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Aquatic Virology

. Environmental virology
Enteric Viruses
Monitoring, treatment, health risks
Virioplankton
Influence on agquatic ecosystems
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Virioplankton

Virioplankton may be defined as the most abundant part of the
microscopic communities in aquatic ecosystems, including
viruses infecting bacterio- and phytoplankton. Those viruses
are present in seawater and freshwater

More than 1082 viral particles may exist in 1L of marine water

More than 10%° viral particles constitute the Earth's
virioplankton community

In general, viral lysis affects the carbon and nutrient flow
through different compartments of the food web

In marine pelagic systems, between 6% and 26% of the
photosynthetically fixed carbon is channelled or ‘shunted’ to
the dissolved organic matter (DOM) pool by viral lysis of cells
at all trophic levels

Virioplankton is a strong force driving microbiological diversity
on water ecosystems




Miriraviow

Are viruses driving microbial diversification and

diversity?

P
Lysis. ‘Killing the winner'
Keeping in check competitive
dominants thus allowing for
ci-exisience of prokaryolic species

C

Lysogeny: Phage conversion
lmmmunity agamst homologous pluges
Transfer of morphologic and
metabolic traits
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[ysis: Lysis product release’
Organic matter source, which is used
differently by prokaryotic species.
Phage borne enzymes affecting
species in different ways

Transfer of host encoded marphologic
wnd metabolic traits
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Water Quality monitoring

Physical and chemical parameters
Microbiological analysis

Markers:
Classic X Advanced




Tecnologiae

Tendantlns
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Rotavirus

*Principal
responsavel por
gastroenterites

em criangas

Adenovirus Enterovirus | | Torque teno Norovirus
' *DNA de fita '* *RNA fita '+  Virus oo ,
dupla simples *DNA circular RNA fita
*Causador de . ! fita simples | simples
X G.LISG“OP e ' *Causador de X ) X *Causa surtos de
dlar'r'elfls, diarréias *Provavel diarréia e
' pneumonias e 1, e conjuntivites . , causadc?r' — ' vomitos
conjuntivites hepatites
L. — . . e JL .
vl ~ ° V4 °
Virus ndo-envelopados e icosaedricos
=
Trato gastrointestinal
v, 3 . Contaminagdo do
T a .
ransmissao |> solo, alimentos e
fecal-oral

agua

. *RNA dupla fita :




Rotavirus

Waterborne > fecal-
oral route
transmission

A

A P
L E AT Pt
s nhia]

Diarrhea, vomiting,
wasting, death

Children under 5-
years of age,
developing countries

Mature Heviews | Microbaolagy
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History of Environmental
Virology

1940s- Melnick samples East River
1950s- Hepatitis epidemic in New Delhi

If viruses can infect cell cultures, they
can infect animals & humans

G. Berg: “Any amount of virus In
drinking or recreational water that is
detectable in appropriate cell cultures
constitutes a hazard to those drinking
such water.”




Enteric Viruses

Viruses that “grow” in the gut and can
spread to other organs

Spread via fecal-oral route

Over 100 types isolated from human
feces >>> na verdade 140

Can be In concentrations as high as
104-10° pfu/g feces >> em muitos
casos mais gque issol!!!

Some can su_rV|ve secondary treatment,
I.e. chlorination




Sanitation

REFRESA

BOMBEAMENTO DE AGUA BRUTA

SULFATO DE ALUMRINIO DISTRIBUNG Aﬂ
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FLOCULACAOQ DECANTACAD = RESERVATORIO
FILTR AG AO DOS BAIRROS
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Portaria MS
N° 518 de 25/03/04

Estabelece os procedimentos e responsabilidades
relativos ao controle e vigilancia da qualidade da
agua para consumo humano e seu padrao de
potabilidade , e da outras providéncias.




Tabela 8 - Numero minimo de amostras mensais para o controle da
qualidade da agua de sistema de abastecimento, para fins de analises
microbiologicas, em funcdo da populacéo abastecida.

PARAMETRO SISTEMA DE DISTRIBUICAO (REDE E
RESERVATORIOS)

Populacdo abastecida

5.000 a 20.000 a

<5000hab  20000hab  250.000 > 250.000 hab

Ihah
18

105 + (1 para

2.000 hab,) ~ Maximo de

~ o~ o~

1.000
NOTA: Na saida de cada unidade de tratamento devem ser coletadas, no
minimo, duas amostras semanais, recomendando-se a coleta de, pelo menos
ftras semanais.







Drinking water should be free of fecal contamination due to
health issues

Fecal contamination is mainly determined by the detection and
qguantification of fecal coliforms

The absence of fecal coliforms does not ensure the safety of
water since enteric viruses are more resistant than bacteria to
both environmental conditions and conventional water
treatment




Non-enveloped (naked) viruses

Viral capsids are @
highly to extremesof ¢ @ :
pH, temperature, @ NAKED *
disinfectants, etc




Filtration

Inneficacious:
20 - 200nm!




Disinfectants

Adenoviruses, enteroviruses, and rotaviruses are highly
resistant to chlorine and other disinfectants commonly
used for water treatment




Persistance under environmental
conditions

E. coli ~3 weeks > regrowth outside the host in
tropical/subtropical areas!

Enterovirus 120 days
Adenovirus ~ unknown




Which are the hosts involved?

E. coli = very difficulty to discover the host, since it is non-
specific

Enteric viruses = mainly host specific > both genomic and
antigenic tools may allow to discover the host's species
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Conceptual challenges

Infectious (complete) X Non-infectious (partly destroyed viral particles)
Viral isolation X molecular detection

More training X more money

Since we commonly found at least one of these viruses in water samples:
Which will be the “maximum accepted dosis”?
Risk analysis
How to control the contamination?
UV (at least for Adenoviruses...)

New chemicals, new physical methods for destruction and removal




How to start: collecting points

N EUEWAE

Geoprocessing
Contamination plumes
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Volume adopted for sampling

On the past = huge! (10-1000L)

Today = the less, the better > concentration of
molecular detection inhibitors and cell culture toxic
subhstance

virlable ot Sciancelhoo r=.-

' Vinhasl
. Journal of Virological Methods

LtV ]
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Comparison of methods for concentrating human adenoviruses, polyomavirus |C
and noroviruses in source waters and drinking water using quantitative PCR

Mestor Albinana-famenez *", Mlar Clemente-Casares”, Byron Calgua”,
josen Maria Huguet ™, Soplie Courtard®, Rasina Girones®*




Concentration of samples

Viruses are commonly highly diluted in water, thus
requiring previous concentration of samples to undergo
detection

Filtration using electric charged membranes

BIEWSIES

Ultracentrifugation

Flocculants (alum, PEG, etc)

Imunoafinity

Shellfish and fish




Concentragao das amostras

Amostras de agua (500ml)

l

Homogeneizar com 0,3g de MgCl, e gjustar pH (5,0)

l

Concentrar em Membrana negativa HA 0,45 um

l

Rinsar com 87,5 ml de 0,5 mM H,SO, pH 3.0

l

"B ITDITOFE3I G333 ZEM
eutralizar o filtrado com 12,5 pl de 50 mM H,SO, e 100X tampéo TE

Modificado de Katayamaet al. 2002.
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Periodos de coletas

Pontos de
coleta
Mar Abr Mai Jun Jul Ago Set Out
TTV = = = = = = = =
Enterovirus - - - - - - - -
AFLU C. totais 4,2x107 4,4x107 1,3x107 2,0x107 1,6x107 1,7x107 9,9x106 1,4x107
E.coli 1,7x107 8,7x106 3,1x106 6,5x106 1,6x107 3,1x106 1,6x106 2,4x106
pH 7.1 7.1 7,2 7.3 7.1 7,0 6,8 6,8
Enterovirus @ - ® - - - -
EFLU )
C. totais 6,1x105 4,4x104 1,1x105 5,2x105 1,2x105 1,2x105 3,6x104 5,1x104
E.coli 1,2x105 1,1x104 1,8x104 5,8 x104 6,1x104 2,5x104 2,5x104 2,9x103
pH 6,8 6,7 6,6 6,6 6,7 6,7 6,7 6,7

Resultados das analises da presenca de TTV, Enterovirus, Coliformes totais (NMP/100mL), Escherichia coli (NMP/100mL) e pH
dos pontos Afluente (aflu) e Efluente (eflu), da ETE Sdo Jodo — Navegantes Porto Alegre.
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Drinking water collected on
schools (tap/ dirnking water)

FEER
i fconomio ®  Microrregites geogrificas (IBGE), Rio Grande do Sul — 2008
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TTV and/ or Enterovirus in tap water

Amostras de agua 4/34 10/34
de torneira de
escolas
municipais e
estaduais do RS
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SINOS River

Peixes Piava (Leporinus
obtusidens)

|

Gene da

pro‘riva vpb
Coleta em 4 pontos, desde a nascente até o delta

PCR
38



Rotavirus

Controle
Ponto 1
Ponto 2
Ponto 3
Ponto 4

Tabela 5 - Eesultados de detecr;.i!:: viral nos de peixes referentes aos
pontos de coleta. Comparacio entre presenca de e detecgio de Coliformes Fecais
- o

oLi).

Deteccdo viral por Peixe Peixe Peixe Peixe Peixe Peixe Peixe Peixe

29,4
10,1 x 10z
Ponto 3 473 x 10z
Ponto 4 53,8 x10:z







Climatic changes and human health

B -:'_:1|::-r._.1L 1:n4:--1n I_Errl_rl-E-iﬂt“:”_'_ i | / Direct effeCtS

/" Heat consequences:
circulatory diseases,
respiratory disorders, skin
diseases, etc

/" Indirect effects

7/ Increase of chemical risks

7/ Toxins (algeal blooms,
pesticides)

/" Diseases transmitted by
arthropods

/7 \Waterborne diseases!
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Total 0y Greenhouss Gat Emisclons In vhie Year 2000, by Cauntry

Estimated Deaths Attributed to CHmate Change in the Year 2000, by Suliagion®
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Mudancas climéticas globais e recursos hidricos com

HIFG il o] 1daa

enfoque para as bacias hidrogrificas
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Figura 3. Precipitagio médin didna {(mm/dia) de Novembro ¢
Dezembro para os anos de 2020, 2050 e 2080, dos centrios A2 e
Bl representada ;:.'|:| médin de 6 modelos chimancos globms do
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Achieved Storm Intensity
Under Idealized Conditions

Category 5
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Heavy rainfall and diarrhea

Kainfall, mL

Figure g1 Assncsahion fbirtuees o witker -hoene disivase oplbreaks The
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Laboratorio de Microbiologia
Molecular (12.08.2010) > Spilki, Almeida, Cantarelli
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