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Pressure

\V"J)W World Health
“\.}?3\;% Organization

“Water is essential to sustain life, and a satisfactory (adequate, safe and accessible)
supply must be available to all.”

World Health Organization, 2017
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2017 - 71% of the global population (5.3 billion people) already used
a safe-managed contamination-free water service

World Health Organization

According to the WHO, an estimated 785 million people do not have
access to safe water

World Health Organization

At least 2 billion people have used a source of water contaminated with feces
World Health Organization

Global economic losses associated with improper supply of potable water
and inadequate sanitation are around $260 billion annually

World Bank - Hutton, 2012




Waterborne outbreaks
associated with drinking water

Etiology of drinking water—associated outbreaks, by year — USA, 1971-2014
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Centers for Disease Control and Prevention - https://www.cdc.gov/healthywater/surveillance/drinking/2013-2014-figures.html



Waterborne outbreaks
associated with drinking water

Etiology of Drinking Water Outbreak-related cases — USA, 2013-2014

Cases (N=1,006)

Bacteria, non-Legionella 0% Unioiowt 0%

Multiple 1%

Chemical/Toxin
50%

Parasites
29%

Centers for Disease Control and Prevention - https://www.cdc.gov/healthywater/surveillance/drinking/2013-2014-figures.html



Water in the world
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6.1 “By 2030, achieve universal and equitable access to safe and affordable drinking water
for all.”

* 6.3 “By 2030, improve water quality by reducing pollution, eliminating dumping and
minimizing release of hazardous chemicals and materials, halving the proportion of
untreated wastewater and substantially increasing recycling and safe reuse globally.”

United Nations - https://sdgs.un.org/goals/



Water in the world

Guidelines for
Drinking-water
Quality

« WHO, 2017 -> guidelines on monitoring and
quality control of drinking water

* This version of the document recommended the
analysis of more pathogens, like enteric viruses




Water-related pathogens

Helminths

Viruses




Transmission pathways for water related pathogens

generalized
infection may
occur

Gastrointestinal

Respiratory

. Inhalation and
Ingestion aspiration Contact
(Drinking) (Aerosols) (Bathing)
Route of # * J
infection
Sepsis and

Skin (especially if abraded),
mucous membranes,
wounds, eyes

v v

Bacteria Viruses
Campylobacter Adenoviruses
Jjejuni/coli Astroviruses
E.coli- Enteroviruses
Diarrhoeagenic Hepatitis A
E. coli - virus
Enterohaemorrhagic Hepatitis E
Francisella virus
tularensis Noroviruses
Salmonella enterica, Parechoviruses
S. bongori and Rotaviruses
S. Typhi Sapoviruses
Shigella dysenteriae
Vibrio cholerae
01 and 0139

WHO. Guidelines for Drinking-water Quality. 2017

v v

Protozoa and Adenoviruses

helminths Enteroviruses
Cryptosporidium Legionella
hominis/parvum pneumophila
Cyclospora Mycobacterium avium
cayetanensis complex
Dracunculus Naegleria fowleri
medinensis Parechoviruses
Entamoeba
histolytica
Giardia
intestinalis
Toxoplasma
gondii

Y

Acanthamoeba culbertsoni
Burkholderia pseudomallei
Leptospira interrogans
Mycobacterium avium
complex
Schistosoma mansoni
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Monitoring enteric viruses in different water
matrices: implementation of methodologies
and relevance of permanent surveys

Supervisor - Prof. Doutora Maria Filomena Caeiro (FCUL)
Co-supervisor — Prof. Doutora Maria de Fatima Serejo (FMUL)

Co-supervisor — Dra. Célia Serras Neto (EPAL)
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- Doctoral Program in Environmental Health (EnviHealth&Co)

- Hosting company: Empresa Portuguesa das Aguas Livres (EPAL)

- Laboratories where the project was carried out:

- Laboratério da EPAL — Equipa de Microbiologia (LAB/LMB)

- Laborat6rio de Virologia (FCUL)
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Enteric viruses

One of the main causes of morbidity and mortality worldwide

Several families: Adenoviridae, Astroviridae, Caliciviridae, Hepeviridae,
Picornaviridae and Reoviridae

Mainly transmitted by the fecal-oral route

Very resistant to water treatments

Robust capsids

Capacity to remain infectious for a long time and in low doses

Responsible for different illnesses/symptoms like fever, gastroenteritis,
hepatitis, and respiratory diseases

Sinclair et al. Journal of Applied Microbiology 2009 | Teixeira et al. Microbiology Spectrum 2020 | Salvador et al. Water 2020




Enteric viruses

» Sources of viral pollution:

indgsigal waste

AN

Eifan, S. The Internet Journal of Microbiology . 2013| Gibson , K. Current Opinion in Virology . 2014



Water treatment

Reservolr River
Water source Water source

Water Treatment Water Treatm ent
Flant Plant

Uncontaminated

— Efficient = water and food —|_>

Citizens

Wastewater Rivers or other
Treatment Flant destinations
Wastewater treated

|

[ Agriculture and other activities ]

\[JE

Drinking water and wastewater treatment

water and food

. Contaminated I
Not efficient [

Salvador et al. Microorganisms 2020

Water treatment and monitoring are two key points to prevent
outbreaks related to waterborne diseases.




Enteric viruses

Guidelines for Drinking Water Quality Enteric viruses are classified as having a
(WHO, 2017) moderate to high impact in human health




Enterovirus

® RNAviruses of the Picornaviridae family

® One of the main causes of human infections worldwide
-United States -> cause more than 30 million infections and several thousand of
hospitalizations per year
T’ insitute_Nacional de Saude Observagdes_ Boletim Epidemioldgico
Dautor Ricardo Jorge
n : e A study carried out by INSA in 625
artigos breves_ n. 5 i _Doengas Infeciosas

fecal samples collected from 2010
to 2013 found 22.9% positive for

_Vigilancia laboratorial da infecéo a Enterovirus

Enterovirus entre 2010 e 2013

Paula Palminha, Carlos Ribeiro, Carla Roque, Elsa Vinagre

Palminha et al. INSA. Obs Bol Epidemiolégico. 2015 | WHO. Guidelines for Drinking-water Quality. 2017



Enterovirus

¢ Enterovirus have been found in untreated natural water, drinking water, untreated
and treated wastewater, and seawater in several countries

*USA (Wong et al. 2009; Lee et «Colombia (Pelaez-Carvajal et +USA (Montazeri et al. 2015)

al. 2014) al. 2016) *Bolivia (Symonds et al. 2014)
*Japan (Haramoto et al. 2015) *Colombia (Pelaez-Carvajal et
*Netherlands (Schets et al. al. 2016)

2008) *Uganda (O’Brien et al. 2017)
*Hawaii (Updyke et al. 2015) *Portugal (Salvador et al. 2020)

*South Africa (Lin & Sing 2015)
*France (Prevost et al. 2015)
*Germany (Leifels et al. 2016)

*Uganda (O'Brien et al. 2017)
*Portugal (Salvador et al. 2020)



Hepatitis A virus (HAV)

®* RNAVvirus of the Picornaviridae family

® Itis the most common acute viral hepatitis in the world
-1.4 million clinical cases reported annually globally

' DGS:=

Quadro 39 Ndmero de casos notificados de Hepatite A, por classificacdo de caso e ano de notificagao,

Portugal, 2012-2015 -
R Confirmado Provavel Possivel Total 76 cases of hepat|t|s A

Ano have been reported
2012 10 0 0 10 between 2012 to 2015
2013 15 2 0 17
2014 20 0 0 20 554 cases of hepatitis A
2015 29 0 0 29 reported in 2017
Total 74 2 0 76

WHO. Guidelines for Drinking-water Quality. 2017 | Direcéo-Geral de Saude. Doencas de Declara¢éo Obrigatéria 2012-2015 Volume 1. Portugal. 2016



*USA (Jiang & Chu, 2004)
*Brazil (Elmahdya et al., 2016)
*Spain (Lopez-Galvez et al.,
2016)

*Uganda (O'Brien et al. 2017)
*Republic of Korea —
groundwater (Shin et al. 2017)

*Colombia (Pelaez-Carvajal et
al. 2016)

*Portugal (Salvador et al. 2020)

Hepatitis A virus (HAV)

® HAV have been found in untreated natural water, drinking water, untreated and
treated wastewater, and seawater in several countries

*Tunisia (Béji-Hamza et al. 2014;
Ouardani et al., 2015)

*Sweden (Hellmér et al. 2014)
*Pakistan (Ahmad et al. 2015)

*South Africa (Osuolale & Okoh
2015; Adefisoy et al. 2016)

*Spain (Lépez-Galvez et al.,
2016)

*Egypt (Hamza et al. 2017)

*Uganda (O"Brien et al. 2017)

*Portugal (Salvador et al. 2020)



Hepatitis E virus (HEV)

RNA virus of the Hepeviridae family

In 2005 it was estimated that:
f 20.1 million people were infected with HEV

\ 3.4 million symptomatic cases, 70 000 deaths and 3 000 stillborn infants

Ggico

A study carried out by INSA in 297

_Diagnéstico da infecéo por virus serum samples from 2000 to 2012
da hepatite E no INSA, 2000-2012 verified that 20.2% had antibodies to
: hepatitis E virus

Carla Manita Ferreira, Jodo Almeida Santos, Teresa Lourengo,
Camalavati Benoliel, Rita Matos, Helena Cortes Martins

Rein et al. Hepatology .2012 | Ferreira et al. INSA. Obs Bol Epidemiolégico. 2013 | WHO. Guidelines for Drinking-water Quality. 2017



Hepatitis E virus (HEV)

® HEV have been found in untreated natural water, drinking water, untreated and
treated wastewater in several countries

*Colombia (Baez et al., *Italy (La Rosa et al.,
2017) Portugal (Salvador et al. 2010)
*Portugal (Salvador et al. 2020) *Sweden (Hellmér et al.,
2020) 2014)
*Pakistan (Ahmad et al.,
2015)
*Colombia (Baez et al.,
2017)

*Portugal (Salvador et al.
2020)




Norovirus

® RNA viruses of the Caliciviridae family

® Itis one of the most common agents causing sporadic gastroenteritis

-United States: cause 60% of acute gastroenteritis cases (21 million cases); 400 000
emergency department visits and 71 000 hospitalizations per year

Journal of Clinical Virology

journal homepage: www_elsevier.com/locate/jcv

A study carried out by INSA in 580
stool samples from 13 Portuguese

Short communication

Surveillance of norovirus in Portugal and the emergence of the

Sydney variant, 2011-2013 Hospitals between May 2011 and
I. Costa?, |.R. Mesquita®™c, E. Veiga®, M. Oleastro®%* M.J.S Nascimento ©¢ March 2012 found 11.6% were
4 Laboratério f?'rﬂl'ogin‘ l\:io!ecu!_ur. Depa_rr—a'm_cnrn de'_Doen;'.a's Infeciosas, do Instituto Nacional de Satide Dr Ricardo Jorge, Lisboa, Portugal pOS itive for N O rOVi ru S

b Escola Superior Agriria, Instituto Politécnico de Viseu, Viseu, Portugal

€ CIBIOJUP, Centro de Investigacdo em Biodiversidade e Recursos Genéticos{Universidade do Porto, Campus Agrdrio de Vairdo, Vairdo, Portugal
9 Laboratério Nacional de Referéncia das Infegdes Gastrintestinais, Departamento de Doengas Infeciosas, do Instituto Nacional de Satide Dr. Ricardo jorg]
Lisboa, Portugal

¢ Laboratdério de Microbiologia, Departamento de Ciéncias Biologicas, Faculdade de Farmdcia da Universidade do Porto, Porto, Portugal

Robilotti et al. Clinical Microbiollogy Reviews.2015] WHO. Guidelines for Drinking-water Quality. 2017




Norovirus

® Norovirus have been found in untreated natural water, drinking water, untreated
and treated wastewater, and seawater in several countries

*Finland (Kukkula et al. *Finland (Kukkula et al. *Norway (Grgndahl-Rosado
1999, Maunula et al. 2015) 1999) et al. 2014)
*Norway (Grgndahl-Rosado *Spain - Bottled Water *France (Silva et al. 2007)
et al. 2014) (Blanco et al. 2017) *England (Campos et al.,
*Netherlands (Lodder & *Portugal (Salvador et al. 2016)

Husman et al. 2005) 2020) *Sweden (Hellmér et al.
*Japan (Haramoto et al. 2014)

2005) «Portugal (Salvador et al.
*Portugal (Salvador et al. 2020)

2020)




Portuguese legislation

Drinking water

Decreto-Lei n.2 152/2017

Parte 111 — Parimetros indicadores

- Walar . <
Parimemo Wi Unidade Ohservagdes
pomces Wastewater for reuse
Aluminio ... | 200 Decreto-Lei n.2 119/2019
B Drmes . 0
Caleio ... ... ... - Notas 1 e 2.
Carbono orgdnico total |Sem alteragio MNotas 7 e 14,
(COT). anormal ANEXO 1
Cheiro, a 25°C .. ... ... 3 Fator de
diluigio X
Cloretos . ... ... ... ... 250 Nota 1. (a que se refere o artigo 16.°)
Cloritos. . ... ... ... __. 0,7 Mota 16
Cloratos . ... ... ... ... 0,7 Nota 16 .
Clostridium perfringens 0 Mota 5. Normas de qualidade
{incluindo esporos).
Condutividade .. ... ... 2 5040 MNota 1. n A) REGA
Cor . ... ... ... 20 -
Desinfetante resi o - i adfp 1.4 js e de agua para reutilizagao para rega
Durezatotal . ... .. ... - Bl .
200 Psse 6 6 (! CBO, SST Turvagio E. coli Ovos de parasitas | Azoto amoniacal (*) | Azoto total (*) | Fésforo total (*)
e - Motas | ¢ 3. (mg/LO,) | (mglL) | (NTU) | (ufc/100 mL) | intestinais (N°1L) () (mg NH4"/L) (mg NIL) (mg PIL)
nés ... 50
A ~ e
stinas LR total 1 MNota 12, A <10 <10 <5 <10
Nimero de coldnias a 22°C |Sem alteragiio)] N'mla | Noas 13 e 14 B....... ... o <25 <35 <100
anormal 2°C
Nimero de coldnias a 36°C |Sem alteragiio] Nmla | Notas 13 e 14 Coovvnvnnn e <25 <35 <1000 s1 10 15 5
anormal 36°C
Oxidabilidade .. .. ... 5.0 mgl1 0, | Nota 6. D...... S =2 =5 10000 st
pH ... ... |265e<95 | umdades | Nota 1. E()reiiiiin. =40 <60 <10000
de pH
- ; - - . (') Descrigao no Quadro 2
Sabor, a25°C ... .. 3 [d".llu’.r _'1*' (*) Aplicavel na rega de culturas agricolas destinadas ao consumo animal
o — (%) Parametro facultativo. Podera ser aplicavel em alguns projetos de rega para minimizagao dos riscos de formagao de biofilme e obstrugao dos
Sodier .. ... ... 200 sistemas de rega
Sulfatos . ... ... .. ... 250 MNota 1. (‘) S6 aplicavel a sistemas ou em simbiose.
Turvagio ... ......... 4 Mota 8.
Dose indicativa (DI). . .. 0,10 mSv Nota 11.
Radio e 500 Byl Nota 9.
Tritio ... ... ... ... ... 100 Byl MNota 10,




Portuguese legislation
Fecal Indicator Bacteria

* In the current legislation, the microorganisms that indicate fecal contamination
(coliform bacteria such as Escherichia coli and intestinal enterococci) have not

been updated

» Although scientific knowledge has progressed, and it is important to include others

such as enteric viruses




Main objectives

Implementation and validation of methodologies directed to water matrices, aiming the

detection, quantification, and evaluation of potential risks of enteric viruses.

Monitoring the presence of Enterovirus, Norovirus (Genogroup | and Genogroup 1),

hepatitis A virus, and hepatitis E virus in four water matrices:

* natural water from two surface sources;

 drinking water sampled at the outlet of two Water Treatment Plants (WTPs), and in the
water distribution network;

* untreated wastewater, sampled at the inlet of three Wastewater Treatment Plants
(WWTPs); .

» treated wastewater sampled at the outlet and the inlet of three WWTPs.

Y
o A




Specific objectives

To evaluate the potential infectivity of samples RT-gPCR positive for enteric viruses.

To evaluate the effectiveness of the water treatment systems in the elimination of

enteric viruses.
To evaluate correlations between fecal indicator bacteria (FIB) and enteric viruses.

To evaluate correlations between several physical-chemical parameters of water and

enteric viruses.

To evaluate the effectiveness of wastewater treatment systems in the eliminating of

enteric viruses.



Materials and Methods

Sampling sites and sampling campaigns:

63 months sampling campaign (May 2018; Jan-Dec 2019)\

« 2 surface water sampling points:
- River (R)
- Dam reservoir (D)
« 3 drinking water sampling points:
-WTP_R (ETA_R)
-WTP_D (ETA_D)

\ - Water distribution network /

[ 5 months sampling campaign (Nov 2019-Mar 2020)

« 3 sampling points of untreated wastewater and 3
sampling points of treated wastewater:

- WWTP_E (ETAR_E)
- WWTP_R (ETAR_R)
\_ - WWTP_P (ETAR_P) Y,




Adapted from
Method 1615
(EPA/600/R-10/181)

|\
1. Water sampling

Materials and Methods

Surface water

Filtration
Sample concentration

v

2. Elution
v

3. Secondary concentration
(organic flocculation process)

HAV — Hepatitis A virus
HEV — Hepatitis E virus

NoV | — Norovirus Genogroup |
NoV Il — Norovirus Genogroup I

v e
4. Sample analysis © Sl
™=
--..___.‘} .ﬁ) ~
. . Vero E6
Tertiary concentration Storage Cell culture .
(Vivaspin concentrators) ¢’ (monkey cells - kldney)

* Observation of cytopathic effects s
RNA extraction v W P
* RNA extraction
RT-gPCR *

RT-gPCR



Materials and Methods

Adapted from Natural Water/drinking water

Method 1615
(EPA/600/R-10/181)

NanoCeram® Virus Sampler




Materials and Methods

Adapted from Natural Water/drinking water

Method 1615
(EPA/600/R-10/181)

+ Surface water volume: 130-2340 L
* Drinking water volume: 620-2000 L




Materials and Methods

Adapted from Wastewater

Method 1615
(EPA/600/R-10/181)

 Untreated wastewater volume: 2 L
 Treated wastewater volume: 10 L



Results

Surface and drinking water

33




Results

Detection and quantification of enteric viruses — surface water

c
=
®©
Q
S
(] 30
o » 27 collected samples %
z g
= - Viral RNA detected: g 20
Q‘ Y
E ) o
= HEV 3 10
N Q
o - NoV Il g 23/27 7/10
— e (85.2%) (70.0%)
o - NoV | 0
N .
- Enterovirus Surface River Dam
water reservoir
« HAV RNA - not detected m Positive samples Negative samples

* NoV | RNA - only detected in River

* HEV RNA - the most frequently detected




Results

Detection and quantification of enteric viruses — drinking water

c
2
S
40
=
= 3
- - 36 collected samples 230
(@) P c
£ 3
= « Viral RNA detected: 6 20
= g
> _HEV £ 10
o > 6/10 8/9
— - NoV I (60.0%) (88.9%)
S 0
- HAV Drinking WTP_R WTP_D Distrib.
water network
m Positive samples B Negative samples

» Enterovirus and NoV | RNAs - not detected
* HAV RNA - only one sample (WTP_D)

* HEV RNA - the most frequently detected




Results
Detection and quantification of Enterovirus, NoV I, NoV Il and HAV RNAs

c
(@)
(6 Table 2. Detection and quantification of enteric viruses in surface water (n = 27) and drinking water (n = 36) sampled in 2019,
Q— River Dam Reservoir WIP_R WIP_D Point in the Distribution Netvork
E Sampling Entero NoVI NoVII HAV Entero NoVI NoVII HAV  Entero NoVI NoVII HAV  Entero NoVI NoVII HAV Entero NoVI NoVII HAV
CU gl gol gdL gol gal
January ND ND ND ND 02 ND ND ND ND ND ND ND ND ND ND ND ND ND ND
(&) February ND ND 04 ND - - - - ND ND 26 ND - - - — - - - -
February ® N 36 196 ND ND ND 2 ND ND ND 97 ND ND ND 79 ND ND ND ND
({@)] March % 02 ND ND - - - - ND ND ND ND - - - = - _ - -
C March ™ ND 53 ND ND ND ND ND ND ND ND ND ND ND ND ND ND - - - -
" — April ND 106 24 ND ND ND 08 ND ND ND ND ND ND ND 14 ND ND ND ND ND
i May ND ND ND ND ND ND 1 ND ND ND 15 ND ND ND 45 ND ND ND 46 ND
Q— June ND ND 05 ND ND ND ND ND ND 0.6 ND ND ND 09 ND ND ND 01 ND
E Tuly ND ND ND ND - - - - ND ND 02 ND - - - - ND ND 0.7 ND
August W ND ND ND ND - - - - ND ND ND ND - - - - ND ND 02 ND
(U August ™ ND ND ND ND - - - - ND ND 0.2 ND - - - - - - - -
0 Seprember np 04 ND ND - - - - ND ND 01 ND - - - - ND ND 0.1 ND
@ September ® ND 2 08 ND ND ND ND ND ND ND ND ND ND ND 05 ND - - - -
H October ND @ ND ND - - - - ND ND 0.2 ND - - - - - - - -
October & ND N ND ND ND ND ND ND ND ND 01 ND ND ND ND ND ND ND 01 ND
O November ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND - - - -
(Q\| December ___ ND ND ND ND __ ND ND ND ND __ ND ND ND _ND___ND ND ND ND - - - -

i#1: sampling performed in the first half of the month; ®: sampling performed in the second half of the month; Entero: Enterovirus; HAV: hepatitis A virus; NoV I:
Norovirus genogroup I; NoV II: Nerovirus genogroup II; gc/L: genomic copies per liter of sampled water, based on the average value of two independent RT-qFCR
results; ND: RNA not detected; -: absence of sampling.

Salvador et al. Water 2020




Results
Detection and quantification of HEV RNA

c
- — Table 2. Quantification of HEV RNA in concentrated samples from surface water sources and their
(U associated water treatment plants, and evaluation of the treatment efficacy (reduction in RNA copies).
Q HEV Concentration HEV Concentration
E Date (gc/L) Reduction (%) (ge/L) Reduction (%)
(‘U River WIP_R after Treatment Dam . WTP_D after Treatment
(&) Reservoir  0EM®
January 0 0 * 0 0 * g
c) February, first half 355.5 320.8 9.8 - - -
(- February, second half 78.2 49.3 37.0 29.1 75.2 NR
e March, first half 0 0 ® - - -

ey March, second half 2 100 * 0L+
o April @ @ 67.8 949 5 408400
E May hE o T 77.9 - 100 § 30803
(.5 June 1,394.9 126.0 91.0 0 58.7 NR OE+03
July 1,755.0 220 98.7 - - - OF+B
m August, first half 206.5 242 88.3 - - - S ooEs00 L. l - — - —
(@)) August, second half 1133 0 100 - - - January ~ February May June July August  September  October
‘_| September, first half 233 19 919 - - - Sampling date
O September, second half 55.1 5.0 90.9 195 52 733
N October, first half 363 45 876 N y - Figure 3. Variation in the concentration of HEV RNA detected in concentrated drinking water from
October, second half 27 0 100 304 0.7 76 the sampling point in the distribution network during 2019 (n = 9). RT-qPCR results (average values
November 69.9 48 93.1 0.7 0 100 . . . - . . . .
of two independent reactions), in gc/L, indicate estimated genomic copies per liter of sampled water
December 2.1 0 100 0 0 *

(based on data from Table 1).
* Undetermined value or not calculated :iueT to absence of .detect-ion; NI?7110 reduction with Salvador et al. Microorganisms 2020
treatment; - no result, due to absence of sampling; gc/L: genomic copies per liter of sampled water,

calculated with RT-qPCR results (average values of two independent reactions) and data from Table

L Salvador et al. Microorganisms 2020

HEV RNA was frequently detected



Results

Efficacy of Water Treatment Plants in the elimination of
Enterovirus, NoV | and NoV Il RNAs

Water Treatment Plant Enteric virus Reduction of viral RNA

Enterovirus 100%
WTP_R NoV | 100%

NoV lI 0-100%
Enterovirus 100%
WTP_D NoV | Not detected
NoV lI 0-98.9%

More efficient in
eliminating viral RNA

2019 sampling campaign

T 200 River and WTP_R k] Dam reservoir and WIP_D
£ 2 s00
= =
5 150 5 & oo
g 7 F 600
£E 100 22 500
€T S E
o E 2 E 400
R 0 E
£ E 300
g g 200
~ 0.0 < 100
S R R T I S T S N S At e
& "obt & wﬁ& v“éc Y & & & &“& FFFE 00
W F & ¥ L o o Qac: January  February ~ March April May June  November December
y & F = Sampling date
Sampling date !
mmRiver - WTP_R i Dam reservoir —+~WTP_D

Figure 3. Variation in the NoV Il RNA concentration throughout the 2019 sampling campaign, in River
and WTP_R (n = 34) (first graph) and in Dam reservoir and WTP_D (n = 20) (second graph). Each

concentration value, in gc/L, is the average of two independent RT-qPCR results.
Salvador et al. Water 2020



Results
Efficacy of Water Treatment Plants in HEV RNA elimination

* HEV found in surface water samples, were still detected in drinking water, although usually

at lower concentrations

(a)

Minimal reduction Maximum reduction

2019 sampling campaign

oE
'
x
©
©
9.8% 100% ;
S ) l l I
008+ - - - -
S s & ¥ & & & S 5
A A T A
& & @ ; &5 &
Sampling date
mRiver mWTP_R
(b)
5 10E45 l
100% £ e
= D« =
| — I I
g 0
N 0,0E:00 - —
anuary February March pril lay August  Septemby October  November  Decemb
"
awir D

Figure 2. Variation in the concentration of hepatitis E virus (HEV) RNA detected in concentrated water
sampled in four sampling sites during 2019. (a) River and WTP_R (17 = 34). (b) Dam reservoir and
WTP_D (n = 20). RT-qPCR results (average values from two independent reactions), in ge/L, indicate
estimated genomic copies per liter of sampled water (based on data from Table 1).

Salvador et al. Microorganisms 2020



Results

Evaluation of sample's infectivity

c
o
'g * HEV infectivity was confirmed in samples from all matrixes (globally 25%)
= . . ) Number of samples
8 Water matrice Sampling point with infectious HEV
e Surface water River 219 (22.%)
e 3/13 (23.0%) Dam reservoir 1/4 (25%)
% WTP_R 3/9 (33.3%)
n
o Drinking water WTP_D 1/4 (25%)
I 9
o SIS (G057, Point in the distribution
N 1/6 (16.6%)
network

Vero EG6 cultures »

gure 2. Photograph of Vero E6 cultures (a) mock infected (control) culture evidencing a
monolayer of adherent cells; (b, ¢) mengovirus infected cultures evidencing cytopathic effect
(CPE): (b) early CPE (infection foci), (¢} complete CPE (rounded detached cells).

Salvador et al. Journal of Water and Health. Submitted.




Results

Detection and quantification of fecal indicator bacteria (FIB)

Coliform bacteria E E. coli ;
~ 30000 160.0 = ~.300.0 8.0 é
£ 1200 Z / 6.0 i
é 15000 800 § 10 g’
: . §iom
FIB detected in surface water: g o
o - E N él
\bo\@i&“o_:@‘sv-‘?\\ e \‘iﬁif“ i; & N:«‘s :“P ’ : \q&“‘;‘\‘:@‘s R \“\:_ﬁi & \5'% S‘L\_“\J -
. . & p o & o o
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Figure 2. Microbiological characterization of the surface water collected during the 2019 sampling
campaign (1 = 96). The graphs represent the variation in concentration values from the four groups
of FIB evaluated (coliform bacteria, E. coli, fecal coliforms, and intestinal enterococci) registered

Salvador et al. Water 2020

FIB-> not detected in drinking water




Results

Correlations between microbiological and physicochemical parameters
(surface and drinking water)

=
=
@©
o
% Table 3. Spearman’s correlation coefficients relating enteric viruses, microbiological, and physicochemical parameters of water quality.
L}
- 5 g . Y
e
= s 0z S oz ¢ £ 3 if: o =
S : 0z 3 £ §E % 5 3E & & G
=3 = § =5 g
J
© Entero 1
w2 NoVI 0.2 1
o NoV 1T 016 003 1
o HAV -0.02 005 0.2 1
(q\| Coliform bacteria 0.14 -0.01 008 011 1
Fecal coliforms 0.01 0.1 —0.05 -0.09 0927 1
E. coli 0.1 N 0.1 009 0927 0947 1
Intestinal enterococci 0.17 @ —0.15 -0.09 —-0.04 —0.17 —0.16 1
Temp 0.1 0. -012 0.2 0.30* 0.16 0.22 0.19 1
pH -0.09 011 017 014 045~ 0397 041~ 016 0347 1
Total chlorine -0.19  -0.08 0.06 0.2 -0.85~ 076" 073 -0.16 -0.29 0.36% 1

Entero: Enterovirus; HAV: Hepatitis A virus; NoV I: Norovirus genogroup I; NoV II: Norovirus genogroup II; Temp: temperature;; *: weak correlation; **: moderate

correlation; ***: strong correlation.

Salvador et al. Water 2020




Results
Wastewater

43



Final remarks

In Portugal, viral RNAs and were detected in water matrices, as in other countries.
Infectious HEV were found in the analyzed matrices.
Variable effectiveness of WTPs and WWTPs in eliminating enteric viruses.

Combination of molecular detection/quantification with assessment of infectivity in cell
cultures.

_

aR

The detected viruses were highly concentrated in samf;ié‘s\‘Whose original volumes largely
exceed those daily ingested by humans. - Siqnificané‘e-?in"te;ms of Human health still

deserve future assessments. | \:s » §




Direcio e Labaracérios

Laboratorio de Lisboa — EPAL




2\
= EPAL

Crupo Aguas de Portugal Sistema de Abastecimento da EPAL e AdVT

30% éarea de Portugal

Fornecimento em Alta a 87 Municipios +

cidade de Lisboa em Baixa

v" Populacdo Abastecida = 3,5 M
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e EPAL Microbiology area — Laboratodrio de Lisboa

&

Grupo Aguas de Portugal

Indicators
microorganisms

Colour
Turbidity cultural methods

Pathogenic
microorganisms

molecular biology

Legionella spp.
and
L. pneumophila

Microcystin—LR
and others toxins
(ELISA) Protozoa

(Cryptosporidium

and Giardia)

Pigments

39 parameters chlorophyllins

In different water,

sediment and Phytoplankton
biofilm matrices (cyanobacteria)

Nematodes

and

Biovolume

About 60 000 Colifagos
determinations per year somaticos

50
Source: Célia Neto (MB Supervisor)
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Colifagos somaticos

* Bacteridfagos ou fagos séo virus que infetam bactérias

* Compostos pelo menos por um &cido nucleico e uma capside proteica

* SO conseguem replicar dentro de bactérias hospedeiras suscetiveis

+ Existem 2 grupos de bacteridfagos que infetam E. coli: colifagos sométicos e fagos F-especificos

Jofre et al. Coliphages as Model Organisms in
51 the Characterization and Management of
Water Resources. 2016 Water

Somatic coliphages

Myoviridae

Siphoviridae

Podoviridae

Microviridae

F-specific phages
DNA RNA

Inoviridae Leviviridae
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Colifagos somaticos

» Colifagos somaticos sdo um grupo heterogéneo de bacteriofagos que infetam E. coli através da
parede celular

* Meétodos de detecao faceis, rapidos e econémicos
* Legislacdo Portuguesa = DL n.° 69/2023, de 21 de Agosto

* Bons indicadores de contaminacéo viral?

HEAD

| coLLAR

TAIL

Long tail Base plate

fibres 3 D

52
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Colifagos somaticos

1 ml bacterial
culture. OD=0.3

1 ml sample 2.5ml of soft agar (0.7 %
l / agar-agar) (45+ 1) °C

‘ 1.- Gentle shaking

1 2.- Pour into the agar plate avoiding bubble
formation

Agar plate (1.4 % agar-agar)

3.-Allow to solidify at room temperature placing
l the plate in a flat surface upside up

4.-Incubate the plate upside down (37°C for 18
hours)

5.- Count the number of lytic plaques. Results
are expressed as the number of plaque forming
units (PFU) per ml of sample

53 Jofre et al. Coliphages as Model Organisms in the Characterization and Management of Water Resources. 2016 Water
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AGUA, UM VALOR MOBILIZADOR

Avaliacao da presenca de RNA do virus

SARS-CoV-2 em aguas naturais e para consumo do
Sistema de Abastecimento da EPAL e AdVT

Daniel Salvador, M.Sc., Ph.D.
daniel.salvador@adp.pt

Célia Neto, Rui Neves Carneiro \
N EPAL

Direcao de Laboratoério

\_/ Grupo Aguas de Portugal
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Article

One-Year Surveillance of SARS-CoV-2 Virus in Natural and

Drinking Water

Daniel Salvador "2*7, Maria Filomena Caeiro 277, Célia Neto ! and Rui Neves Carneiro !

check for
updates

Citation: Salvador, D.; Caeiro, M.E;
Neto, C.; Carneiro, RN. One-Year

! Direcao de Laboratérios (LAB) da Empresa Portuguesa das Aguas Livres (EPAL), Avenida de Berlim, 15,
1800-031 Lisboa, Portugal

2 Centro de Estudos do Ambiente e do Mar (CESAM), Departamento de Biologia Vegetal, Faculdade de

Ciéncias da Universidade de Lisboa, Edificio C2-Piso 4, Campo Grande, 1749-016 Lisboa, Portugal

Correspondence: daniel.salvador@adp.pt

Abstract: Although the SARS-CoV-2 virus has been detected in wastewater from several countries,
monitoring its presence in other water matrices is still limited. This study aimed to evaluate the presence
of this virus in natural and drinking water over one year of monitoring (2021). A survey of viral RNA
was carried out by RT-qPCR in concentrated samples of surface water, groundwater, and drinking
water from different regions of Portugal. SARS-CoV-2 RNA—quantified in genomic copies per liter
(gc/L) of sampled water—was not detected in groundwater, but was detected and quantified in samples
of surface water (two out of 43; 8035 and 23,757 gc/L) and in drinking water (one out of 43 samples;
7463 gc/L). The study also detected and quantified Norovirus RNA, intending to confirm the use of
this enteric virus to assess variations in fecal matter throughout the sampling campaign. The samples
positive for SARS-CoV-2 RNA also had the highest concentrations of Norovirus RNA—including the
drinking water sample, which proved negative for fecal enteric bacteria (FIB). These results indicate that,
to protect human health, it is advisable to continue monitoring these viruses, and noroviruses as fecal
indicators (FI) as well—especially in low-flow water bodies that receive wastewater.

Keywords: human health; Norovirus; risk assessment; RT-qPCR; water monitoring; water safety; fecal
indicator (FI)
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BeEHICENIARIA O virus SARS-CoV-2

Grupo de coronavirus - virus de RNA

Virus com invélucro lipidico 2 + mais sensivel aos tratamentos da agua

Periodo de manutengao da capacidade de infetar humanos em ambientes aquaticos dependera
fortemente das propriedades da agua

Glicoprotei
espicula (S)

Eliminado pelos sistemas respiratorio superior e gastrointestinal

RNA & Proteina N
Envelope

Hemaglutinina
esterase (HE)

Pode ocorrer a excregao destes virus pelas fezes até quatro semanas

Forne: Adagtado &
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Vias de transmissao

Possiveis vias de transmissao:

* Contato com fluidos contaminados

* Viaaérea

* Via fecal-oral — agua residual

* Via sanguinea

* Transmissao de mae para filho

* Transmissao de animais para o ser humano

* Contaminagao provocada pelas mascaras que sao langadas
para o ambiente e que atingem a agua

O RNA de SARS-CoV-2 nos ultimos meses foi detetado em:

- Lamas de Estacées de Tratamento de Aguas Residuais
- Aguas residuais municipais

- Aguas residuais hospitalares

& \ S Mé’(':'::s::’d’ Os métodos de tratamento
® "\ \ infetada) atuais parecem inativar o
- \ 469 < SARS-CoV-2 em agua.
4 @9 \_‘ ¢
Lo,
%, N\
\\
\ N
sbordo \\. "
= “:e“esa"m \ o
\ (Y
. Qu2
\ tes\a\,da \
S \
Estagao de_ ' V : N\
Tratamento de Agua _‘/,\,y * ‘. \ Estagido de
_— Residual (ETAR) ! Aty Tratamento de

" Atividades 1 K Agua (ETA)

recreativas

ﬁ Pessoainfetada

Pessoasaudavel

Coronavirus
SARS-CoV-2

- Aguas residuais de navios cruzeiro e de avidoes comerciais de passageiros,

- Aguas residuais tratadas (tratamento secundario)
- Agua nio potavel

- Agua superficial de rio
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Resultados — Agua Natural

* Janeiro a dezembro de 2021 - 43 amostras de agua natural, 35 provenientes de massas de agua superficiais e 8 de furos

* RNA do SARS-CoV-2 detectado apenas em duas amostras de agua superficial

B Amostras sem RNA de SARS-CoV-2

RNA de SARS-CoV-2

Ndamero
Matriz Origem de - trac
amostras NUmerole once’n‘:| 'ra.g:a.o
colhidas e média
amostras positivas (gelL)
Rio_T 10 0
Albufeira_C 9 |
Agua Albufeira_M 5 0 i}
superficial
Agua Albufeira_P 7 I
natural —
Albufeira_S 4 0
: Furo_A 2
Agui Furo_L 2
subterranea =
Furo_O 4
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s Resultados — Agua para consumo

* Janeiro a dezembro de 2021 - 43 amostras de agua para consumo na saida das ETA ou nas estagoes de desinfecio de aguas
subterraneas

* RNA do SARS-CoV-2 detectado apenas numa amostra

. RNA de SARS-CoV-2
Numero
Matriz Origem e =
g I OSErS Nimero de Conce’n:.raq:ao
colhidas e media
amostras positivas (gc/L)
ETA_T 10 0 -
ETA_C 9 |
Agua para
consumo ETA M 5 0 i
proveniente
de dgua
Agua para superficial ETA P 7 0 -
consumo
ETA_S 4 0 .
Asgua para Furo A AC ) 0 B
Amostras sem RNA de SARS-CoV-2 cinsupmo uro_~
. Furo_L _AC 2 0 -
proveniente
de agua
61 subterrinea Furo_O_AC 4 0




Final remarks

Supply of safe water is fundamental for maintaining human health

Global climate change increases the risk of human exposure to waterborne
pathogens, namely enteric viruses

Pathogenic microorganisms transmitted by water have a high impact on
human health

The goal of cheap, fast, and reliable detection of many pathogens in natural
water calls for innovative developments in analytical technologies and

internationally compatible protocols for water quality assessment



Final remarks

Enteric viruses are a current problem in developed and developing

countries

-This pathogens are resistant and can remain in the water for a long time

Monitoring of microorganisms can be performed with different

microbiology methods, but RT-gPCR is one of the most used

With the advancement of knowledge, legislation needs to be updated

with more parameters

We need a different mindset to view the current and future water-
related problems, and then collectively formulate and implement

business unusual and out-of-the-box solutions



I can not see the

light at the end
of the tunnel!




