with dose/efficacy per target age group 
(60-90%), contamination, sinus venous thrombosis

Ad26.COV2-S Vector JnJ US EU license Mar 2021, 85% efficacy

Sputnik V Vector Gamaleya Res. Institute of 
Epidemiology & Microbiology

RU EU rolling review since Mar 2021

CoronaVac Inactivated Sinopharm CN CN License Dec 2020, efficacy 86%,
EU rolling review since May 2021

VLA2001 Inactivated Valneva FR EU license Jun 2022,
production stopped end of 2022 due to low demand

NVX-CoV2373 Recombinant 
protein

Novavax US EU license Dec 2021, 90% efficacy

CoVLP Recombinant 
protein

Medicago / GSK CA CA license Feb 2022

VAT02/VAT13 
booster

Recombinant 
protein

Sanofi / GSK FR EU license Nov 2022

PHH-1V 
booster

Recombinant 
protein

Hipra ES EU rolling review since Mar 2022

https://www.ema.europa.eu/en/human-regulatory/overview/public-health-threats/coronavirus-disease-covid-19/treatments-vaccines/covid-19-vaccines



Monovalent COVID-19 Vaccines (Excerpt)
(last updated Jan 2024)
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Product Name Type Company CC Remarks

Comirnaty 
Omicron 
XBB.1.5 

mRNA BioNTech / Pfizer DE EU license Aug 2023

Spikevax 
XBB.1.5

mRNA Nat’l Inst. of Allergy & 
Infectious Diseases / 
Moderna

US EU license Sep 2023

Nuvaxovid 
XBB.1.5

Recombinant 
protein

Novavax US EU license Oct 2023

https://www.ema.europa.eu/en/human-regulatory/overview/public-health-threats/coronavirus-disease-covid-19/treatments-vaccines/covid-19-vaccines



Bivalent COVID-19 Vaccines (Excerpt)
(last updated Jan 2024)

Data Management for 
Digital Health, Winter 
2023

UUssee  CCaassee  IInnffeeccttiioouuss  
DDiisseeaasseess

5533

Product Name Type Company CC Remarks

Comirnaty 
Original/Omicron BA.1

mRNA BioNTech / Pfizer DE EU license Sep 2022

Comirnaty 
Original/Omicron BA.4/5 

mRNA BioNTech / Pfizer DE EU license Sep 2022

Spikevax bivalent 
Original/Omicron BA.1

mRNA Nat’l Inst. of Allergy & 
Infectious Diseases / 
Moderna

US EU license Sep 2022

Spikevax bivalent 
Original/Omicron BA.4/5

mRNA Nat’l Inst. of Allergy & 
Infectious Diseases / 
Moderna

US EU license Oct 2022

https://www.ema.europa.eu/en/human-regulatory/overview/public-health-threats/coronavirus-disease-covid-19/treatments-vaccines/covid-19-vaccines



■ IInnaaccttiivvaatteedd  oorr  aatttteennuuaatteedd  VViirruuss

■ VVeeccttoorr--bbaasseedd

■ VViirruuss  pprrootteeiinnss

■ mmRRNNAA--bbaasseedd

■ DNA-based

■ Peptide-based

Types of Vaccination:
Overview
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■ Requires access to virus in sufficient quantity, e.g. grown in other hosts

■ Inactivated virus cells are injected to trigger immune response

Types of Vaccination:
Inactivated Vaccine
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B-/T-cell 
immune 
response

Image Credits: vfa, https://icon-icons.com/

5 Adjuvants

■ Original virus is 
in-activated
(see hull)



■ Requires well-known vector virus as carrier, e.g. Adenovirus

Types of Vaccination:
Vector Vaccine
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B-/T-cell 
immune 
response

■ Vector virus invades body 
cell and releases its RNA

■ Ribosomes read RNA and 
assemble spike protein

■ Proteins are released by cell

■ Vector virus is 
manipulated and 
target virus gene 
is added



■ Virus protein is genetically engineered in the lab (not derived from original virus)

Types of Vaccination:
Protein Vaccine
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B-/T-cell 
immune 
response

4 Spike Protein
5 Adjuvants



■ Requires synthesis and handling of very fragile RNA

Types of Vaccination:
mRNA Vaccine
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B-/T-cell 
immune 
response

■ Lipid hull allows to mRNA to 
enter body cells

■ Ribosomes read RNA and 
assemble spike protein

■  Proteins are released by cell

■ mRNA for 
spike protein 
covered by 
lipid hull



□ Active Ingredients: 30 µg nucleoside-modified mRNA encoding the S protein of SARS-CoV-2

□ Lipids for packaging:

– 430 µg (4-hydroxybutyl)azanediyl)bis(hexane-6,1-diyl)bis (ALC-3015),

– 50 µg (2- hexyldecanoate),2-[(polyethylene glycol)-2000]-N,N-ditetradecylacetamide (ALC-0159),

– 90 µg 1,2-distearoyl-snglycero-3-phosphocholine (DPSC), and

– 200 µg Cholesterol.

□ Salts:

– 10 µg potassium chloride,

– 10 µg monobasic potassium phosphate,

– 360 µg sodium chloride

– 70 µg basic sodium phosphate dihydrate

□ Sugar:  6 mg sucrose

Comirnaty / Tozinameran by BioNTech / Pfizer
What is in it? 
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https://www.technologyreview.com/2020/12/09/1013538/what-are-the-ingredients-of-pfizers-covid-19-vaccine/
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Vaccinations by Vendor in Germany
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A total of 224.1M COVID-19 
vaccinations were applied in 
Germany (as of Apr 8, 2023)

BioNTech/Pfizer

Moderna

AstraZeneca

Johnson and
Johnson
Novavax

Valneva

Sanofi



FAQ for COVID-19
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FFaacctt

SARS-CoV-2 is a new 
Coronavirus variant

Severe infections exist and 
require people to stay on ICU 
sometimes up to weeks

Some people after infection due 
to resulting complications

Vaccines of different type are 
available to reduce risk of death

A small number of people 
profits from spreading fake 
news around Coronavirus

FFaakkee

Vaccines prevents infections / 
spread of the virus

Vaccines contains chip because 
they are so expensive

Testing reveals more infections

Vaccines affect fertility

Toilet paper prevents virus 
spread

Nasal swaps contaminate / 
infect the brain

Regular use of antibiotics, 
alcohol, natrium chloride spray 
protect against infections



■ Infections may

□ Use many transmission ways

□ Affect different body locations

□ Be triggered by numerous agents

□ Result in life-threatening events

□ Require intensive care

■ Bear in mind: Containment is the oonnllyy  ooppttiioonn to fight a 
pandemic spread, if no therapy is available 

What To Take Home?
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https://www.tagesschau.de/multimedia/video/video-797435.html


