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Background

✓Waterborne diseases have emerged as a stern global health burden worldwide, with more than 2.2 

million associated deaths and an economic loss of nearly 12 billion dollars, per year.  

✓The microorganisms can enter human body through consumption or exposure to contaminated water.  

✓Microbial water quality for drinking and recreational purposes has been solely evaluated based on the 

quantification of fecal indicator bacteria (FIB). 

Fecal coliforms           Intestinal enterococci

World Health Organization (WHO). Water Sanitation and Health 2015. 
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Laboratorial 

methods
Culture-based  

Nucleic acid-

based 

Immunological 

Protein-based

Li, J. et al. Infectious Diseases 2020, 71(S2), S84–90.       Kumar, S. et al. Sensors 2019, 19(20), 

4476

On-site methods

Electrodes

Microfluidic

Lateral flow   

Paper-based
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Deshmukh, R. A.; Joshi, K.; Bhand, S.; Roy, U. Microbiology Open 2016, 5(6), 

901–922

Laboratorial 

methods
Culture-based  ✓ Selective  

✓ Differential 
✓ Chromogeni

c
Nucleic acid-

based 

✓ PCR based 
✓ Microarrays 
✓ Next-generation sequencing (NGS) 
✓ Fluorescence in situ hybridization 

(FISH)
Immunological ✓ ELISA - enzyme-linked immunosorbent 

assay  
✓ IFA - immunofluorescence assay  
✓ SNTs - serum neutralization tests

Protein-based

✓ MALDI TOF
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Laboratorial 

methods
Culture-based  

Nucleic acid-

based 

Immunological 

Protein-based

Limitations 
✓ Pre-enrichment and/or concentration 

requirement 

✓ Cross-reactivity 

✓ Time consuming / Work load 

✓ Costs 

✓ Trained personnel 

Advantages

✓ Low detection limit 

✓ Multiplexed 

detection 
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On-site methods

Electrodes

Microfluidic

Lateral flow   

Paper-based

Li, J. et al. Infectious Diseases 2020, 71(S2), S84–90.       Kumar, S. et al. Sensors 2019, 19(20), 

4476

✓ High contact surface 

✓ Biocompatibility 

✓ Ease probe immobilization 

✓ Sterilization 

✓ Disposable 

✓ Nanomaterials incorporation

Substrate

✓ Paper 

✓ Glass 

✓ Silk fiber 

✓ Graphite 

✓ Polymers

Sample migration through hydrophilic channels/layers 
and test zones bounded by hydrophobic barriers (different 

printing techniques can be used – wax, ink, varnish). 

Sample reaction with immobilized probes/chemical 
reagents with signal generation and detection.
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Detection 

✓ Visual detection 

✓ Fluorescence 

✓ Colorimetry  

✓ Electrochemistry 

✓ Smartphone integration

Reaction

✓ Enzymatic 

✓ Immunological 

✓ Microarrays 

✓ PCR – coupled 

✓ LAMP - coupled

On-site methods

Electrodes

Microfluidic

Lateral flow   

Paper-based

Li, J. et al. Infectious Diseases 2020, 71(S2), S84–90.       Kumar, S. et al. Sensors 2019, 19(20), 

4476

Bacteria

✓ E. coli 

✓ Salmonella 

✓ Vibrio cholerae 

✓ Pseudomonas 

✓ Legionella
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Limitations 

✓ Accuracy 

✓ Resolution 

✓ Sensitivity 

✓ Multiplexed detection 

Advantages

✓ Low cost 

✓ High throughput 

✓ Easy to use 

✓ Short time 

✓ Minimal sample requirement 

✓ Easy interpretation 

✓ On-site applicability

On-site methods

Electrodes

Microfluidic

Lateral flow   

Paper-based

Li, J. et al. Infectious Diseases 2020, 71(S2), S84–90.       Kumar, S. et al. Sensors 2019, 19(20), 

4476
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Conclusions

✓Concern with naturally occurring potential pathogens associated 

with climate change has been arising. 

✓The abundance of potential pathogenic microorganisms can change 

within short time periods having an impact on water quality.

On-site fast, affordable, easy to use methods for detection 

and quantification of waterborne bacteria in order to 

predict and evaluate potential risk to human health.

NOAA - https://www.ospo.noaa.gov                   Costa-Dias, S.; Machado, A.; Teixeira, C.; Bordalo, A.A. Water 2018, 

10(2),173 
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