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Rotavirus: One of the Most Common Diarrhea
Causing Viruses

Occurrence and Emission of Rotavirus to Surface Waters

Rotavirus, Pesavento et al.,
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Rotavirus emissions (log10 viral particles / grid / year)
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Rotavirus Serotypes

 The capsid consists of VP2, VP6, and VP7
 VVPG6: 7 serological groups (Ato G)

 VP7 (glycoprotein): 14 G serotypes

* VP4 (hemagglutinin protein): P serotypes

, et al.(2009) Rotavirus and rotavirus vaccines
British Med Bull (2009) 90 (1)



http://bmb.oxfordjournals.org/search?author1=Ulrich+Desselberger&sortspec=date&submit=Submit

Human and Animal Rotavirus Found In
Lettuces from AZ
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Reuse of Treated Wastewater

Urbana-Champaign Wastewater Treatment Facility

Google earth image



1.

2.

3.

Project Objectives

Determine the molecular mechanisms
responsible for virus inactivation

Determine factors required for effective virus
iInactivation by natural sunlight and UVC
Develop pond and UVC design guidelines to
achieve reliable virus inactivation and elucidate
trade-offs across and within dimensions of
sustainability.



Sunlight Is The Most
Important Factor

Causing Disinfection In A S |
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Indirect photo-oxidation

damage IS caused by 100 |
generating ROS that damage & =
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Experimental Setup
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with filters <
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— = 3/3/2013 at 12 pm (Cloudy)
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Hypotheses

. The phenotypic and genotypic differences
between virus strains can be used to identi
the molecular mechanisms responsible for
susceptibility to solar and UVC inactivation

. a) Photo-oxidation of viruses depends on t
reactions between viruses and reactive rad
formed upon irradiation of wastewater, b) d

fy

viral

ne
Icals
irect

effect of UVC Iirradiation on viruses depends on

the irradiation wavelength and the specific
absorbance (SUVA) of the wastewater

. Human health risk and life cycle ecological
Impacts can simultaneously be reduced by
leveraging solar disinfection.

UV
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Insignificant Endogenous Inactivation of Human and
Porcine Rotavirus at 25°C
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Romero-Maraccini, et al. ES&T 2013
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Human Rotavirus Is More Susceptible to Exogenous
Inactivation by Direct Sunlight UVA than Porcine
Rotavirus at 25°C
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Romero-Maraccini, et al. ES&T 2013
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Indirect UV-A Inactivation of Porcine
Rotavirus Is important at 40-50°C
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Romero, et al. ES&T 2011



Inactivation of Human Rotavirus at 25°C Correlates
with Inactivation of Porcine Rotavirus 50°C

=
Ul

-

Sensitizer-free Buffer Control
7 ] Blavet River DOM (20 mg C/L)

1.0} 'y )
Lk v HA Suwannee River DOM (20 mg C/L)
7 06006 | * EfOM - hydrophilic fraction (20 mg C/L)
05 Rt A EfOM - hydrophobic fraction (20 mg C/L)
- R=0.98 0 NaNO, (43 um)
g p <0.0001 = NaNQ, (0.59 mV)

00005 10 15 20 25
Porcine Rotavirus k. (h™)
obs

Human Rotavirus k __(h™)

Romero-Maraccini, et al. ES&T 2013 16




Reactive Oxygen Species in Natural

Water
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| SN2 D

SDOM* 192

*OH triplet excited singlet oxygen

Hydroxyl [ ]

radical Ciz'
*COL% H,0, *OH

NYArOgenN mmmmy Hydroxyl
peroxide radical
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Triplet DOM Can Inactivate Human

Rotavirus
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Singlet Oxygen 1O, Does Not
Inactivate Human Rotaviruses
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Can H,O, Inactivate Rotavirus?

* 0, 6, and 60 uM of H,O, did not show significant
Inactivation of rotavirus at 50°C in the dark.

e The measured [H,0,] at 50°C in 20 mg/L TOC
was ~ 6 UM after the 3 hrs of the experiment.

e Thus, H,0O, Is not directly responsible for
rotavirus inactivation at 50°C.
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Need to look at OH radicals

NO, DOM ==!DOM*

| N/ P
3DOM* 0,
*OH triplet excited singlet oxygen
Hydroxyl [ |
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Hydroxyl Radical Is Responsible for
Inactivation of Human Rotavirus Wa:
Hypothesis 2a Was Proven
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Indirect UVA Inactivation of Human Rotavirus
In Waste Stabilization Pond Water
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Inactivation Rate Constants Correlated
with SUVA
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Log Inactivation (FFU/mL)

Porcine Rotavirus Is More Resistant Than
Human Rotavirus
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Significant Differences in Structural Protein
Sequences of Human RV Wa and Porcine RV OSU

% identity of OSU

dsRNA segment

to Wa

!I
-U

e \P1VP3 97

e VP2 97

-‘ 04

69

/5

Manuel A. et al., 2007. o4
o3

VP/ 79

Romero-Maraccini, et al. ES&T 2013 26



Rotavirus Reassortment

Hu Human Rotavirus Animal Rotavirus
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— Nature Medicine 11, S16 - S19 (2005) 27




Distribution of RV Genotypes Reported to the
WHO Surveillance Network in 2010
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Studied Rotavirus Serotypes

RV Glycoprotein

Gl Wa Human
G2 S2 Human
G3 YO Human
G4 ST3 Human
G5 OoSuU Porcine

* VP6 : 7 serological
groups (Ato G)

* VP7 (glycoprotein) :14
G serotypes
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Effects of Solar Irradiation and
Temperature Treatments on the Life Cycle
of Human Rotavirus Wa
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Rotavirus Life Cycle
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Effects of Treatments on RV Life Cycle
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1.

2.

3.

Year 1 Summary

Hydroxyl radical produced by organic matter
triggers rotavirus Wa inactivation (hypothesis
2a Is proven for one strain).

Genetically different strains of rotavirus have

different susceptibility toward solar disinfection.

When using solar disinfection, the decrease In
RNA synthesis was responsible for
approximately one-half of the decrease In
Infectivity, suggesting that other mechanisms,
Including posttranslational, contribute
Inactivation.
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Year 2 and 3 Plan

1. Determine the molecular mechanisms
responsible for inactivation of different RV
strains;

2. Determine factors required for effective virus
Inactivation by UVC; and

3. Develop pond and UVC design guidelines to
achieve reliable virus inactivation and elucidate
trade-offs across and within dimensions of
sustainability.
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