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Determination of living bacteria:      
Classical method 

 Biofilm Centre 

Plate counting 



Gold standard for detection of pathogens: 
Cultivation methods 

Ĕ Assessment of sterilization 

Ĕ Assessment of disinfection efficacy 

Ĕ Assessment of drinking water quality 

Ĕ Assessment of food and beverage safety 

Ĕ Assessment of pharmaceutical safety 

Ĕ Assessment of catheter, implant etc. safety 

üUntil now, risk assessment is based only on 

cultivation methods 

This is a considerable health risk:  

ĔUnderestimating presence of pathogens 

ĔOverestimating efficacy of disinfection 
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Safest life sign: Colony formation 

Colony (cfu)  

Only those which 

are fully alive 

Between the colonies 

G. Tuschewitzki 

Have these 

organisms lived 

or were they 

dead? They are 

not detected as 

cfuËs 

Total cell number: DNA-specific dye, no 

distinction between living and dead cells, 

maximal number of organisms in a 

sample 
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The Great Plate Count Anomaly 

 
Staley & Konopka, Ann. Rev. Microbiol. 39, 321;  

K. Lewis  



How many microorganisms are in our drinking 
water? 
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Drinking water is not sterile ï and doesnËt have to be so 

Bacterial numbers in drinking water: depending on method 

ü DEV-method: 1-10 cfu/ml (20/37 ÁC, 1 d) 

ü HPC on R2A: 10-1.000 cfu/ml (20 ÁC, 7 d) 

 

 

 

 

 

 

 

 

 

ü Total cell number with DAPI, acridin orange: 103 ï 104/ml 

ü cfu numbers: partial amount of total cell number 
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What we do not find by 

cultivation methods: 

Maintenance metabolism 

 Organisms which do not grow 

because they have entered 

maintenance and repair mode 

because of:   

- disinfectants, antibiotics 

-  toxic metals 

- or are dormant due to unsuitable 
 temperatures 

How dead is dead? 

Biofilm Centre 

What we find by cultivation 

methods ï no colony = dead? 

Growth metabolism 

Resuscitation possible Return of the 

mummies 



Biofilm growth on various materials of 
domestic drinking water systems 

Geometric mean of 2 - 8 independent experiments during 7 ï 43 d 

Biofilm Centre 

Colony number: subset of total cell number 

Nonculturable    

= dead? 
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Moritz et al., Int. J. Hyg. Environ. 

Health 213, 190-197 (2010) 
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Cu inactivates P. aeruginosa time and 
concentration depending 

Concentration-dependent 

loss of culturability 

Time-dependent 

loss of culturability 

10 µM Cu 

Biofilm Centre 

Moritz et al., Int. J. Hyg. Environ. Health 213, 190-197 (2010) 

Dwidjosiswojo et al., Int. J. Hyg. Environ. Health 214, 485-492, (2011) 
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Life signs: Evaluating various cellular 
processes in order to assess viability status 

Hammes et al., Adv. Biochem. Engin/Biotechnol. 124, 123-150 (2011) 



Life sign (1): Membrane integrity  

Example: P. aeruginosa 

Observation: at log phase, 85 % of total cell number culturable, 80 % Ădeadñ 

Consequence: propidium iodide diluted 1:200 

Caution: 

Red is not necessarily Ădeadñ 

üPI sensitivity varies with 

organisms and depends on  PI 

concentration 
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24 h, 10 mg/mL pipemidic acid, 20 ÁC 

Untreated (absence of copper) 
Exposed to copper-containig 

drinking water 

ü Cell elongation inhibited by copper, 

ü Numbers of copper-exposed metabolically active cells were similar to 

    those of colony counts. 

Life sign (2) Cell elongation [DVD] 

J. Wingender, M. Moritz, A. Dannehl, Biofilm Centre 

Biofilm Centre 

ü Metabolic response to R2A medium to pipimedinic acid 

ü Gyrase inhibitor, prevents cell division 

ü Live sign: cell elongation 
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Life sign (3): Reduction activity [CTC] 

CTC reduction activity in presence 

of various copper concentrations 
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Life sign (4): ribosomal activity  
Example: survival of P. aeruginosa in biofilms 

Establishment of P. aeruginosa AdS, isolate from contamination case 

ü In biofilm (EPDM, W270) cultivated on CN-agar  

ü FISH (Fluorescence-in-situ-hybridization), gene probe Psae16S-182. 

ü Persistence of P. aeruginosa in drinking water biofilm on EPDM in 

 viable but not culturable (VBNC) state 
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J. Wingender, M. Moritz, A. Dannehl, Biofilm Centre 
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Life sign (4):        
DVC-FISH 

Example: In situ hybridization 

performed with E. coli ATCC 25922 

cells in stationary growth phase.  

 

A: Hybridization performed with the 

HRP-ENT1 probe and  

 

 

 

 

 

B: Hybridization after DVC assay 

(nalidixic acid, 10 g/ml, 35+2 ÁC, 2 h of 

incubation in nutritive broth) 

 

(Hybridized cells: FITC-TSA system) 

Baudart et al. AEM 68, 5057-5063 (2002)  
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Resuscitation ï return to culturability 

ü Abolishment of stress factors  

Ĕ More suitable temperature 

Ĕ Removal of inhibiting metals (e.g., by copper chelator) 

Ĕ Termination of stress (e.g., UV, radioactive irridiation) 

Ĕ Neutralization of antibiotics, biocides 

Ĕ Lowering of osmotic stress 

 

ü Exposure to more favourable conditions 

Ĕ Improvement of nutrient situation 

Ĕ Resiccation 

Ĕ Presence of Ăhelpersñ (Lewis), Ăscoutsñ (Slava Epstein) 

 

ü Other options 

Ĕ Uptake of resistance plasmids 

Ĕ Repair mechanisms (e.g., UV or membrane damage) 

Ĕ Uptake by amoebae or other hosts (animals, humans, plants?) 



Example: P. aeruginosa after           
inactivation by Cu2+ 

Pretreatment: 24-h incubation 

with 10 µM Cu, 20 ÁC 

Copper-treated P. aeruginosa (VBNC bacteria) can be resuscitated, 

when copper stress is abolished. 

VBNC state 

Resuscitated 

Control 

Total cell counts remained constant in all cases 
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http://en.wikipedia.org/wiki/File:Sodium_diethyldithiocarbamate_2.png


Cytotoxicity on Chinese hamster ovary cells 

Copper-stressed VBNC bacteria do not affect the vitality of mammalian 

cells, but upon resuscitation, VBNC bacteria can regain cytotoxicity. 

Biofilm Centre 

Copper-stressed bacteria 

DDTC alone 

P. aeruginosa alone 

P. aeruginosa copper 

stressed with DDTC 

Moritz et al., Int. J. Hyg. Environ. Health 213, 190-197 (2010) 

Dwidjosiswojo et al., Int. J. Hyg. Environ. Health 214, 485-492, (2011) 

 



Deionized 
water 

2-Propanol (70 %) 

Cu 1 µM Cu 1 µM + 
Chelator 

Cu 10 µM Cu 10 µM + 
Chelator 

L. pneumophila 
FC, live/dead 
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FL1 (green fluorescence) 

CyFlow Space,  

Partec 

ü Comparison of distribution 
pattern of bacteria 

- L. pneumophila in deionised water 
- After treatment with 70 % 2-

Propanol 
       (injured/killed) 
- Copper-exposed  (1, 10 µM) +/- 

DDTC 
 
ü L. pneumophila in deionized water     

(+/- Cu) and (+/- DDTC) show 
similar distribution patterns 

 
ü Injured or killed bacterial cells 

show completely different pattern 
 
ü Confirmation that membranes of 

copper stressed cells                  
were not damaged 
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