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Tahle 4.1
Numbers of faecal pathogens and indicator organisms in raw sewage Table 1. Etiological agents of bathing illness, probable sources and transmission pathwavs. GI = gastrointestinal [7,19]
Agent Tliness Probable Source Transmission Pathway
Pathogenfindicalor organism Disease or role MicrobesiL = = —— =
Campplobacter spp. Gastroenteribis, fever Human and animals Ingestion
Viruses Enteropathogenic Bloody diarchea, abdominal cramp Humian and animals Ingestion
Resp disease. i L0P-10° 6C Helicobacter pyfori Castritis, abdominal pain Human and animals Ingestion
4 " 110" GC Legronzila spp. Preumpnia, gastroenteritis Natural Inhalation
T = " Leptospira spp. Fever, headache, vomiting, jaundice Natural and animals Ingestion
Hepatitis A virus Hepatitis Undetected to 10° GC Satmanetts spp Castroentenitis, fever, pain Human and animals Ingestion
Hepatitis E vi Hepatitis Undetacted to 107 GO Respiratory disease Matural Inhalation /contact
Nosawirus (and ather caliciviruses) Diarrhasa, vomiting 10-10¢ GC Vitwio efiificus Infection in pre-existed open wound MNatural Wound infection
E : Bol m ] i . Shigella spp. ; abdominal pain Human Ingestion
- mld febilelingss, Undetacted b 10 icelt calbure] Al;‘:"nﬂ\:t:i!‘ Gastroenteritis, Tespiratory d]ﬁcl'-nsc‘ Human Ingrsh.:. inhalation
Rutavirus Diarrhoea, vimiting 1010 GG Noroviruses Gastroenteritis Human Ingestion
F+ coli Indicator arganism 10°-10" PRU Rotavirises Gastroenteritis Human Ingestion
Snmau:: ‘ o Indicator é;’é‘msm 1010 PFU Coxsackievirus Mild febrile illness to myocarditis Human Ingestion
Bacteria Enteroviruses Central neevous eystm; oailas and Human Ingestion
ey ' ) respiratory infections )
Campylobacter spp. Gastroenteritis 1IP-10° MPN Echovirus Diarrhes, secretions from the eyes or throat Human Ingestion
LIF GC Hepatitis A virus Liver disease Human Ingestion
Escharichia coll Indicator arganism (except s pecific path siraing) 107102 CFU o MPN Hepatitis E virus Liver disease Human and anumals Ingestion
Intostinal : Tadieator eiganiom L0107 CEU or PN Cryptosporidiun Diarrhea, abdominal pain, fover Human and animals Ingestion
. - - : Giardia Diarrhea, abdominal cramp Human and animals Ingestion
spa. Gestroenteriti Un to L0° MPH Microsporidia Cl illness, diarrhea Human and animals Ingestion
Shigella spp. Bacillary dysentery 10F-10° MPN Naegeria foweleri Meningoencephalitis Matural Contact
Vibrios such as Vi chaieras Gastroenteritis 10-10° MPN Schistosoma spp. Gl illness, haematuria Human Ingestion, Contact
@«-".'—': ¥ h Iyticis and b:ym’lnjfkus Entanorta histolytica Ameebic dysentery Human Ingestion

Parasitic protozoa®

Cr spp. Diarrhoea 10-10" oocysts

[ i Amoebic dysentery to 104 cysts

Giardia Diarrhoea 10-10° cysts

Hetminths*

Ascaris spp. fiscariasis 5450 nva 'ﬂ, fiiney il MDPI
AR bt Health E

Ancylastama spp. and Necator sp Anaemia 5-190 ova

Trichuris spp. Diarhoea 10-40 ova

athing Water Quality Monitoring Practices in Europe and the
United States

GUIDELINES ON RECREATIONAL

WATER QUALITY * Grosen et al. (2013); Leonard et al, (2018)
Wokona | Cussal it Finsh Wlere ® Parasite numbers vary greatly as a result of differing leveds of endemic disease in different regions.

Sowrces: Rusifiol & Girones {20171 WHO {20181 Garcia-Aljaro et al, (2019); kttps:/Aeew wha intinews-ream/fact-sheets,

CFU; cofony farming unit; GC: gene copies; MPN: most probable number; PFU: plague forming unit.
Ananda Tiwari ', David M. Oliver *, Aaron Bivins *, Samendra P Sherchan * and Tarja Pitkinen '
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iztrebki Zivali in ljudi

Fekalne indikatorske bakterije™

izpiranje tal odpadne vode trdni odpadki
_—

Dokaz fekalnega onesnazenja
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source tracking
doloCanje vira onesnazenja

microbial source tracking (MST)
doloCanje vira onesnazenja s pomocjo mikrobov
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Method Discrimination Performance References”
Human vs. Individual species” Compared to other  Tested with blind
non-human® methods® samples’
Culturesbused, fibrary-dependert metheds
Ribotyping Any 1,2 1 1-5
FFGE Any 1 1 13
REP-PCR Any 21 3 13
Antibiotic resistance ¥ Human/agricultural / 3 3 1 46
testing wild
Carbon utilization o Humarn/agricultural/wild 3 3 1,67
profiling
Culture-based, ibrary-independent methads
Racteroides phige & 1 WA 7
F-specific RNA i 1,3 1 1,78
coliphages
Somatic coliphages o E N/A Fl
Sorbital-fermenting N 1 N/A 7 ;
Rifidobacteria o
Bifidobacterium 3 3 A ?
dentium Available at www.sciencedirect.com
Bifidebacterium 4 3 NiA 7
adalescentis e .
i ScienceDirect
Culture-independent, Tilwary-dependent methods
Community 3 3 L9 onfart o pags: W itcrietine loite atien
fingerprinting =
Culture-indeperident, ldwary-indeperdems methods X
Fecal sterols o L N4 7 Review
Bacteroddales hogt- Human, ruminant, pig, 1 1 1,9 . " % <
specific PGR dog, horse, elk Fecal source tracking, the indicator paradigm, and
Bifidobacterium hose- o 3 N 7 - .
specific PCR managing water quallty
E. oli host-specific Human, cow, pig L 1 -]
toxin gehes

Katharine G. Field™*, Mansour Samadpour”

*Department of Microbiology, Oregon State University, Corvallis, OR 97331, USA
institute for Environmental Health, 15300 Bothell Way NE, Lake Forest Park, WA 98155, USA

* Method discriminates between human and non-hurman ssurces,
¥ Method identifies some sources o spacies

© Ranking from 1 to 3 s from most (1] to least (3) successful

# References for comparison studies: (1) G et al (2003); (2) Myoda et sl (2003); (3) Stoeckel et al (2004], {&) Moore et al. (2005);
{5} Samadpour et &l (2005); (6) Harwood et al, {2003); (7) Bianch et al. (2006); (8) Noble et al. (2003); {9 Field et al, {2003),
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iztrebki ljudi

Specificna mikrobiota

izpiranje tal odpadne vode trdni odpadki
_

Dokaz vira onesnazZenja
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COUBONMET

Performance Characteristics of qPCR Assays Targeting Human- and
Ruminant-Associated Bacteroidetes for Microbial Source Tracking
across Sixteen Countries on Six Continents

Georg H. Reischer,*"* James E. Ebdon,* Johanna M. Bauer,” Nathalie Schustcr,‘ Warish .»\hmcd,"
Johan Astrém,* Anicet R. Blanch,” Giinter Bléschl,” Denis Byamukama,! Tricia Coakley,®

Christobel Fcrgu.«'nn,. Goraw Goshu,™ GwangPyo Ko.. Ana Maria de Roda Husman,

Douglas .‘\rlushl,‘ Ramiro Poma,® Bandana I’mdh:m,’r Veronica Ra]al.* Margit A. Schade,D

Regina Summer.l." Huw 'lllylor,Q Erika M. 'I"ulh,ia Virgil \,’mjm.lsu,m1 Stefan Wuertz,™

Robert L. Mach," and Andreas H. Farnleitner !
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preskus izvedljivosti na
realnih vzorcih
s kopalis¢

izbira optimalnih ﬁ
oznacevalcev MST m

dolocitev specificnosti

in obé&utljivosti preskus na dobro

opredeljenih vodah

ovrednotenje z
referenénim materialom |
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Kandidatni testi PCR, ki po literaturi nakazujejo fekalno onesnazenje

Zivalska vrsta

Oznaka testa

Mikrobna tarc¢a testa

Vir

Univerzalni indikator fekalnega
onesnazenja

Clovek

Prezvekovalci

Govedo

Prasici

Ptice

Kokosi in race

GenBac3

BacHC
BacHT
BacHum
BtH
crAssphage
BacR
Rum2Bac
Bac3
BovPyV
CowM2
CowM3
Pig2Bac
PorAdV
AV4143mod

AV4143

ND5-CD

Stevilne bakterijske vrste

nevzgojena bakterija
nevzgojena bakterija
Phocaeicola dorei
Bacteroides thetaiotaomicron
bakteriofag CrAss
nevzgojena bakterija
nevzgojena bakterija
Macrobrachium nipponense
poliomavirus goveda 1
neznano
neznano
Bacteroidales
adenovirus prasicev 3

nevzgojen laktobacilus
nevzgojen laktobacilus

mtDNA

Siefring et al., 2008

Reischer et al., 2007
Reischer et al., 2007

Yampara-lquise et al., 2008
Stachler et al., 2017
Reischer et al., 2006
Mieszkin et al., 2010
Shanks et al., 2008
Hundesa et al., 2006
Shanks et al., 2008
Shanks et al., 2008
Mieszkin et al., 2009
Rusifiol et al., 2014

Liang et al., 2020

Ohad et al., 2016

Zhuang et al., 2017

Kildare et al., 2007; Reischer et al., 2013
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Uporabljeni vzorci DNA iz iztrebkov razli¢nih zivalskih vrst

Skupina vzorcev Podskupina vzorcev N Skupina vzorcev Podskupina vzorcev N
Clovek Bolniki 12 Ptice Domaca koko$ 7
Zdrave osebe 12 Domaci golob 2
Labod grbec 2
Prezvekovalci 9
Mogvirska sinica 1
Ovce Domaca ovca 3
Raca mlakarica 1
Koze Domaca koza 2
Recni galeb 1
Jeleni Srna 4 .
Velika sinica 1
Govedo Domace govedo 9 Ostale Zivali Beloprsi jeZ 1
Prasici Divji prasi¢ 1 Domaéa macka 2
Domaci prasic 8 Domagi konj 6
Domaci pes 5
Mali podkovnjak 1
Nutrija 2
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Specificnhost in ob&utljivost testov PCR pri prepoznavi iztrebkov posameznih zivali v Sloveniji

Zivalska vrsta Oznaka testa PCR Specificnost [%]* Obcutljivost [%]* Youdnov indeks
Univerzalni indikator

fekalnega onesnazenja SEIEEE 4 iy /
Clovek BacHC o~ 0 0
BacHT 98** 67 0,65
BacHum 100** 100 1,00
BtH 0** 0 0,00
crAssphage 100** 58 0,58
Prezvekovalci BacR 100 78 0,78
Rum2Bac 100 89 0,89
Govedo Bac3 95 89 0,84
BovPyV 0 0 0,00
CowM2 100 22 0,22
CowM3 100 89 0,89
Prasici Pig2Bac 98 100 0,98
PorAdV 100 67 0,67
Ptice AV4143mod 93 67 0,60
AV4143 98 73 0,72
Kokosi in race ND5-CD 79 100 0,79
*|z izracuna so izklju€eni vzorci bolnikov; ** Iz izrauna so izklju¢eni vzorci psov in mack (‘ SLOVENSKO DRUSTVO
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Zivalske vrste Specifiénost* Obcutljivost*

@ 98 %** 100 %

eok.o v 9 100% 89%

- 100 % 89 %
"o’ 98 % 100 %

v
¥ R 98 % 73%

*|z izracuna so izklju€eni vzorci bolnikov; ** |z izraduna so izkljueni vzorci psov in mack
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Special Report

Assussmunt of Digitsl PCR as a Primary Reference
Messurement Pre ure 10 Suppon Advances in
ecision Medicine

Multipleksni digitalni PCR

Reviews ¥ nomns

Digital PCR as an Accurate N
r Diagnostic Tool

= Accurate Quantification and
Characterization of
Adeno-Associated Viral Vectors

j, Linearity, and Resistancs to
jtal Polymerass Chain Reaction

A summies of e repradieitiin g ol s s sl FOU
gusaficesion of V-

Avsays for g
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Primerjava certificiranih vrednosti referenénega materiala NIST 2917
in koncentracij, izmerjenih z digitalnim PCR

, e & o N o
Y ) Bl v ‘@’
. i & g g ] o s o
I a , & &
: & § g £ &
'-:.ulll:a'-:’.-l'l' iranaga refanan én . o Vrednast eetibcranega relereniniega matsriala NIST 2917 Vradnont eatificiran e
[hops; DAALL [hopi DMANL]
Vrednost certificiranega Povprecna izmerjena koncentracija v samostojni reakciji [kopij DNA/pL]
referenénega materiala ler".'."'::‘:.:”:.'.'_..,,
[kopij DNA/uL] sl CowM3 Pig2Bac Standard Reference Material” 2917
54%1,0 48+18 56+0,8 6,0+16 Plasmid DNA fnrljglfﬂlﬁ[r;(:::ztor Detection an:
55,5 % 3,2 54,0 £ 3,8 50,4 + 3,0 52,9+9,4
530,0 + 14,0 507,9 + 22,9 536,8 + 22,5 549,6 + 31,9
5314,0 £ 142,0 5116,3 £ 260,9 5061,9 £ 60,7 5122,7 + 148,6 ‘ S NN ED BETG
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Vzorci voda z obmogij, kjer lahko dobro predvidimo vir fekalnega
oneshazenja

nova metoda MST
VS.
standardne fekalne indikatorske bakterije

enterokoki, Escherichia coli, Clostridium perfringens
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Vzorci voda z obmogij, kjer lahko dobro predvidimo vir fekalnega
onesnazenja

 Vode, odmaknjene od Cloveske dejavnosti:
— izvir Minutnik (Gorjanci)
— mokriS¢e Gorjansko jezero (Gorjanci)
* Vode v neposredni blizini cloveskih oz. kmetijskih
dejavnosti:
— potok pod vasjo
— potok v urbanizirani vasi
— potok gorvodno in dolvodno od deponije farme sokolov

(‘ SLOVENSKO DRUSTVO
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Vzorci voda z obmogij, kjer lahko dobro predvidimo vir fekalnega
onesnazenja

Standardne fekalne indikatorske bakterije [CFU/100 mL] Oznacevalci MST (nak zivalske vrste) [kopij DNA/100 mL]

Intestinalni Escherichia coli Clostridium GenBac3 BacHT BacHum Rum2Bac CowM3 Pig2Bac AV4143

enterokoki perfringens (splosni u e LN

150 7899-2 150 9308-1 150 14189 fekalni @ @ e o o gt
Mesto vzoréenja ldikaton)) - . W b o i
Mokris¢e Gorjansko jezero (Gorjanci) 0 0 2 nz nz nz nz nz nz 13
Izvir Minutnik (Gorjanci) 12 1 0 663 nz nz 6 nz nz nz
Potok pod vasjo (Veliki Slatnik) 250 540 252 380.000 3.300 4.100 nz nz 470 nz
Potok v urbanizirani vasi (Ratez) / 14.000 / 180.000 9.600 12.000 nz nz nz nz
Potok gorvodno od deponije farme sokolov 63 106 55 / 6 nz nz nz 46 nz
Potok dolvodno od deponije farme sokolov 350 116 85 / 6 nz nz nz 100 8

/ - ni izvedeno; nz - nezaznavno

Prisotnost molekularnih oznacevalcev MST je skladna
s pri€akovanimi in najverjetnejSimi viri fekalnega onesnazenja na obmo¢ju vzorénih mest.
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Vzorci voda z naravnih kopalisc, ki so fekalno onesnazena
Z nejasnim virom onesnazenja

« Nova metoda MST
« Standardne FIB: enterokoki, Escherichia coli, Clostridium
perfringens
« Kopalisca:
— Griblje in Adlesici na Kolpi,
— Straza na Krki,
— Mala Zaka na Blejskem jezeru

(‘ SLOVENSKO DRUSTVO
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Vzorci voda z naravnih kopalisc, ki so fekalno onesnazena
Z nejasnim virom onesnazenja

Standardne fekalne indikatorske bakterije [CFU/100 mL] Oznaéevalci MST (nakazane Zivalske vrste) [kopij DNA/100 mL]
Intestinalni Escherichia coli Clostridium GenBac3 BacHT BacHum Rum2Bac CowM3 Pig2Bac Av4143
enterokoki perfringens (splosni 5 A u PR b 4
1SO 7899-2 1SO 9308-1 1SO 14189 fekalni @ @ + e e T ¥ PR3 . . , L r\‘i
M . indikator) : . i? o B
esto vzoréenja
Kopalisce Griblje (Kolpa) 53 70 / 31.000 2.500 2.600 nz nz nz 24
Kopalis¢e Adlesici (Kolpa) 40 61 / 13.000 12 24 nz nz nz 24
Kopalisce Straza (Krka) 26 310 / 47.000 1.400 1.600 nz nz nz nz
Kopalis¢e Mala Zaka (Blejsko jezero) 33 90 / 19.000 470 610 nz nz nz nz
/ - ni izvedeno; nz - nezaznavno

* Metodo MST smo uspesno izvedli na realnih vzorcih

 V vseh vzorcih smo dokazali standardne FIB in sploSni molekularni oznacevalec fekalnega
onesnhazenja GenBac3

« Ostali molekularni oznaéevalci so nakazali onesnazenje s strani ¢loveka in ptic
(‘I SLOVENSKO DRUSTVO
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Dolocanje vira onesnazenja je multidisciplinarno

« Viri onesnazenja so lahko odvisni od sezonskih sprememb

* Opis porecja z vizuelnim pregledom, izdelava seznama potencialnih virov fekalnega
onesnhazenja

* Pregled preteklih in trenutnih rezultatov monitoringa FIB za prostorske in éasovne
trende v povezavi z meteoroloskimi pojavi, pretoki, ...

- Ce je sum fekalna kanalizacija, izvedba testov z dimom, barvilom, pregled s kamero
- Ce je sum na prispevek éloveka, testiranje s élovesko specifiénim PCR
- Ce je sum na prispevek zivali, testiranje z zivalsko specifiénim PCR

(‘ SLOVENSKO DRUSTVO
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Are sure=%his ‘water's sanitary? [t looks

gquestionable to mel

Ay

Zahvaljujem se sodelavcem na NLZOH:
Tanji Zlender, Aleksandru Mahniéu in Maji Rupnik za vzorce DNA,

Petri Vovko za strokovno pomoc, ® NACIONALNI LABORATORIJ ZA
ekipi OMA Novo mesto za prevzemanje dodatnih delovnih obremenitev, ZDRAVJE' OKOLJE IN HRANO
Katji Zelenik za zaupanje. 4
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