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The importance of problems

• One of the current global problems of mankind is the proper state of water
resources, which is of concern due to water pollution by industrial effluents,
runoff from agricultural enterprises, excessive exploitation of water resources,
unsustainable water use.

These negative factors often lead to the spread of pathogens by water,

causing infectious diseases in humans and animals, including fatalities.

• Therefore, the rapid pathogens detection, namely viruses, in water is the
key to rapid response to biological risks, which in turn strengthens the biosecurity
of regions and countries.

• Therefore, we are developing new methods and devices based on the
phenomenon of surface plasmon resonance for rapid viruses detection in water
and biological fluids



The importance of problems

Almost 25% of the world's population (1.8 billion people in 2012) consume water contaminated with feces.
This water can contain bacteria, protozoa and viruses that cause various diseases.

Even the populations of countries with state-of-the-art water and wastewater treatment systems are prone to
outbreaks of waterborne diseases.

Poor water quality, poor sanitation and hygiene are responsible for approximately 90% of deaths from

diarrheal diseases in the world

// Aimee M. Gall, Benito J. Mariñas, Yi Lu, Joanna L. Shisler. Waterborne Viruses: A Barrier to Safe Drinking Water // Published:

June 25, 2015. -https: //doi.org/10.1371/journal.ppat.1004867.

Diarrhea is the second leading cause of death in children under the age of five worldwide (1.2 million deaths in

2012)

// UNICEF (2012) Pneumonia and diarrhoea: Tackling the deadliest diseases for the world's poorest children. New York, 

NY: Statistics and Monitoring Section- Division of Policy and Strategy,

// WHO (2008) Global networks for surveillance of rotavirus gastroenteritis, 2001–2008. Weekly epidemiological record 47: 421–428. pmid: 19024780.



The importance of problems

• The World Health Organization (WHO) classifies the following water-
borne viruses: 

adenoviruses, astroviruses, hepatitis A and E viruses, rotaviruses, 
noroviruses and other caliciviruses, enteroviruses, including Coxsackie
viruses and polioviruses. 

// WHO, 2011 Guidelines for drinking-water quality - 4th ed. Geneva, Switzerland: WHO Press.

In addition, viruses that are excreted in the urine, such as
polyomaviruses and cytomegaloviruses, can also potentially spread
through water.

Other viruses, such as influenza and coronaviruses, can be
transmitted through drinking water too. 

• More viral infections are dangerous for livestock and humanity.



The importance of problems
Water-borne viruses other than couse diarrhea, gastroenteritis, fever, and vomiting can lead to
more serious diseases, including encephalitis, meningitis, myocarditis (enteroviruses), cancer
(polyomavirus), and hepatitis (hepatitis A and E viruses) 

// WHO (2011) Guidelines for drinking-water quality -4th ed. Geneva, Switzerland: WHO Pres et al.

Some of these viruses have extremely low infectious doses; the probability of infection
from one rotavirus particle is 31%

// Fong TT, Lipp EK (2005) Enteric viruses of humans and animals in aquatic environments: health risks, 
detection, and potential water quality assessment tools. Microbiol Mol Biol Rev 69: 357–371. pmid: 15944460.

Viruses are excreted in the feces in very high quantities, even with asymptomatic
carriers. For example, one gram of feces can contain up to 1011 norovirus particles

// Hall AJ (2012) Noroviruses: the perfect human pathogens? J Infect Dis 205: 1622–1624. pmid: 
22573872.

Shellless viruses can persist in water for a long time (up to 21 days) and when they enter
the sediment can remain stable there at higher concentrations than in water

// Anisha Dayaram, Mathias Franz, Alexander Schattschneider, Armando M. Damiani, Sebastian Bischofberger, 
Nikolaus Osterrieder & Alex D.Greenwood. Long term stability and infectivity of herpesviruses in water // 
Published: 21 April 2017. –P.1-10.



The importance of  problems

The last concern for humanity is the Covid-19 pandemic and the
spread of the coronavirus. Therefore, rapid virus detection in water is a 
strategy to prevent viral infections and strengthen the biosafety system
in the world.

Therefore, we have developed an express method and a portable
sensor device based on the phenomenon of surface plasmon
resonance for the viruses detection in water and biological fluids.

The creation of an innovative portable device and method of
express control for the needs of utilities, industry, agriculture, as well as
in areas of military conflict is an important task in social terms.



Research goals

1. Determining the possibility of viruses detection
in drinking and distilled water by SPR method

2. An investigation of antigen (enteroviruses and
coronaviruses) kinetic interactions with specific antibodies in
different both concentrations in the presence and absence of
viruses in distilled and drinking water.



Surface Plasmon Resonance (SPR) is a
phenomenon that occurs when
polarized light hits a metal film at the
interface of media with different
refractive indices. SPR techniques excite
and detect collective oscillations of free
electrons (known as surface plasmons)
via the Kretschmann configuration, in
which light is focused onto a metal film
through a glass prism and the
subsequent reflection is detected.

What is the Surface Plasmon Resonance ? 



How does SPR biosensor work?

SPR biosensor consists of a sensitive
element and physical transducer. The
core of the transducer is an optical
platform in which a surface plasmon is
optically excited and examines an
interaction between receptor and
analyte



Plasmon-6 device was developed at the V. Lashkaryov
Institute of Semiconductor Physics NAS of Ukraine.

All experiments were held at the State Scientific Control Institute of
Biotechnology and Strains of Microorganisms.

External look of the 
“Plasmon-6” device with 
the SPR sensor and 
measuring two-channel 
flow cell. 

Refractive index measurement range 1.0 – 1.5
Detection limit of refractive index variation 0.00005

Angle-of-incidence setting precision 10 angular sec
Maximum angular scan 17o
Total measurement time of a single resonant curve 3 sec
Maximum time resolution of kinetics measurements: ≤ 3 sec
Maximum time resolution for Tracing measurement mode 1 sec
Maximum time resolution for Slope measurement mode 0.2 sec
Number of optical channels 2
Light source GaAs laser ( ƛ=650 nm)
Additional ADC input (optional) ±5V
Overall dimensions of the measurement unit 215x130x100 mm

Weight 2.5 kg
Computer connect COM port, USB

System Specifications:



ENTEROVIRUSES

• Enteroviruses are widespread in both humans and animals: include 
human enteroviruses (human polioviruses, Coxsackie viruses, ECHO 
viruses), monkeys, mice, pigs, cattle, birds, horses, dogs, deer, fish, and 
some insects.

• They are isolated from both sick and clinically healthy individuals, as well 
as from food, drinking water and wastewater. 

• Enteroviruses are resistant to natural environmental factors, well 
preserved in the soil, in groundwater at a depth of 60-90 meters. 

• Resistant to ether, chloroform, trypsin, and other fat solvents. They are 
stored in the frozen state for many years, at a temperature of +4 0C - for 
several months, and at room temperature - up to 70 days. 

• Enteroviruses can withstand repeated freezing and thawing without loss 
of activity. Best stored frozen. In tap (drinking) water they survive up to 
20 days, in river water - up to 30 days.



Negative control of BHK-21
clone 13 cell culture (absence
of viral cytopathic effect)*

*Carl Zeiss Axiovert 40 Inverted Microscope,
magnification х 100

Cytopathic effect by 
Porcine Teschen disease 
virus, “Dnipro 34” strain*

Materials:
- Teschen disease porcine enterovirus A, “Dnipro 34” 
strain
- Hyperimmune serum, 11 log2 NAbs 50/сm3

- Nutrient medium “DMEM High Glucose”, w/L 
- Glutamine, w/o – Sodium Pyruvate
- Fetal Bovine Serum Premium” (Biowest, USA)
- “Trypsin 0,25%”, w/o Calcium, w/o Magnesium, w/o - -
- - Phenol Red, Sterile Filtered (Biowest, USA)
- Antibiotic Gentamycinum

ENTEROVIRUS INVESTIGATION (DETECTION)



Kinetic of enterovirus immobilization on the
sentisitive element of SPR sensor
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Kinetic of enterovirus and specific serum
interaction in the different concentrations
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Time of measurement, min

Teschen disease virus, titer 8.5 lg TCD50 /cm3

10% concentration

Hyperimmune serum, 11 log2 NAbs 50/сm3

1% concentration

The comparison of antigen-antibody interaction kinetic in distilled and 
fresh water (enterovirus)

Result for the sample with distilled water 220 arcsec.
Result for the sample with fresh water 140 arcsec.



Conclusion on enterovirus research

• 1. The possibility of enterovirus detection in the water by and portable 
device and method based on the phenomenon of surface plasmon
resonance. The high sensitivity, specificity and competitiveness of the 
method are shown.

• 2. In distilled water, the possibility of virus detection has been proved by 
diluting it 10 and 100 times and by diluting specific serum 100 and 1000 
times. Optimal dilutions of antigen and serum are 1:10 and 1: 1000, 
respectively.

• 3. Comparative analysis allows to detect the presence of the virus starting 
from 20 minutes!

• 4. Detection of the virus in running water by surface plasmon resonance (by 
diluting it 10 times and diluting the specific serum 100 times) is 1.57 times 
less effective than by detecting it in distilled water



Detection of coronavirus by surface plasmon
resonance

• The purpose of this work is to study features of an antigen–antibody 
interaction of chicken infectious bronchitis coronavirus by the 
method of surface plasmon resonance.

• The interaction of antigen and specific serum in distilled water and in
buffere saline was investigated.

• Antigen immobilization - on a sensitive element with pure gold.

• Antigen diluted 10 times, specific serum and negative serum at a
dilution of 1: 100.



Coronaviruses

Reference-standard of coronavirus (positive material):

chicken infectious bronchitis virus, variant strain “1/96”

related to 793B genetic group. The titer of virus was

repeatedly determined by titration in chicken embryos and

expressed in embryo infectious doses in 1.0 cm3 (EID50/cm
3)

and equal to 6.03±0.32 lg EID50/cm
3.

The titer of specific to IBV antibodies was determined

by ELISA (BioChek company diagnostic kit,The

Netherland), ad was equal to 1:5824.

Reagents and buffer solutions: 11-mercaptoundecan

acid (MUA) (Merck, USA), 11-mercaptoundecanol

(MUOL) (Merck, USA), 1-ethyl-3-(3-diethylaminopropyl)

carbodiimid (EDC) (Merck, USA), N-hydroxysuccinimid

(NHS) (Merck, USA), buffer MES in the distilled water

(100 mg/mL) (Merck, USA), physiological saline (pH 7.3)

and distilled water (pH = 6.8), own production.



Kinetics of binding of negative and positive serum to antigen 
(coronavirus), dilution in buffered saline and distilled water.



The comparison of antigen-antibody interaction 
kinetic in water (coronovirus)

Kinetics of antigen-antibody 
interaction in case of serum 
immobilization

When the serum is immobilized on the
sensor surface and subsequent binding to the
antigen, a negative response is observed in the case
of a specific interaction (Δθ = -1183.2 angular sec)

At that time, for the negative serum, an
interaction with the antigen (Δθ = 131 cc) was
observed, which was identical to the mean response
value for binding of the negative serum to the

immobilized antigen.

Comparative analysis of the initial sections of these two curves 

allows you to detect the presence of the coronovirus even 

from 10 minutes!



Conclusion on Coronavirus Research
• 1. To detect the interaction of coronavirus with a specific antibody by SPR, it is 

necessary to use a sensor without functional coating, ie - pure gold, which 
reduces the study time by 1 hour and eliminates the associated costs of reagents.

• 2. The use of different buffers for the preparation of dilutions of antigens and 
sera significantly affects the outcome of the study. When preparing dilutions in 
distilled water, the value of the minimum SPR shift was 3.3 times higher than 
when diluting them in buffered saline. However, the response for the interaction 
of antigen with negative serum was also higher (1.7 times).

• 3. When immobilizing the serum on pure gold, a negative response was observed 
with specific interaction with the antigen. 

That is, the use of antigen as a receptor and serum as an analyte. In this 
case, the existence of the reverse interaction is revealed: at specific interaction 
antigen-antibody complexes are formed, which are subsequently removed from the 
surface of the sensitive element when washing the measuring cuvette.



1. High sensitivity of the device - an ability to detect a small concentration of
substance in the sample.
2. Significant reduction of research time.
3. It doesn`t require for using of specific markers or fluorescent labels.
4. Minimization of consumable materials.
5. Using of a small amount of samples in the research.
6. Bioethical aspects.
7. Wide range of use – the same device can be used for detection of toxins,
hormones, viral and bacterial pathogens, pesticides, heavy metals etc.
8. Portable size

Main advantages of SPR before traditional methods
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