Guidance on Waterborne Pathogeri®or Consultation (2020)

Purpose of consultation

This document has been developed with the intent to provide regulatboyiies and
decisionmakers with guidance on waterborne pathogens not covered in other Guideline
Technical Documents.

This document is available for6@-day public consultation period. Please send
comments (with rationale, where required) to Healthadarvia email:

HC.watereau.SC@canada.ca

All comments must be received beférebruary 32021 Comments received as part of
this consultation will be shared with members of the Fed&n@lincial Territorial Committee
on Drinking Water (CDW), along with the name and affiliation of their author. Authors who do
not want their name and affiliation shared with CDW members should provide a statement to this
effect along with their comments.

It should be not that this guidncedocument may be revised following the evaluation
of comments receiveahd the final document will be publisheditixing water guidelingwill
be established, if required. This document should be considered as a draft for comment only.

Guidelines forCanadian Drinking Water Quality: Guidance Document
1


mailto:HC.water-eau.SC@canada.ca

Guidance on Waterborne Pathogerisor Consultation (2020)

Executive Summary

Many types of pathogenic microorganisms can spread through contaminated or
inadequately treated drinking water to cause huitire@ss Some are present in human or animal
fecesand can cause gastrointestinal illness wheallecontaminated water is consumed. Others
are naturally found imquatic environmen@nd can cause opportunistic infections when the
conditions in engineered water systems allow them to multiply and sprieaarily to
individuals who are susceptible infection.The health effects caused by these opportunistic
pathogens are diverse and range from respiratory illness to infections of the eye, skin, central
nervous system or gastrointestinal tract.

A basic understanding tie different types of wateobne pathogenstheir sourcesthe
measures that amaportantfor their control and thpeoplethat are most at rislor becoming
sick—is necessaryor effective drinking water management dodpreventing outbreaks of
waterborne disease. Health Canadapgieted its review of waterborne pathogens of potential
human health concern. This guidance documest prepared in collaboration with the Federal
Provinciat Territorial Committee on Drinking Wat€€DW) anddescribes these organisms, their
health effectshow they are transmitted and best practices to ensure safe drinking water.

Assessment

Setting maximum acceptable concentrations foptitbogensiescribed in this document
remains impractical and is nogécessaryn order for drinking water utilities tadequately
manage riskdmplementing a sourem-tap approach is a universally recommended strategy for
reducing the concentration of waterborne pathogens in drinking wateoatrdllingtheir
potential risks. Important elements of this strategy irelsource water protection, treatment and
disinfection requirements based on hedidsed treatment goals for enteric protoZsiaidia
andCryptosporidiuny and enteric virusesnd managing microorganism survival and growth in
drinking water distributionystems. Maintaining microbiological controlwater systems in
buildings and residencésalso a critical component of providing safe drinking water at the
consumer’ s tap. The intent of this document
territorial regulatory authorities, decision makers, water system owners and operators and
consultants with guidance on waterborne pathotigatsire not addressed in tlaiidelines for
Canadian Drinking Water Qualifwith the objective of minimizing publibealth risks in
Canadian water systems.

International Considerations

Drinking water guidelines, standards and/or guidance from other national and
international organizations may vary due to the date of the assessments as well as differing
policies and apmaches.

International organizations have not established numerical limitedee waterborne
pathogens in drinking watefhe United StateBnvironmental Protection Agency$ EPA), the
World Health Organization (WHO)h& European Unio(EU) and theAustralian National
Health and Medical Research Council all recommend a risk management strategy based on a
multiple barrier approach to prevent the entry and transmission of these waterborne pathogens.
The WHO and Australia have developed fact sheets prayidformation on waterborne
pathogens that may contaminate the water supply.
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Part A

A.1 Goal & Scope

The goal of this document is to provide provinces, territories, other government
departments and stakeholders with guidance on waterbaimegpas of potential human health
concernwhich are not addressed in tBeidelines for Canadian Drinking Water Quality

A wealth of important research has advanced understanding of the public health
relevance of these waterborne pathogens in drinkingnggtstemsManagement strategy
considerationgocuson the treatment plant and the distribution system; however, some guidance
is provided for plumbing systems in buildings and resideridestesponsible drinking water
authority in the affected jurisdioin should be consulted fgpecific information on guidance
and requirements for plumbing systems.

A.2 Introduction

The mcroorganismgoveredn this document arkstedin Tablel. This document
addresses theaterborne bacterial pathogethat areof enteric originandare knowrno cause
gastrointestinal illnesshenthere isfecal contamination of inadequately treated drinking water.
Thedocument also describaaturallyoccurring waterborne pathogers these organisms are
often associated with infdons in susceptible individua{such as infants, the elderly and
immunocompromised individualgndare referred to agpportunistic pathogenkngineered
water systemare importanhabitatsfor naturallyoccurring waterbornpathogensMany
possessdatures that present challenges for drinking water utilities, such as increased resistance
to disinfection, growth under low nutrient and oxygen conditions and growth in biofilms.
Effective management requires control of these organisms in drinking visttédudion systems,
and within building plumbing systems that gen
More information is requiredn theirecology in biofilms and the effectiveness of treatment
procedureso better understand best managetrpractices

Overall strategies for management are summarized in FartnAPart B, brief technical
information is presented on the individual pathogens (See Table 1), their effects on human
health, as well as sources and exposure. Analytical ancheeatonsiderations are also
summarized.

Table 1 Microorganisms addressed in tigisidancedocument

Waterborne enteric pathogens Waterborne naturally -occurring pathogens
Campylobacterspp. Bacteria:
Enteric pathogeni&scherichia col(E. col) and Aeromonaspp.
Shiellaspp. Legionellaspp.
Helicobacter pylori Mycobacteriunspp.
Salmonellaspp. Pseudomonaspp.
Yersiniaspp.
Protozoa:
Naegleria fowleri
Acanthamoebapp.
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A.3 Management strategies

Settingmaximum acceptable concentrations thesemicroorganisms remains
impractical and is not required in order for drinking water utilities to adequately manage risks
Instead, a priority focus on drinking water process management, for example, through the
implementation of a sourde-tap orwatersafetyplan approach, is the recommended strategy
for waterutilities to manage potential risks. Important elemeithis strategy include:

e source water protection (where feasible);

e optimized treatment performance for turbidity aradural organienatterremoval;

e proper application of disinfection technologies;

e performancel/verification testing using multiglperational parameters and water quality
indicators;

e a welldesigned and weklhaintained distribution systerand

e maintenance of an effectiisinfectant residual

A.3.1 Water treatment plant

When properly designed and operated, physical removal and disinfection technologies
commonly used in drinking water treatment are very effective in reducing or inactivating the
waterborne pathogemtescriled in this documenCurrent teatment requiremengse basedn
healthbased treatment goals for enteric proto@derdia andCryptosporidiun), and enteric
viruses This isbecause of theimportance as causes of waterborne disdagh,infectivity,
difficulty of removalthrough water treatmerdéind high disinfectant resistanddne physical
removal and disinfection requirements for the waterborne pathdgenssedhereareless than
or equivalent to those f@nteric protozoa and enteric virusAs a resultsurface water and
groundwater under the direct influence of surface watstems that meet the guidelines for
enteric protozoa and enteric viruses (minimwh@removal and/or inactivation and minimum 4
log removal and/or inactivation, respeedly), are capable of contratig these pathogens.
Groundwater systems that meet the guidelines for enteric viruses (minifragneimoval
and/or inactivation) are capable of corlirg) of thesepathogensThe Health Canada Guideline
Technical Documentgnteric ViruseandEnteric Protozoa: Giardia an@ryptosporidium
includemore information on the requirements for drinking water treatment and disinfection.

A.3.2 Drinking water distribution system

Even with treatment technologies in place, microorgansamsenter drinking water
distribution systemas a result oihadequate treatment or through pweatment contamination
via intrusions, crossonnections or during construction or repairs. Biofilms and loose deposits in
drinking water systems providelhitats that can support the survival, growth and dissemination
of pathogenic microorganisms, particularly opportunistic pathogensl{egignellg.

Information on managing microorganism survival and growth in drinking water
distribution systemsfoundi n He al t h Ca n aGdidahce onfMorbtdringdhe t i on s :
Biological Stability of Drinking Water in Distribution SysteargdGuidance on Natural Organic
Matter in Drinking WaterKey distribution systenoperational and maintenance prees
include:

Guidelines forCanadian Drinking Water Quality: Guidance Document
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e use of proper construction materials;

e treatment optimization to minimize the amounts of nutrients, scaling and corrosion within
the system,;

e managing water age and controlling the effects of temperatures where possible;

e maintaining an effective disinfectargsidual;

e preventinghe entry oftontamination (e.gpressure maintenance, preventing cross
contamination/backflow, hygienic practises during mains constructions and regadts);

e keeping the distribution system clean (euge of appropriate flushinghd cleaning
techniques)

A.3.3 Premise plumbing

Maintaining microbiological control in premise plumbing systems, especially in large
buildings, is a critical component of providing safe drinking water atthen s ume r > s t ap
Important elements of controlrategies for plumbing systenrlude

e limiting nutrient levels through an emphasis on system design and materials;

e minimizing areas of low flow/stagnation;

e keeping temperatures of hot and cold water systems outside of the ideal range for
microorganism gnath (e.g, cold waterless tharR0°C, hotwater tank temperature
greaterthan60°C); and

e reducingthe formatiorand transmission of contaminated aerosols fustal devices.

It is also important to highlight that in management strategies for complexsyatems,
many control measures are interrelatédanges in the microbiological diversity of drinking
water systems can occur with changes in materials or operational procéthdestanding the
effects of changes in water management operations dardyiwater ecology is necessary to
minimize unintended consequences suctraating conditions that favour the growile.,
enrichmen of specific microbiological groups

Part B. Technical information
B.1 Enteric bacteria
B.1.1Campylobacterspp

B.1.11Description

Campylobacte(Class: Epsilonproteobacteria) is a bacterial genus that contains over 30
recognized species, but only some have relevance for human health (Wagenaar et al., 2015;
Backert et al., 2017; LPSN, 201@ampylobacter jejuniC. jejuni) andEscherichia coli
(E. coli) are the primary and secondary species of most relevance as causes of human
gastrointestinal illness, accounting for greater than 90% of cases of kampyglobactdosis
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worldwide (Huang et al., 2015; Wagenaar et al. 530Qther specieare know to cause
gastrointestinal illness, but their occurrence is rare or is associated with specific risk groups (e.g.
immunocompromised individuals) or geographical areas (Wagenaar et al., 2015). Some
Campylobactespecieqspp.)have been associated with prenatal and neonatal infections and
human periodontal disease (Backert et al., 2017; Huang et al., 2015)

Campylobactespp.are Grarnegative, motile, curved or spiral rstiaped cells
(Percival and Williams, 20B). They are fagtiousandmicroaerophilic (require lower oxygen
levels)bacteria that hava grovith temperaturef 30to 45°C (optimum:40-42°C) (Percival and
Williams, 2014b\Wagenaar et al., 201Zautner and Masanta, 2016

B.1.1.2Health &fects

Gastroenteritis cauddoy Campylobactespp.includesa watery profuse and sometimes
bloody diarrheaccasionallyaccompanied by fever and abdominal pain (Backert et al., 2017,
Percival and Williams, 201B). Some severe infections may lead to hospitalization and can be
life threateningalthough fatalities are usually associated with the very youang old, or
patients with underlying disease or immune system deficiencies (iyaisal., 2014)

Symptoms generally occur withone to fivedays of infection and the illnesastslessthan

seven to teways (Backert et al., 2017). Shedding of the organism in feces typically ceases
within a few weeks of infection, but can persisttftmeemonths omore Asymptomatic

infections withCampylobactespp. are also possible (Pemiand Williams, 2014). While
Campylobactespp.can cause iliness in healthy individuals across all age grougeveloped
countriesinfections are more prevalent in young children, young adults and the elderly
(Kaakoush et al., 201®HAC, 201&). Edimates of the infectious dose fGampylobactespp.

vary considerably, however data suggests ingestion of a few hundred bacteria is sufficient to
cause infection (Kothary and Babu, 2001; Percival and Williams, 2014b; Backert et al., 2017).

Postinfectioncomplicationsassociated witliCampylobactespp.illnessinclude
Guillain-Barré Syndrome and reactive arthritis, though these are relatively rare (Backert et al.,
2017; Percival and Williams, 20ty Campylobactespp.infection may be associated with the
devel opment of i1inflammatory bowel diseases su
irritable bowel syndrome (Backert et al., 2017; Huang et al., 280%etaanalysisestimated
thatCampylobactespp.cases develop lorgrm complicationsn thefollowing proportions:
Guillain-Barré Syndrome0.07%(95% confidence interval0.03:0.15%) reactivearthritis,
2.86%(95% CI: 1.405.61%) and irritable bowel syndromet.01%(95%Cl: 1.41-10.88%)

(Keithlin et al., 2014b)Campylobactespp.is the leathg cause of bacterial gastrointestinal

illness in Canada and other developed countries worldwide (Backert et al., 2017; Huang et al.,
2015). Cases afampylobacteriosis in Canada and internationally are predominantly sporadic,
with most illness associatedth consumption of contaminated food (Huang et al., 2015;
Wagenaar et al., 2015). In Canada, reported annual incidence rates (all causes) over the period
from 20132017 ranged from 25.4 to 29.2 (median43&ases per 100,000 populati®HAC,

2019). Irfections (all sources) are more common in the summer months (Fleury et al., 2006; Lal
et al., 2012; Kaakoush et al., 2015).

lliness caused b@ampylobactespp. is generally selfmiting. Antibiotics are
prescribednly in severe cases (Wagenaar et &1%).No vaccines foCampylobactespp.are
available (Wagenaar et al., 2016 ampylobactespp. areesistant taiprofloxacin and
azithromycinhave beemjiven a threat level dferious by the énters foiDiseaseControl and
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PreventionCDC, 2013a) The WHO andthe Public Health Agency of Canad@HAC) consider
these organismsraedium to high priority for surveillance, research and public health attention
(Garner et al., 2013WHO, 2017, PHAC, 2018a).

B.1.1.3Sources and exposure

Campylobactespp.arezoonotic pathogens (i,@ransmitted from animals to humans)
that are naturally found in the intestinal tratt wide range of wild and domestic birds and
mammals (Wagenaar et al., 2015; Backert et al., 2@Pbiltry are considered the major
reservoir(Wagenaar et al., 2015; Backert et al., 2017). Cattle, sheep and domestic pets are also
important sources of the organisms (Wagenaar et al., 2015; Backert et al., 2017). Transmission
of Campylobactespp.occurs via the fecadral route,with the main pdiways forexposure
being contaminated food or water and direct contact with animals (Percival and Williamis, 2014
Wagenaar et al., 2015). Persimrperson transmission is uncommon (Percival and Williams,
201%; Wagenaar et al., 2018jnportant sources décal contamination that can impact
drinking water sources, includirggoundwater and surface wataresurface runoff
contaminated withivestockwasteandmunicipal sewagée.g, from wastewater discharges
leaking sanitary sewers) (Whiley et al., 2D18&trusion of animal feces following heavy rainfall
or snowmelt is a particularly important cause of contamination of vulnerable groundwater wells
(Moreira and Bondelind, 2017).

Although food and waterborne outbreaks are comparatively rare (Huang2astld;,
Moreira and Bondelind, 201,AFampylobactespp.has been recognized as drgeric
waterborne bacterial pathogen most frequently involved in drinking water outbreaks in
developectountries (Moreira and Bondelind, 201Axcording toUnited Statesy.S) data,
Campylobactespp. was identified as a causative owocourring agent in 11% of the drinking
water outbreaks reportétweer?001and2014 (the last year for which data is available)
Outbreakoccurred in almonths of the yeawyith the lagestoutbreaks occurring ithe spring
and summemonths(CDC, 2004, 2006, 2008, 2012013¢ 2015,2017). Periods of higher risk
for waterborne illnessoincide with peak periods for precipitatiorduced(e.g, rainfall,
snowmelt)agricultural runoff (&rk et al., 2013, Galanis et al., 2014).

Notable large drinking water outbreaks involvi@gmpylobactespp.worldwide include
New Zealand (2016yreater thari000 cases), Denmark (2010: 409 casesjo, U.S. @004:
1450 cases), Finland (2001: 1000 cas@slkerton, OntarioZ000:greater thar2300 cases) and
France (2000: 781 casew/o deaths) (Hrudey and Hrudey, 2004, Government Inquiry into
Havelock North Drinking Water, 2017; Moreira and Bondelind, 2017). Drinking water outbreaks
have largely beensaociatedvith small drinking water supplies (i,grivate wells or small
community suppliesyith contamination from infiltration of animal feces or wastewater and
inadequate disinfection reported as the most frequent causes (Moreira and Bondelind, 2017)
Private and small community water systems are recognized asnheialikely to contribute to
cases ohuman enteric illness than municipatiperated systemsifudey and Hrudey, 2004;
Murphy et al., 20@&; Butler et al., 2016)Using aQuantitative Micobial Risk Assessment
(QMRA) approach, Murphy et af2016)estimated that roughly 5% of the total number of
Canadian cases @fampylobactespp.acquired annually rght be attribuébleto consumption
of water from contaminated small drinking water systdmsunicipal drinking water systems,
inadequate disinfection and pdstgatment contamination via intrusions or crosanections are
the most common causesCampylobactespp.outbreak§Moreira and Bondelind, 2017).
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B.1.2Escherichia coliShigellaspp. (pathogenic strains)

B.1.2.1Description

Escherichia col(Class Gammaproteobacteriarkily: Enterobacteriaceaaje Gram
negativebacteria that are a member of the natural intestinal microbial community of humans and
animals They are facultativelyrserobicmotile or noamotile rod-shaped bacteridat can
grow over a broad temperature rang&b7C)with an optimal growth temperature 7°C
(Ishii and Sadowsky, 2008ercival and Williams2014). Whereas most strairfse., variants)
of E. coliare harmlessind function as indicators of fecal contaminatiemme have acquired
virulence traits through gains ala$ses of genetic materigroxen et al., 2013 hese
pathogenicE. colistrainscan cause numerous human diseases inclsgingusgastointestinal
infections, urinary tract and bloodstream infections and neonatal men{Qyitisen et al., 203;
Percival and Williams, 201} Non-pathogenicE. colistrains and their role in drinking water
risk management are aG@uileliresTacknital Doauméhtanl t h Canad
Escherichia col(Health Canada, 2019e).

Pathogeni. coliare broadlycategorizednto functional groups based on the
mechanisms with which they interact with their target cells and cause sympifi@®nt types
can bindto, invade, ocause structural alterationsa#lls and produce specific types of toxins
There aresix majorgroups of pathogeni€. colithat cause gastrointestinal infections
enterohaemorrhagie. coli (EHEC), enterotoxigenik. coli (ETEC), enteroimasiveE. coli
(EIEC), enteropathogente. coli (EPEC) enteroaggregativie. coli (EAEC) and diffuse adherent
E. coli(DAEC) (Croxen et al., 203 3Fercival and Williams, 201). Categorization of
pathogenicE. colistrains has previously bedetermined bygerotyping based on the classic
KauffmannWhite classification scheme faurfaceO and Hartigens Croxen et al., 2013;
RobinsBrowne et al., 2016 Molecular methods have been develoffetallow for more rapid
detection and identification of the difnt pathogenic strains (Croxen et al., 2013; Rebins
Browne et al., 20165erotyping informatiomeverthelessemainshelpful in outbreak
investigations and disease surveillance (ReBirmvne et al., 2016 Additional pathogenic
E. coligroups have begoroposed, buthesehave not been completely definé&Ebmparative
genomics studies have shown that these gdesmnationsre notalwaysclear cut, and that
there isconsiderabl®verlap in the virulence mechanisms possessed by differexati strains
(Croxen et al., 2013Bhigellaspp.are closely related t&. coli but havehistoricallybeen
consideredeparatespecien the basis dbiochemical characteristics and clini¢ehtures of
diseaseAdvanced molecular typing and sequencing analyaeedemonstrated th&higella
spp.clearlybelongswithin thespecie<. coli, forming a single group witthe EIEC (Croxen et
al., 2013 RobinsBrowne et al., 2016 A re-evaluationof the Shigellaspp.classification may be
required to take into accouns igenetic relationship to tiiescherichiagenusThe genus name
Shigellaspp.and disease nanshigellosis (i.e.disease caused I8higellaspp.) arestill used for
historical purposes (Croxen et al., 2013pnventionally Shigellaspp.hasfour majorspecies(S.
dysenteriaeS.flexneri,S.boydii andS.sonnej; with ShigellasonneiandShigellaflexneribeing
the most important in developed countriBercival and Williams, 2013.

Among the pathogeni€. coli, the EHEC (synonyms: shiga tox#producirg Escherichia
coli andverotoxinproducingEscherichia col(VTEC)) are ofmost concern to the drinking
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water industryPercival and Williams, 2014 Saxena et al., 20L.5EHECarethe subset oOE.

coli that can produce one or moretloé potenShiga toxns and are considered to be highly
pathogenic to humank. coliO157:H7 is the most prevalent EHEC serotypmvever, other
serotypes, i.e., 026, 045, 0103, 0111, 0121, and O145 are also important causes of human
illness(Croxen et al., 201,Baxena et al2015 PHAC,201&).

B.1.2.2Health effects

In developed countries, mdst coliillness occurs as sporadic cases or outbreaks
associated with contaminated food and water or travel (Croxen et al., 2013; Saxena et al., 2015).
In developing countriesneeric pathogenid. coliare a significant cause of illness and
mortality, particularlyamongchildren

Enteric @thogenic. coliShigellaspp.cause diarrheal illness that can range in severity
from mild and seHimiting to severe and lif¢threatening deending on the group and strain
involved Thefirst symptom is a watery diarrhedhis can be followed bylbody diarrhean
EHEC infectionsandoccasionallyduring EIECShigellaspp.and EAEC infectiongCroxen et
al., 2013 Percival and William2014; 2014). Additional symptomscan include nausea,
vomiting, abdominal pain, fever, headache and muscle $gmptom onset generally occurs
within one to threelays of infectionThe duration of diarrhea is usuatipe to twoweeks, but
can persist longer W some strainfCroxen et al., 2013; Percival and Williams, 2612014).
Infected individuals can become asymptomatic carriers capable of shedding the organisms in
their feces for weeks to months after infecti@noxen et al., 203,3ercival and Willians,

2014, 2014). Doses required to cause infection are estimated to range from less than 100
1000 organisms for EHEC and EIESDigellaspp.to greater thaonemillion to tenbillion
organisms for the other groups (Kothary and Babu, 2001; Croxen 2088, Percival and
Williams, 2014c; 2014h).

EHEC illness is particularly concerning as it can progress to the serious and potentially
life-threatening hemolytic uremic syndrome (HUS), which results in decreased blood cell and
platelet counts and acutalkey failure A metaanalysis showed that HUS was the predominant
long-term complication following cases Bt coliO157 iliness, with an estimated rate of
occurrence between#7% (Keithlin et al., 2014aHUS can also lead tturther longterm
effects n thepancreas, gastrointestinal system and central nervous sySggmale et al., 2013)
Complications arising from neBHEC infections are uncommg@@roxen et al., 2013A link
between infections with some pathogehicolitypes {.e., DAEC and soménvasiveE. coli)
and chronic intestimnal di sorders such as 1rri
suggestedCroxen et al., 20)3In developed countriegnteropathogeni&. colican cause
gastrointestinal infections in healtimdividualsin all age groups. Young children ati
elderlyare at higher risk of experiencing illness and complications as a result of infection
(Percival and Williams, 2014 2014; Gargano et al., 2017)

EHEC andShigellaspp.are among the leading causes ofteaal gastrointestinal illness
in Canada, th&).S.and Europe (Scallan et al., 2011; CDC, 2018; ECCDC, 2018a; PHAC, 2019).
Case reports and outbreakgofcolirelated diarrheal iliness amstdigellosis in North America
have mostly been tied to food, amdvelrelated exposures, though waterborne exposure remains
an important cause of infections (Croxen et al., 2013; PHAC, 2018c). Reported annual incidence
rates in Canada (all causes) over the period from 202317 were EHEC (as VTEC): 1.-2824
(median: 1.82) cases per 100,000 persons;Simdellaspp: 1.942.53 (median: 2.28) per
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100,000 persons (PHAC, 2019). Seasonal trends in EHESIagédllaspp.infections (all
sources) have generally been observed worldwide, with more cases occurring in Suesnigr
fall (Fleury et al., 2006; PHAC, 2010; Lal, 2012).

In most case<. colidiarrheal infections are sdifniting. Treatmengenerallyinvolves
oralrehydration to maintain fluid and electrolyte balance. Antibiotics can be prescribed in severe
ca®s with some strairsf E. coli. Antibiotics are normally not recommended EHEC
infections,as they can stimulate Shiga toxin production, increasing the risk of(Btd®en et
al., 2013)

The CDC, WHO and PHAC have identifiedrbapenennesistank. cdi andextended
s p e ¢ t-lactamasgESBL)-producingE. coliaspublic healthithreats of serious to critical
importance CDC 2013a; WHO, 201 PHAC, 2018a ESBL-producingE. coliare generally
resistant to many antibacterial drufs persons with severe inféahs with these strains,
carbapenems are one of the main treatment opfResstance to carbapenems means resistance
to one of the last available treatment options (CDC 2013a, WHO, 2017). Pathgeuoiic
strains resistant to ESBL antibiotics and cagreems have been recovered from humans and
animals(Mir and Kudva, 2018)Shigellaspp.resistant to ciprofloxacin and azithromycin also
have been designatedaseriousthreat level by the CDC, arthve been designated as a low to
medium priority for resarch and surveillance IBHAC and the WHQCDC, 2013aGarner et
al., 2015WHO, 2017). AsShigellaspp.resistance to firsine drugs has increased, treatment
has shifted to reliance on these two drugs for treating resistant infe@ibs 2013a; WHQ
2017) A vaccine based on the cholera toxin (which is structurally similar to the ETEC heat
labile toxin) has been licensed for use to protect against eTEG oci at ed traveller
(Croxenetal,2013)” Ry a n e tMore ata isZequired ydetermine the effectiveness of
this and other candidate vaccines for ETBEC (Ry a n e tNo watcinesare available for
otherE. coligroups(Croxen et al., 2013)

B.1.2.3Sources and xposure

Humars are the primary reservoir for the EPEC, ETEC BAGEC groups and the only
known reservoir for EIE@higellaspp.(Croxen et al., 2013EHEC are important zoonotic
pathogensRuminantsparticularly cattleare the primary reservoir for EHEGumans are a
secondary reservofCroxen et al., 2013, Peraivand Williams, 2014). Animals (e.g, cattle,
dogs, sheep, rabbits) are also a reservoir for certain EPEC ¢Geimxen et al., 2013)
Transmission of pathogentt colioccurs through the fecakal route and the main routes of
infection are contaminead food or water, perseguerson spread and direct contact with animals
Important sources of fecal contamination doinking water sourceare muctthe same athose
discussedor Campylobactespp. (see B.1.(Hrudey and Hrudey, 2008oreira and
Bonddind, 2017.

Warmer temperatures angteeme rainfall have been identified as contributing factors to
waterborne disease outbreaks in Canada (Thomas et al., B@@6y rainfall causing flooding
contributed tahe Walkerton, GitarioE. coliO157:H7andCampylobactespp.outbreak of 2000
( O’ Co n n olntheUXS)pathogenidE. coli(largelyE. coliO157:H7)was identifiedas a
causativeor co-occurringagent in roughly 4% ahedrinking water outbreaks reported over the
periodbetweer2001and2014(the last year for which data is availabl€DC, 2004, 2006,
2008, 20112013, 2015,201d). Most E. colidrinking water outbreakisave beermssociated
with small drinking water supplies €., private wells or small community suppl)g€raun et al.,
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2010; CDC, 2011, 2013c, 2015, 20)7@MRA estimates suggest that consumption of untreated
or inadequately treated water from small drinking water suppliemagsponsible fot% of
all cases oE. coliO157illnessin CanadgMurphy et al., 2016)Locations oflargedrinking
wateroutbreaksnvolving pathogenic. coliincludeKorea (2015188 cases, 0 deaths)
Missouri,U.S.(2010:28 cases, 0 deaths) Walkerton, Onta2i@00:greater thar2300 cases, 7
deaths) and 8w York U.S.(1999:781 casedwo deaths)(Hrudey and Hrudey, 20Q0Missouri
Department of Health and Senior Services, 2011; Park et al.,. Z¥i§gllaspp.is rarely linked
to drinking water outbreak$ifudey and Hrudey, 200&raun et al., 2010 hreereports of
drinking water outbreakisvolving Shigellaspp.havebeenrecordedin theU.S. between 2001
and 2014 all associateavith irregularsources ofirinking water (pondake watercommercially
bottled water system{CDC, 2006, 2011, 2015).

B.1.3 Helicobacter pylori

B.1.3.1Descrption

Helicobacter pylori(H. pylori, Class: Epsilonproteobacteria) is a pathogenic bacterium
that can colonize the human stomach and is responsible for causing gastrointestinal diseases
which can include gastritis, peptic ulcers and gastric cancer (Beaciet Williams, 2014d;
Posteraro et al., 2013)elicobacterare closely related to the gemfDampylobacte(Percival
and Williams, 2014d). Over 20 differeHelicobacterspecies have been determined by gene
sequencing (Percival and Williams, 2014d; Pasteet al., 2015H. pyloriis the predominant
pathogenic species of the genus, accounting for the vast majority of human inf&ximes
otherHelicobacterspecies have occasionally been associated with human gastrointestinal illness
(Percival and Wilams, 2014d).

H. pylori are Grarmnegative, motile, fastidious and microaerophilic (require lower
oxygen levels) bacteria that grow over the temperature range4#°8)optimum: 37°C)
(Mégraud and Lehours, 200psteraro et al., 2015)hey are not acidahilic (acidloving)
bacteria, but possess mechanisms that enable the bacteria to tolerate the acid conditions of the
human stomachk. pylori have two morphological forms: a spirat¢Baped) rod form and a
viable but norculturable (VBNC) coccoid form #t is adopted under conditions of
environmentalstresfs he VBNC form is an important c¢componc
strategyhowever its role in pathogenesis is unknown (Percival and Williams, 2014d).

B.1.3.2Health effects

The vast majority oH. pylori infections are asymptomatic (Percival and Williams,
2014d).H. pylori infection can cause a chronic and superficial gastritis, and some infections
develop into peptic (i.eduodenal or gastric) ulce(Bosteraro et al., 2015ymptoms of
gastrits and ulcers include nausea, abdominal pain, heartburn and bleeding (Percival and
Williams, 2014d; Posteraro et al., 201%) a very small fraction of the infected population,
infections can develop into gastric candérpylori has been classified bydhnternational
Agency for Research on Cancer (IARC) as carcinogenic to humans (IARC, 2014), and the
organism is considered to be the single most common cause of gastric cancer worldwide
(Percival and Williams, 2014d; Posteraro et al., 20Ibg infectios dose oH. pyloriis not
known. Challenge studies suggest it is less than 10,000 cells (Solnick et al., 2001; Graham et al.,
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2004);however evidence from case reports of illness suggests the dose could be orders of
magnitude lower (Langenberg et al. 909 MatysiakBudnik et al., 1995).

The varyinghealthoutcomes of. pylori infection seento be related to human genetic
variability, environment and dietary factors and differences in strain virulence (Brown, 2000;
Posteraro et al., 2013ince thanajaity of persons do not develop clinical disease, it can be
difficult to determine when infection occurs (Brown, 200@gople livingin low socioeconomic
status, poor hygiene or sanitary conditions and crowded ordagsity living conditions are
associagd with higher prevalence &f. pylori infections (Brown, 2000 Rates of infection are
higher in developing countries and inaregk populationswith most infectiondeingacquired
during childhoodn these location@Brown, 2000 Posteraro et al., 2018} hildhood rates in
developed countries are lower and may be decreasing with improvements to sanitary practices
(Brown, 2000) H. pylori havebeen cited as the most prevalent bacterial pathogen of humans
(Posteraro at al., 2015). Roughly one half oftetwl d > s popul atH. pyleri i s i nf ¢
(Percival and Williams, 2014d). Rates of asymptontdtipylori infections vary widely by
geographical area but are broadly estimated to fall in the range frem®52® in developed
regions and from 50 to >70% developing countries (Brown, 2000; Hooi et al., 2017; Zamani et
al. 2018). The rates of. pylori infections in Canada are not well understood as they are not
reportable illnesses. Studieshbf pyloriinfections in Ontario adults 50 80 years of agand
Canadian children with upper gastrointestinal symptoms have reported rates of 23.1% and 7.1%
respectively (Naja et al., 2007; Segal et al., 2008). Higher rates (>40%) have been reported
among First Nations populatioms CanaddBernstein et al., 199%ethi et al., 2013; Fagan
Garcia et al., 2019).

Once colonized bid. pylori, infections can be lifelong unless intensive antimicrobial
therapy is provided (Percival and Williams, 2014d). Eradicatidn. gfylori has been shown to
be the definitive cure foduodenal and most gastric ulcers (Percival and Williams, 2014d).
Helicobacterresistant to clarithromyciand multidrugresistanHelicobacterhave been
identifiedas amedium tohigh priority for research and the development of new antibiotic
strategis by PHAC and thaVHO (Garner et el., 20134/HO, 2017. No effective vaccines
againstH. pylori infection have been developed (Posteraro et al., 2015).

B.1.3.3Sources and exposure

Hosts forH. pyloriinclude humans, domestic cats and-haman primates.g., old
world macaques) (Percival and Williams, 2014d). The human stomach is considered the major
reservoir (Percival and Williams, 2014@omestic cats are also thought to be a source of the
organism relevant for human infections (Percival and Willia2044d).

The principal means tbhugh whichH. pylori infections are acquired is unclear. Person
to-person transfer is presumed to be the most likely route of transmission viaredcglstrie
oral or oraloral routes (Percival and Williams, 2014d; feoaro et al., 2015). Direct contact with
domestic cats is also thought to be a pathway for infedtimwever there is no confirmed data
on transmission from animals to humd@Bsown, 2000. Consumption otontaminatedirinking
water is suspected as a@uatial source of infectiarinfection occurring through multiple
transmission pathways is likely (Percival and Williams, 2014temApts to culturéd. pylori
from environmental water samples hawestlybeen unsuccessfudnd this absence of cultured
data has limited epidemiological and rigksessmen{®ercival and Williams, 2014dvidence
for awaterborne transmissi@momedargelyfrom epidemiological studies conducted in
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developing countries (Percival and Williams, 2014dirthersupport forwateras vehicle of
transmission has been provided by culturelopyloriin feces in infected individualstetection
of H. pylori by molecular methods idrinking water suppliesand the finding of an association
betweerH. pyloriin untreated groundwater suiesandclinical infection in individuals
drinking the wate(Baker and Hagerty, 2Q0. In countries with adequate drinking water
treatment, drinking water is unlikely to be a significant source of infection (Percival and
Williams, 2014d). Nevertheles&rther research on the role of water in the spreadl @iylori
infections is needed&tudies on the detection HE pylori in municipaldrinking watersupplies
have been limited. Surveys of public facilities and domesticdafectedd. pylori by
polymease chain reactiofiPCR) in water and biofilm samples at66% of the locations
sampled (Watson et al., 2004; Santiago et al., 2015; Richards et al.,ROd@pri arenot a
recognized cause ofaterborne outbreaks (Percival and Williams, 2014d).

B.14 Salmonellaspp.

B.1.4.1Description

SalmonellgClass Gammaproteobacteria, Family: Enterobacteriacea&rge and
diverse group of bacterthat can causgastrointestinainfections in animals and humans
Molecular methods have shown thla¢ genugonsists of only two specieSalmonella enterica
andSalmonella bongor(Percival and Williams2014y; Graziani et al., 2017palmonella
entericais further dividedinto six subspecies and contathe majority ofthe over 2500
serotypeshat have beerdentified(Grimont and Weill, 200;/Percival and Williams, 2013g
Early in Salmonelladentification, serotypes were treated as species and given tiahes
reflected the host or disease it was associated witater, the geographic location where #sv
found(Grimont and Weill, 2007\When the current taxonomic structureSaimonellavas
established, these names had become so familiar that they have been maintained, substituting for
the O and H group naming structdihat ismore commonly used withtleer bacterial species
(Grimont and Weill, 2007)

Salmonellaof human importancarebroadlycategorized into two main groupscording
to the type of disease they causbe yphoidalSalmonellaS. seotypeTyphi andS. seotype
Paratyphi) are the causat agents oéntericfever, a serious and liféhreatening illness
(Sancheavargas et al., 2011Yhe rontyphoidalSalmonellaare a large group containing the
remainder ofhe serotypes which cause gastrointestinal illnessofing severity(Sanchez
Vargas et al., 2011)n developectountries it is the nortyphoidalSalmonellahat arethe most
important as food and waterborne pathogébanche/argas et al., 2011; Percivahd
Williams, 2014y). SalmonellaserotypeEnteritidis andS. serotypelyphimuium arethe
serotypesnost commonly encountered causes dfuman infectiongSanche/argas et al.,
2011)

Salmonellaare Gramnegative, facultative anaerobic, predoamtly motile rodshaped
bacteria that can grow over the temperature ranged@f6,and optimally at 387°C (Graziani
etal., 2017).
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B.1.4.2Health &fects

Salmonellanfectionsfollow differentcourseof diseaselepending on whether the
serotype is typhoidal or neyphoidal (Sanche¥argas et al., 2011Non-typhoidalSalmonella
causea gastroenteritis characterized by diarrhea, fever and abdominal pain (Percival and
Williams, 2014y, Graziani et al., 20175ymptoms occur within 222 hours of infection and the
illness may last fofour to severdays.In severeases, infectiosan spead to other parisf the
body (e.g., blood, urine, joints, brain) and can bethfeatening (Percivand Williams 2014y;
SanchezVargas et al., 2011Lhildren have the highest incidenceSaimonellanfections
(Christenson, 2013PHAC, 2018&). Sevee infections and fatal cases are rare and are more
commonly reported among the very young, the very old and those with compromised immune
systems or underlying iliness (Sanché&rgas et al., 203 Delker and Frank, 2015A meta
analysis of nostyphoidalSalmonellacases developing loAgrm complications estimated the
proportion developing reactive arthritis at 5.8% (95% CL1023%) andrritable bowel
syndromeat 3.3 % (95%CI: 1.6:6.6%) (Keithlin et al., 208). Estimaesfor other outcomes
(e.g, HUS, Guillain-Barré Syndrome) were impeded by a lack of detithlin et al., 205).
TyphoidalSalmonellacause enteric fever, an invasive and systemic disease which involves high
fever, vomiting, headaches and numerous potentially fatal complications é2afarigas et al.,
2011) Enteric fever predominantly occursdevelopingcountries In developecdtountries the
incidence ofenteric fevelis infrequent and mostly related to travel (Sanefiamas et al.,
2011).The dose required to cause infection vadegending on the sdgpeinvolved and the
susceptibility of the host. Data suggests that the infective doseyplooidalSalmonella can
range from a low of less than 100 organisms to a high of 100,000 to 10 billion organisms
(Kothary and Babu, 2001).

Salmonellas the secondeading cause of bacterial gastrointestinal illness in Canada, the
U.S. and EuropéScallan et al., 2011; CDC, 2018; ECCDC, 2019; PHAC, 2ah39Canada,
reported annual incidence rates &lurceyin 20132017 ranged from 171 21.7 (median:

21.38) cases per 100,000 population (PHAC, 20d83%es of iliness are predominantly sporadic,
with most illness associated with consumption of contaminated food. Peak incidence of disease
(all sources) occurs in the summer and fall (Bfeatral., 2006; Lal et al., 2012)

Infections with nortyphoidalSalmonellaare generally selimiting, and teatment
involves fluid and electrolyte replaceméRercival and Williams2014y). Antibiotics can be
prescribed in severe cases where thenmcieased risk dhfection spreadqSanche/argas et
al., 2011; Percival and Williams, 2044 No human vaccines are currently available for-non
typhoidalSalmonellanfections (Sanche¥argas et al., 2011Yhe CDC, WHO and PHAC have
categorizedontyphadal Salmonellaesistant to ciprofloxacin, ceftriaxone or multiple classes
(e.g, >3) of drugsaspriority to highlevel threats (CDC 2013a; WHO, 2017, PHAC, 2018a). In
developed countries, antibiotic resistance trends have generally followed trenelsise thi
antimicrobials in food producing animals, with increased rates observed for older antimicrobials
(McDermott et al., 2018Declines in resistance rates for critical drugs for animals and humans
(3 generation betéactam antibiotics, ciprofloxaa) have been reported tine U.S. and Canada
and areconsistentith policies limiting their use in agriculture (McDermott et al., 2018; PHAC,
2018a).
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B.1.4.3Sources and xposure

Non-typhoidalSalmonellaare zoonotic pathogenShicken, pigsturkeyandcattle are
considered the most important reserv@@saziani et al., 2017ther animals (dogs, birds,
rodents, reptilesdnd humans (infected individuals and asymptomatic caraeesalso
recognized as sourca3drcivaland Williams,2014g; Graziani ¢ al., 2017) Humans are the only
known reservoir for the typhoid&almonellaserotypesRercival and Williams2014).

Salmonellaare spread biecaloral transmissiornFor the nortyphoidal serotypes,
contaminated food is the most common pathway ffacitior; and grsonto-person contact and
direct contact with animaksresignificant exposure pathwa{Bercival and Williams, 20134
Graziani et al., 20J)7Ingestion of contaminated water is a recognized route for infection
(Graziani et al., 2017} or sources of contamination important to drinking watee
Campylobactespp.(see B.1.1)Non-typhoidalSalmonellaare very rarely linked to drinking
water outbreak@CDC, 2004, 2006, 2008, 2011, 2013c, 2015, 2017d; Hrudey and Hrudey, 2004

B.1.5Yersinia spp.

B.1.5.1Description

The genu¥ersinia(Class: Gammaproteobacteria, Family: Enterobacteriaceatgins
approximately\20 bacterialspecieswith only 3 recognizechs human pathogenBwo species
(Yersiniaenterocolitica Yersiniaparatuberculosisare recognizedsfood or waterborne
enteropathogens thean causacute gastroenteritis of mild to high severity (Percival and
Williams, 2014; FredrikssorPAhomaa, 2015)Yersinia pestiss the bacteria responsible for the
plaguethatis transmitted fronanimals to humans by fleas or in aerogbtedrikssorAhomaa,
2015) Yersiniaenterocoliticacan bedivided into6 biotypesdifferentiated by physiochemical
and biochemical testand into more thaB0 serotypes based on variations in their surface O
anigens (Sabina et al., 2011; Fredriksgdmomaa, 2015)Human infections have traditionally
been associated with certain biotype and serotype combinaligmes 1b:08, 2:05,27, 2:09,
3:03, 4:03 are most commonly associated Wwitmandiseasevorldwide (Todd, 2014;
FredrikssorAhomaa, 2015, 2017Y.. paratuberculosiss more closely related to the plague
bacteria Yersiniapestig thanY.enterocolitica andis aless common cause of human infections
(Todd, 2014)ForY.paratuberculosighere are ove20 seotypesbased on O antigen variations
all of which are pathogenic (Percival and Williar2814).

Members of the genuéersiniaare Gramnegative, motile, facultatively anaerobic, rod to
coccobacillishaped cells that are able to grow at temperaturestoyeange of 43°C
(optimum 28-30°C) (Todd, 2014; Fredrikssekhomaa, 2015).

B.1.5.2Health &fects

Enteropatbgeric Yersiniaare enteroinvasive organisms which colonize and invade colon
epithelial cells, causing diarrhea and inflammatory reactionsifRéand Williams, 2014
Todd, 2014) Symptomsof infectioncan differ depending on the age and immunity of the person
infected, the strain involved and the infective dose (Todd, 2014). Common syniptcinildren
arediarrhea(often bloody) feverandabdominal pain (Todd, 2014; FredrikssBhomaa, 2015).
Diarrhea is less frequently obseniadnfections withY. paratuberculosigTodd, 2014). In older
children and adults, fever and abdominal pain which mimics the symptoms of appendicitis are
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the most coomon (Todd, 2014; Fredrikssgkhomaa, 2015)Symptoms occut to 11 daysafter
exposure and can persisto 3 days or longe(Todd, 2014; FredriksseAhomaa, 2015)
Asymptomatic infections witl . enterocoliticaandY . paratuberculosidave been reportednd

the pathogens can continue to be shed in feces for weeks after symptoms have ceased (Todd,
2014).0ccasionallyin severe casethebacteria can enter the lymph nodesl infectioncan be
furtherspread by the bloodstream (Percival and Williams, B(ArédrikssorAhomaa, 2015)
Complications from infections are uncommon, but can include joint pain (reactive arthritis) and
skin rash (Percival and Williams, 201 &redrikssorAhomaa, 2015)Other symptoms less
frequently assoctad withenteropathogenigersiniainfection are variousflammatory

reactions resuhg frominfection spread to other parts of the body (e.g., liver, spleen, lung, heart,
brain, bones) (Percival and Williams, 201%odd, 2014)Young children are more likely to
become ill frominfection with enteropathogeniersinia(Todd, 2014 PHAC,2018&). Sevee
infections and fatal cases are rare and are typically obserttee @derly and

immunosuppressed individuals (Todd, 2014)e infective dose is estimated to range between

10 thausandand1 billion organisms for botly. enterocoliticaand Y.paratuberculosigTodd,
2014);howeverthe dose is likely lower for immunosuppressed individuals (Fredriksson
Ahomaa, 2017).

Yersiniais a significant cause of bacterial gastrointestinaégk in Canada, théS.and
Europe (PHAC 2018c; CDC 2018; ECCDC, 2018b). National incidence data is not available as
yersiniosis is not a notifiable disease in Canada. The majority of cay¥essafiaassociated
illness are caused B§. enterocoliticaand are linked to the consumption of contaminated food
(Todd, 2014; FredrikesrAhomaa, 2015; PHAC, 2018c}enerally,Yersiniainfections are
more frequently observed during the winter months (Todd, 2014; Fredrikégonaa, 2015).

Infections withY. enterccolitica or Y. paratuberculosisre normally selimiting, with
treatment provided only in severe cases involving systemic infection or bacteremia (Todd, 2014;
FredrikssorAhomaa, 2015)No human vaccines are available.

B.1.5.3Sources andexposure

Patho@nic and nofpathogenicyersiniaspp.can be found in the gut of a variety of wild
and domestic animal®ércival and Williams, 2014FredrikssoPAhomaa, 2015). Pigs are the
major reservoir of pathogenic strains ofénterocolitica and ruminants (e.gcattle, sheep,
goats) dogs and cats are also important sourceésepathogeliTodd, 2014; Fredrikssen
Ahomaa, 2015). Rodents and birds are considered the major reserv¥irpdoatuberculosis
(Todd, 2014; FredriksseAhomaa, 2015)Pathogenicr ersina spp. are zoonotjthuscan be
transmitted from animals to human via the femall route (FredriksseAhomaa, 2015).
Contaminated food sources are the nsigificant pathway for infections (Todd, 2014;
FredrikssoPAhomaa, 2015). Consumption of contamatied water and direct contact with
animals are also importaimfection pathway$Todd, 2014; FredriksseAhomaa, 2015). Persen
to-person transmission is possible, but rare (Todd, 2014; Fredrikdsamaa, 2015).

In most studies, it is the ngrathogenicspecies or strains that are more frequently
isolated (Brennhovd et al., 1992; Cheyne et al., 2009; Schaffter and Parriaux,TA@0B)v
isolation frequency in environmental samples may be due to limitations in the sensitivity of
culturebased methods (EdrikssorAhomaa andorkeala, 2003). Cheyne et a010 found
thatusing PCR method¥ersiniavirulence geneweredetectedn 21-38% ofsampledaken
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from a heavily impactedver watershed thatasused as a sourder adrinking watertreatment
sydem

Yersiniaspp.have very rarelpeenlinked to drinking water outbreak&ccording to U.S.
data for 20092014 (the last year for which data is availab¥&siniaenterocoliticawas
associated with one drinking water outbreak as-aconirring agenvith Campylobactejejuni
(CDC, 2004, 2006, 2008, 2012013 2015,20174d. A contaminated untreated roommunity
groundwater supply was identified as the cause of the outhC&xR, 2004).

B.1.6 Analytical Methods

Standard methods are available for die¢ection ofCampylobactespp, pathogenic.
coli /Shigellaspp, Salmonella sppandYersiniaspp. indrinking water (APHA et al., 2017; 1SO,
2019). Procedures for isolating and identifying these bacteria commonly involve steps such
enrichment andfoseparation, plating, colony screening and identification using biochemical
tests, serological techniques, molecular methods or commercial kit$qetgxins) (APHA et
al., 2017).

No standard methods for the detection of vididdicobacterspp. in vater have been
established (Percival and Williams, 2014d, APHA et al., 2017). Methods for the detedton of
pylori in water environments involve the use of cultiméependent molecular techniques such
as PCR or fluorescent-situ hybridization. The lgrature can be consulted for details on specific
methods (Watson et al., 2004; Percival and Williams, 2014d; Santiago et al., 2015; Richards et
al., 2018).

B.1.7 Treatmentconsiderations

When properly designed and operated, physical renteghhologies—chemically
assisted, slow sand, diatomaceous earth and membrane filtration or an alternative proven
technology—and disinfectiormethods—chlorine, chloramines/monochloramine, chlorine
dioxide, ozone andltraviolet UV) light—commonly used in drinking waté&eatment are very
effective in reducing or inactivatirthe entericbacteriadescribed in therecedingsections
(LeChevallier and Au., 2004The CT(concentration x timefequirements fochemical
disinfectaninactivation ofthesebacteriaare compardb to those foE. coliand less than those
required for enteric protozoa and enteric viruSasbéey, 1989;.und, 1996;Johnson et al.,
1997;Rice et al., 1999Baker et al., 20024;eChevallier and Au, 200Rose et al., 2007,
Woijcicka et al., 2007; Chaetret al., 2008; Rasheed et al., 2016; Jamil et al.,; 2044lth
Canada201%, 2019d, 2019eThedoserequirements for UV inactivation of these organisms
aresimilarly comparable to those f&: coliand enteric protozeand less than those needed for
many enteric viruse§Sommer et al., 200&immer and Slawson, 2003meetst al, 2006;
Hayes et al., 200&immerThomas et al., 200Hijnenet al, 2011 Health Canada, 2019c,
20199

General operational and maintenance practises for the controtmfaal growth and
survival in drinking water distribution and plumbing systems are outlined in Part A
(LeChevallier and Au, 2004; Friedman et al., 20THese are necessdoymanagebiofilms
which can provide a habitat for the survival of fecal pathsdleat may have passed through
drinking water treatment barriers or entered the distribution system directly via an integrity
breach (Leclerc, 2003).
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For residentiakcale systems amtivatewells, regular physical inspectida identify
deficienciesandtesting of the water system (e.fpr E. coliand total coliforms) to confirm the
microbiological quality of the wateare importantGeneral guidance on well construction,
maintenance, protection and testing is typically available from provincial/tatijarisdictions.

Well owners can also consult tBe Well Awareseries for information (Health Canad@12a).

Where treatment is necessary, Health Canada recommends that consumers use devices certified
by an accredited certification body as meetingapgeropriate NSF International

(NSF)/American National Standards Institute (ANSI) drinking water treatment unit standards
(NSF/ANSI, 2018, 20193 2019b). Certification organizations provide assurance that a product
conforms to applicable standards and niesiccredited by the Standards Council of Canada
(SCC). An upto-date list of accredited certification organizations can be obtained from the SCC
(2020).

B.1.8 International considerations

No drinking water guidelinefor the enteric bacterial pathogedampylobactespp.,
enteric pathogenikE. col/Shigellaspp, Helicobacter pylorj Salmonellaspp.andYersiniaspp.
have been established by the WHO, the EUlUSe&EPAor the Australian National Health and
Medical Research Counciimilar toHealth Canad guidance document, the WHO and
Australian drinking water guidelines contain fact sheets that provide information on waterborne
pathogens of concern.

B.2 Naturally -occurring pathogens

B.2.1 Bacteria
B.2.1.1 Aeromonasspp.

B.2.11.1Description

Thebaderial genusAeromonagClass: Gammaproteobacteria) has a complex taxonomy
Around 30 species have been associated with the genus and potential new species continue to be
described, although not all have been universally accepted (Janda and Abbottep€ivat &d
Williams, 2014; LPSN, 203). The difficulties withAeromonasdentification arises from the
lack of clearcut phenotypic characteristics and the absence of a consistent typing scheme for
distinguishing specied\s a result, the use of biochasal and molecular methodsrequired for
an accurate classificatio@linically relevantAeromonaspp. are opportunistic pathogehat
have been linked to a variety of intestinal and ekittestinal diseases and syndromes (Janda and
Abbott, 2010, Liu2015).Fourteen species have been implicated in human illness, however most
human infections (85%) are causedsirains offour speciesA. hydrophilg A. caviae A.
veronii (biotype sobria) and. trota(Percival and Williams, 2084 Liu, 2015; Bhowmickand
Battacharjee, 2018).

Aeromonads are Grammegative, facultatively anaerobic, reporeforming rodshaped
bacteria (Janda and Abbott, 2010; Percival and Williams, &0%#ainsassociated with human
infections growoptimaly attemperatures @5-37°C, althoughmanystrainscan growin 4-42°C
(Janda and Abbott, 2010; Percival and Williams, 2014, 2015)
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B.2.1.1.2Health &fects

Gastroenteritis is the most commonly encountered disease associatdémitionas
infection (Janda and Abbott, 201&prms of the disease range from a watery enteritis
accompanied by lowgrade fever, vomiting and abdominal pain (most common) to a dysenteric
form involving bloody stools (rare), to a choldiiee illness (very rare) (Janda and Abbott, 2010,
Liu, 2015) Aeromonass pp. are an infrequent cause of trawv
associated with a subacute or chronic intestinal infection (Janda and Abbott, 2010, Liu, 2015).

The time between infection and symptom onset is one to two dagerfomonas
asasociated traveller’s diarrhea (Janda and AbD
as those lastinfjom two weeks to two months, whereas chronic cases persist for longer periods
(Janda and Abbot, 2010). Complications that have been assosittedore severe cases of
Aeromonagastroenteritis include ulcerative colitis, haemolytic uremic syndrome and
inflammatory bowel disease (Janda and Abbott, 2010, Liu, 20bh&)dose oAeromonaspp.
necessary to cause gastrointestinal infection igleatr. Theonly publishecthallenge study
showed that only 2/5 strains produced infection (14/57 individuals) and diarrhea (2/57
individuals) at high concentrations (ten thousand to ten billion colony forming(@fits))

(Morgan et al., 1985). Data proed from foodborne outbreaks that have been observed suggests
that the concentration required to cause infection could be orders of magnitude lower for some
Aeromonastrains (Teunis and Figueras, 2016).

Skin and soft tissue infections are the second nwatr@n forms bAeromonagelated
diseaseAeromonaspp. can be associated with a variety of infections ranging from mild
irritations (e.g. pusfilled lesions) to serious or lifthreatening infections such as cellulitis or
flesh-eating disease (Janda ahobott, 2010; Bhowmick and Battacharjee, 20¥&romonads
have also been implicated in blebdrne infections, which largely arise through the transfer of
bacteria from gastrointestinal tract or wound infecti@@mmmon features associated with these
infections are fever, jaundice, abdominal pain and septic shock (Janda and AbbotQ#6r0)
less frequent diseases linkedderomonasnfection include respiratory tract, urogenital tract
and ocular infections (Janda and Abbott, 20H)yh mortality raés have been observed with
Aeromonasepticemia and severe wound infections in highs&tindividuals (Janda and Abbot,
2010; Liu, 2015)

Aeromonasassociated diarrhea has been encountered worldwide in healthy persons
across all age groups (Janda and@th2010; Percival and Williams, 20&4reunis and
Figueras, 2016). Still, given thAeromonaspp. are widely encountered in food and water,
illness is observed in relatively few individuals who are exposed to the bacteria (Janda and
Abbott, 2010). Gasbintestinal infections are more prevalent in developing countries
(Ghenghesh et al., 2008usceptible groups include infants, young children, the elderly and
persons with lowered immune status or underlying disease such as liver disease and malignant
illnesses (Ghenghesh et al., 2008; Liu, 2015). Skin and soft tissue infections are often the result
of trauma or penetrating injury amdcurmore frequently in adults than children (Janda and
Abbot, 2010). FoAeromonasassociated bacteremia, the vast mgjaf cases are in
immunocompromised individuals (Janda and Abbot, 2048ibiotics can be prescribed in
severe cases where there is increased risk of infection spread (PercMéillamds, 2014a; Liu
et al., 2015)PHAC ha categorized drugesistantAeromonaspp. as a lovpriority for research
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andsurveillancecompared to othantimicrobialresistanpathogens (Garner et al., 2018p
human vaccines are currently availableAeromonasnfections (Liu et al.2015.
Aeromonasassociated infectits are not reportable illnesses in North America or in most
countries worldwide. Case reports and outbreaks of illness have mostly been tied to food,
hospital exposures, travel, narater environments or unknown causes (Teunis and Figueras,
2016).Infections are more frequently observed during the warmer months (Janda and Abbot,
2010; Bhowmick and Battacharjee, 2018).

B.2.1.1.3Sources and posure

Aeromonaspp. can exist in virtually evegcosystemnmiche, including aquatic habitats,

soils, vertebrate andvertebrate animal species, insects foatis(Janda and Abbot, 2010;
Percival and Williams, 208}. They are found in water and aquatic environmeais. (akes,
rivers, groundwater, seawater, potable water supplies, wastewater and sewage) inalinost t
extreme conditions of pH, temperature and salinity (Janda and Abbot, R¥r@ibers of the
genus are found in the gastrointestinal tract of-ttdeded and warrblooded animals

including fish, birds, reptiles and domestic livestod&romonaspp.can be isolated from the
feces of healthy humans as a result of consumption of food and water containing the organisms
(Percival and Williams, 20HR}. They canbe found in high concentrations in wastewater (Janda
and Abbott, 2010; Percival and William$€I2a). Aeromonads grow optimally at elevated
temperatures, thus concentrations in wateat their highest during the warmer months
(LeChevallier et al., 1982; Gavriel et al., 2008; Chauret et al., 2001; Egorov et al., 2011).

Ingestion of contaminateddd and water are considered the main routes of transmission
for Aeromonasassociated gastroenteriti3irect body contact with contaminated water is the
primary method of transmission fBeromonaspp. in waterelated skin and soft tissue
infections Cortaminated floodwaters in natural disaster settings have been identified as an
important vehicle for these types of illnes§Tempark et al., 2013Persorto-person transfer is
not considered a risk witheromonasnfections.

Aeromonadsre not commonlgetectedn the bulk water imunicipaldistribution
systemswith a disinfectant residual (Chauret et al., 2001; Egorov et al., 2Bil4 survey of 293
public water systems in the. S, Aeromonaspp. were detectdaly culture methodat 42
systems (14.3%)vith concentrations ranging from 0.2 to 880 (median 1.6) CFU per 100 mL
(Egorov et al., 2011)Groundwater is expected to have lower numbers of Aeromonads than
surface waters, but drinking water wells can become colonized by the bacteria (Borchardt et al
2003; Percival and Williams, 20&4Katz et al. 2015). Aeromonads are capable of growth and
persistence in distribution system biofilms and this can contribute to an increased recovery of the
organisms from drinking water supplies (Gavriel etZ898 Chauret et al., 2001).

The importance of drinking water agoute otransmissiorfor Aeromonagelated
gastrointestinal illness is not clearly understd®gecies oAeromonagpossessing multiple
virulence genes have been detected in drinking watg@lisgpn North America and in other
countries (Handfield et al., 1996; Kuhn et al., 1997; Sen and Rogers, 2004; Robertson et al.,
201%). Some investigations attempting to link strains recovered from drinking water supplies to
patient isolates have beensuiecessful (Havelaar et al., 1992; Borchardt et al., 2Q8gr
studies have presenteddenceof an epidemiological link betweekeromonasn clinical
samples and drinking water as a source of infeq@majanchi et al., 2010; Katz et al., 2016)
isgenerally accepted that only a subseAefomonastrains can cause gastrointestinal illness in
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humans (Teunis and Figueras, 2016). Furthermore, it is believed that infection is a complex
process involving the virulence of tAeromonastrain, its inteaction with other microbes
present in the gut (as-tofecting pathogens or as part of the natural microbiota) and the health
status of the host (Teunis and Figueras, 204§a result, th@resencef Aeromonaspp. in
drinking wateron its ownis not sifficient to signify that a health risk exists (Edberg et al., 2007).
Morework is neededo determine the specific combination of host, environment and pathogen
factors that lead to the occurrence of gastrointestinal illness associatéevathonas
infections(Teunis and Figueras, 2016)o knowndrinking water outbrea@associated with
Aeromonashave been recordddanda and Abbot, 2010; Teunis and Figueras, 2016)

B.2.1.1.4Analytical methods

Standard methodsr the detection oAeromonasn drinkingwaterare availabldUS
EPA 2001; APHA et al., 2017However there is no establishethiversallyaccepted culture
based method capable of detecting all Aeromonads in water samples (APHA et al., 2017)
Aeromonaspp. are heterotrophic bacteria and atecded byheterotrophic plate count (HPC)
tests;however no direct correlation between HPC counts Artdomonagoncentrations exists

B.2.1.1.5Treatment onsiderations

When properly designed and operated, physical remestaémicallyassisted, slow
sard, diatomaceous earth and membrane filtration or an alternative proven technataty
disinfectionmethods—chlorine, chloramines/monochloramine, chlorine dioxide, ozone and
UV— commonly used in drinking water treatment are very effective in reducingativating
Aeromonaspp.(Chauret et al., 200lWHO, 2002;US EPA 2006a;Yu et al., 2008 However,
use of granulated activated carbon (GAC) in water treatment may provide nutrient sources for
aeromonads which can contribute to their presence and survorahking waterdistribution
systens (WHO, 2002;US EPA 2006).

Aeromonasre as sensitive to chemical disinfectantg& asoliand other waterborne
bacteria Kngche| 1991; Medema et al., 1991; Sisti et al., 198810, 2002;,US EPA 200&).
TheCT requirements fornactivation ofAeromonaspp. bychemical disinfectants are less than
those required for numerous enteric viru§ése UV dose requirements are comparable to other
waterborne enteric bacterial pathogens twedenteric protozo@iardia andCryptosporidium
and are less than those needed for many enteric viiMsssa et al., 199%erba et al., 2003;

US EPA 2006 Health Canada, 2019c, 2029d

General operational and maintenance practises for managing microbial survival and
growth in drinkng water distribution and plumbing systeasoutlined in Part A are important
for the control ofAeromonaspp (Chauret et al., 200WVHO, 2002;Percival and Williams,
2014a) Control strategiesclude maintainingfree chlorineand chloramine residuagdove 0.2
mg/L and 0.4 mg/LrespectivelyGauvriel et al., 1998Chauret et al., 2001; Pablos et al., 2009)

For residentiakcale systems argdivatewells, regular physical inspectida identify
deficiencies and testing of the water system (&gE. coliand total coliforms) to confirm the
microbiological quality of the water, are importavithere problems with the microbiological
quality of the drinking water are suspected, it may be useful to include additional parameters
(e.g, HPC) in the analsis Specific guidancen construction, operation, maintenance and
testing should be obtained from the responsible drinking water authority in the affected
jurisdiction.
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B.2.1.1.6International considerations

No guideline forAeromonaspp. in drinking wadr has been established by the WHO, the
EU, theUS EPAor the Australian National Health and Medical Research Caundhe
Netherlands, Dutch drinking water legislation specifies a monitoring requiremexgrf@mmonas
as an operational parameter wittagget limit of < 1000CFU/100mL (Smeets et al., 2009)his
target isbased on treatment achievability and not on public health significance (WHO, 2002).

B.2.1.2Legionella spp.

B.2.1.2.1Description

Thebacterialgenus_egionella(Class: Gammaproteoliacia) comprises 61 species &hd
subspecies (LPSN019). Some 30 species have been known to chusaaninfection (Cuhna et
al., 2016; Buirillo et al., 2017Pathogenid.egionellaspp. are opportunistic pathogens that cause
respiratoryillnessin two man forms L e g i o n disease andsPontiaevier(Percival and
Williams, 2014e)llinesses caused lyegionellaspp. are collectively knowaslegionellosis.
Legionella pneumophilémainly serogroup 1) is the most common and virulent pathogen of the
genusyesponsible for 6®0% of all cases df ¢ g i o n disease (Eialds et al., 2002; Edelstein
and Roy, 20%; Percival and Williams2014e Prussin Il et al., 2017fections involving other
species aréar less frequent and have beweainly caused by.. micdadej L. bozmanagl..
dumoffiiandL. longbeacha€Edelstein and Roy, 281 Percival and Williams2014e Cuhna et
al., 2016)

The bacteria are Gramegative, obligately aerobic, predominantly motile, short rod
shaped cells that require specific nenits (L-cystine and iron) for growth (Percival and
Williams, 2014¢. During its life cycle Legionellacan adapt to fluctuating conditions by
differentiating intocell types thavaryin their infectivity and resistance to disinfection
(Robertson et al.,®4a; NAS, 2019).

B.2.1.2.2Health dfects

L e gi o ndiseaseisassévere respiratory illness involving pneumOther features
include fever, cough, chills, neurological aspects (confusion), muscle pain, headache and
gastrointestinal problems (dilea, nausea, vomiting) (Castillo et al., 2016, Cunha et al., 2016;
Edelstein and Roy, 20153ymptom onsegenerallyoccurs2 to 14 days after becoming infected
(NAS,20199and the disease can persist-Sfyszandwe e k s
CendowskaPinkosz, 2009)Although many individuals are exposed.gionellabacteria, few
develop illness (Castillo et al., 2016)e g i o n disease hassa’low attack rate, affectess
than1-5% of the general population aless tharl-14% of hospithpatients who are exposed to
the bacteriauring outbreak¢Hornei et al. 2007; Edelstein and Roy, 2Q15%o0ni et al., 2018
Le gi o ndiseaseismore likely to occurahder adultsor immunocompromised individuals,
however healthy individuals cacquireL ¢ g i o n disease ifehey are exposed to a high
enough concentration of the bacteria (Springston and Yocavitch, 2017). Reports of Legionnaires
disease in healthy children are extremely rare (McDonough et al., 2007, Greenberg et al., 2006).
Fadors associated with an increased susceptibilily eog i o n disease fellewing exposure
are male gender, apeginning a#0-50 years, smoking, chronic heart or lung disease, diabetes,
chronic renal failure, immunosuppression, organ transplantatibsane forms of cancer
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(Fields et al., 2002; Edelstein and Roy, 20Castillo et al., 2016; Cuhna et al., 20INAS,
2019. The case fatality rate associated Witk g i o n disease depegdn the underlying
health of the patients, how quickly therapydelivered and whether the cases are sporadic,
hospitatacquired or outbreakelated (Edelstein and Roy, 201Bjortality is estimated at less
than 1015% for community acquired cases, but can be higher than 25% for hospital acquired
cases (Benin et aR002; Howden et al., 2003; Dominguez et al., 2009; Soda et al., P84
et al., 2018

Pontiac éver is a milder, fltike, seltlimiting and norpneumonic disease associated
with exposure td.egionella The disease has mainly been diagnosed in eakisrwhere
individuals have fldike symptoms and share exposure to aerosols from a common source
(Ldttichau et al., 1998Kow Pontiac fever develops is poorly understood and why some persons
develop this disease while others devdlop g i o n diseasas not known (Fields, et al.,
2001; Edelstein, 2007k has been proposed that Pontiac fever may be due to exposure to some
combination of live and dead microorganisms (eithegionellaspecies or coexisting
microorganismeand their products (includirgndotoxins) (Edelstein, 2007). Pontiac fever has a
high attack rate, affectings high a80-90% of exposed individuatfuring outbreaks (Leoni et
al., 2018) Symptoms appear frofive hours tothreedaysafter infectionand last fotwo to
sevendays. Laxg-term complications are not observed and the disease is not fatal (Tossa et al.,
2006; Edelstein and Roy, 2013here appear to be no predisposing host factors for Pontiac
fever (Edelstein and Roy, 2015). Cases of Pontiac fever in children have betedejiring
outbreaks of the disease (Luttichau et al., 1998; Goldberg et al., 1989, Jones et al., 2003; Burnsed
et al., 2007).

Doseresponse models have been developed for a few speegfionellastrains, derived
from animal experiments (NAS, 2019)esgults of QMRA conducted to estimate the risk of
Legionellaexposure during a single showering event suggest that over a million viable cells per
litre in the bulk water may be necessary to attain a delivered infectious doc4®0faFU
(Schoen and Ashbipl2011). No expert consensus exists on whether there is a threshold for
detectabldegionellabelow which there is no risk of infection (NAS, 2019).

Legionellais the major cause of waterborne illness inwhs. (Neil and Berkleman,
2008; CDC, 2017d; Fedman et al., 2017). Larde=gionellaoutbreaks receive the most
attention given their substantial health impact. Howgveés estimated that less than 20% of all
reportedegionellosis cases are outbraakated (Fields et al., 2002; Neil and Berklem2008;
Burillo et al., 2017)Legionellosis follows a distinct seasonal pattern, with the peak number of
cases occurring during summer and fall (Prussin Il et al., 2017, Cuhna et al. |2@#&)ada,
reported rates degionellosign 20062016 (the last year for which data have been published)
were0.37-1.39 (median: 0.71) per 100,000 population (PHAC, 2019). Reported rates from the
U.S.werel.0-1.89 (median 1.18) per 100,000 population over the same period (Adams et al.,
2016, 2017). Asegionelloss is underdiagnosed and underreported, the actual number of cases is
expected to be much higher (Castillo et al., 2016; PHAC, 2018d). The yearly incidences of
legionellosis in Canada and the U.S. are on the rise (Adams et al., 2016, 2017; PHAC, 2019).
Facbrs contributing to the increases include a true increase in the number of cases, greater use of
diagnostic testing, and increased reporting (Burillo et al., 2017).

AsLegionellaare intracellular pathogernseatingL ¢ g i o n diseasaeguives the use
of antibioticagentscapalbe of reachingherapeutic concentratiswithin human cellgFields et
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al., 2002; Edelstein and Roy, 2015, Castillo et al., 2Bi&on et al., 2018 No human vaccine

for the disease exists (Edelstein and Roy, 2015). Mostithdils with Pontiadever do not

become ill enough to seek medical attention, and antibiotic treatment is generally not required
(Edelstein and Roy, 2015, Castillo et al., 20I8&nds in atibiotic resistancén Legionellaspp.
arenot well understoo@Wilson et al., 2018)Data on resistance of clinical isolates to antibiotics
is not well documented due to the absence ofyepsrfornedtests(Wilson et al., 2018)

B.2.1.2.3Sources and xposure

Legionellahas two habitats-a primary reservoir in the haal environment and a
secondary habitat in engineemgdter systems (NAS, 2019}urrent understanding is that the
primary environment fokegionellagrowth in these habitats is within fré@ing protozoa that
reside within biofilms Devos et al., 200AS, 2019).Legionellabacteriaarenaturally
encounteredvorldwide in freshwateand soilenvironments includingakes, rivers, sediments
and groundwater (Fields et al., 2002; Percival and Willi&04e Burillo et al., 2017NAS,
2019. Human and anial feces are not considered a sourceegfionellg although the organism
can be detected in the feces of infected individuals experiencing diarrhea syn#Amomeds
can be infected blyegionellg but zoonotic transmission of the organism has not been
doamented (Surmahee et al., 2007; Edelstein and Roy, 201

Legionellaparasitize and multiply inside numerous species of freshwater pro@mgoa (
amoebae and ciliates) that are found in biofilms in natural waters and engineered water systems,
including Acanthamoebdsee B.3.2.1)Hartmanellg Naegleria(see B.3.2.2)Yalkampfia
Vermamoebdformerly Hartmanellg, EchinamoebandTetrahymendFields et al., 2002;au
and Ashbolt, 2009Buse et al., 201ZRercival and Williams, 2014&IAS, 2019. Survival wthin
these protozoa providessaurce of nutrients, grotective environment against disinfectants and
other adverse conditiorfsuch as elevated temperatyrasd a means of transp@fRercival and
Williams, 2014eBuse et al., 2012AS, 2019. Legionela are also capable of persisting in
biofilms in the absence of host protozoa (NAS, 2019).

With the right conditions inregineered environmentsegionellamaygrow toreach high
concentrationsEngineered environmenigdentifiedasreservoirs foilLegionela includelarge
complex premise plumbing systeffssich as those found in hospitals, hotels, apartment
buildings, community centres, industrial buildings and cruise shipsling towersor
evaporative condensersbuildings and industryand drinking weer distribution systems
Legionellahas a wateto-air transmissiontherefore, sites these systemwsith both biofilm
growth and the potential to generate aeroamsmnost commonly implicated as the source of
exposurgNAS, 2019) These includeomporents of heating, ventilation and air conditioning
(HVAC) systems such aoling towers/air condensing unigumbing devicesd.g.,
showerheads, faucet§ipt tubs/spdgcuzzis andhumidifiersandnebulizersOther water
systems that produce aerosateni stored or stagnating warm water sources have been sources
of Legionellaexposure, including car washes, decorative fountains and supermarket produce
misters (NAS, 2019).

Legionellagrows at temperatures between 25 and 45°C (optimusB525), therefore
water supplies with temperatures in this range support the highest levels of growth of this
organism (NAS, 2019). They are also thermotolerant, capable of surviving at temperatures
between 55 and 70°C (Allegra et al., 2008; Cern/tagod, 2015; 2019)Suwival of Legionella
in protozoan cysts following exposure to 80°C has been demonstrated (NAS \2QhB).
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plumbingsystemsthe hot water supply system is commonly identified as the origin of
LegionellacontaminationBesides having more favourable temgiares forLegionellagrowth,
hot water systems typically have lower disinfectant residual concentrations than cold water
systemsCold water supplies held at temperatures above 2afCalsdhavean increased risk of
Legionellacolonization(Donohue etla 2014; Schwake et al. 2016)

Data on the detection akgionellaspp.in thedistribution systemsf drinking water
utilities in North America isparseStudieshavereportedhe detection oEegionellaspp.andL.
pneumophileoy PCRin 57-83% and €14% of water samples, respectivély/ang et al., 2012a;
Lu et al., 2015a).u et al.,(2015b)detected.. pneumophildby PCRin 38% (7/18) of municipal
drinking water storage tank sediments frimeationsacross thé&J).S. The methods used in these
studies a& not capable of distinguishing between living and dead organisms. The body of
evidence including data from international jurisdictions suggests tipaeumophilacan be
detectedat various ratem distribution system samples (e.\yater, biofilns, loose deposits)
from drinking water utilitiefWullings et al., 2011; Wang et al., 2012a; Whiley et al., 2014, Lu
et al., 2015a; 2015biigher rates ofletection ol_egionellaandL. pneumophilacan be
encountered igooling towers anthrge building plumbig systemgStout et al., 2007, Christina
et al., 2014Llewellyn et al., 201} Stout et al(2007)reportedthatLegionella pneumophilvas
detected in plumbing systems7&t% (14/20) ohospitals tested_lewellyn et al. (2017) detected
Legionellaspp.by PCR in 84 % (164/196) of cooling tower samples collected from various
regions across thg.S. L. pneumophilavas detected by culture methods in 32% (53/164) of the
PCRpositive samples (Llewellyn et al., 201Based on the analysis of available datarfr
Legionellaoccurrence studies, the National Academies of Scighv&S) Committee on
Management of egionellain Water Systems propose that a concentration of 3 CEU/L be
considered as an action leviely water samples in engineered water systeNdsS, 2019. This
action level reflecta concentration high enough to warrant concern and serve as a trigger for
remedial actioffNAS, 2019) A lower action levemay be necessary to protaatividualsat
higher risk for legionellosis such as hospitdigrats(NAS, 2019).

Relatively little is known about the environmental sourcesooimunityacquired
sporadic casesf legionellosis Domestic household water systemay bea potential source of
Legionella(Collins et al., 201,/Mathys et al., 2008In various studies conducted in the U.S.
and Europe, clinicallyelevantLegionellawere foundusing culture methodst distal outlets
(e.g, faucets, showerheads) of domestic hot water systepdied by hot water storage tarakts
6-21% of the households thaere sampledAlary and Joly 1991;Stout et al., 1992; Bates et al.,
2000;Mathys et al., 2008Dilger et al., 2016; Collins et al., 201 Btudies haveeported on the
greatemprevalence oLegionellaspp. in samples fromot water systems supplied thermally
stratified (i.e, electricallyheated) water heateasid on heabsencef Legionellaspp.in hot
water systemsupplied by gas avil-heatedvater heatersupplyingtemperatures greater than
60°Cat the water outlet or distal sitéslary and Jby, 1991, Mathys et al., 2008 he
importanceof domestic water systenas a source dfegionellainfection for susceptible
individualsis not clear (Bates et al., 2000; Prussin Il et al., 2QhQeneral, the risk of
acquiring Legionnairégdisease frmm exposure to the bacterium in residential water systems is
considered to be lowtowever,some individuals, because of their low health status, are at
greater risk Mathys et al., 2008russin Il et al., 2017).
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Transmission oEegionellaoccurs mainlytrough inhalation oerosols (size-20 pm)
containing the bacteria (Percival and Williar38,14e; Castillo et al., 2016)Consumption of
drinking water is not a recognized routeLefyionellatransmission (Percival and Williams,
2014e; Prussin Il et aR017). It is hypothesized thatenoaspiratiorthat occurs during
drinking, or is associated with certain clinical conditions or proceduses potential source of
exposure (NAS, 2019). Inoculation gdirgical woundss anothedlesscommon route of infetion
(Cuhna et al., 2016; Burillo et al., 2017). Persmperson transmission generally does not occur
(Percival and Williams2014e; Edelstein and Roy, 26), but one probable case has been
reported (Correia et al., 2016).

Precipitation and high humiti have been positively associated with the occurrence of
disease (Fisman et a2005 Beauté et al., 2016). The report of a commuaggociated outbreak
of Le g i o n aisease ire Galgary in November and December of 2012 suggests that
Legionellatransmssioncan occuduring the late fall and winter months in North America
(Knox et al.,2017. Climatechange and its associated temperature increas®gbe a factor in
contributing toconditionswhich facilitateLegionellagrowth (Cuhna and Cuhna, ZQ1
Macintyre et al., 2018).

Notableoutbreak®of L ¢ g i o n disease ire North America include Brooklynewm
York (2015: 138 cases, 16 deaths); Genessee Couitligdn(2014/2015: 87 cases, 12
deahs), Quebec City, Queb¢2012: 182 cases, 13 deaths) andrBorough, @tario (2005: 112
cases, 23 deaths) (Gilmour et al., 2007, Levesque et al., 2014, MDHHS, 2016, Weiss et al.,
2017).

B.2.1.2.4Analytical methods

Detection ofLegionellabacteria is technically difficult and requires specialized
laboratory fadities. Standard methods for the detectioegionellain drinking waterare
available(APHA et al., 2017; ISQ019. Other methods may be approved for use in other
jurisdictions(CEAEQ, 2019)The literature can also be consulted for details on spesdtbods
(Mercante and Winchell, 2018Yang et al., 201, 7Petricek and Hall, 20)}8Standardsand
approvedcodes ofpractise that have been developed for the contrbegfonellain building
water systems recommend s#gecific risk assessments be usethtorm decisions on the
needs foenvironmental monitoringt individual facilities (HSE 2013 PWGSC,2016) In
generalmonitoring programsonsist ofroutine monitoring of general microbiological quality
as an indication of system contrml conjundion with testing forLegionellaat regulatime
intervals usinga combination of culturbased and PCRiethods (HSE 20E32013b;2019;
PWGSC 2016) For epidemiological investigations, sequebesed typing methods are the
current goldstandard focompaing environmental and patient isolated efgionella(Gaia et al.,
2005;Mercante and Winchell, 2015; APHA et al., 2017).

B.2.1.2.5Treatmentconsiderations

When properly designed and operated, physical removal techneleghesnically
assisted, slow sandiatomaceous earth and membrane filtration or an alternative proven
technology—will reduce the number dfegionellapresent in drinking watetJS EPA1989a,
2006b;Hijnen and Medema, 2010jhe CT valuegor inactivation ofLegionella pneumophila
by chloine, chloramine$monochloraming chlorine dioxide andzone are greater than those
required forGiardia, butareless tharor equal tahose required fo€ryptosporidium(Jacangelo
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et al., 2002Health Canada, 2019Research data indicatdstdoserequirements for UV are
greater than those needed @iardia andCryptosporidium but are less than those needed for
many enteric viruses (Hijnest al, 2011 Health Canada, 2019c, 20)98roviding effective

control offreeliving protozoain drinking waer (e.g, AcanthamoebaNaegleria— see B.3.2is

also necessary for reducihggionellapopulationgLoret and Grab, 2010 Thomas and

Ashbolt, 2011 NAS, 2019. The general operational and maintenance practises for managing
microbial survival and growth drinking water distribution and plumbing systems outlined in

Part A are important for the control bégionellaspp. (Falkinham et al., 2015®)ata from

laboratory studies suggest that a free chlorine concentration of greater than 0.5 mg/L is required
for inactivationof Legionellain bulk waterand that higher concentrations (greater than 2 mg/L)
are necessary for effective disinfectionLefjionellapresent within biofilms or freving
amoebaeNliyamoto et al., 2000Storey et al., 2004; Cooper aHanlon, 2010; Dupuy et al.,
2011).There is gidence that monochloramine provides better contralegionellain building

water systems compared to free chlorine (Pryor et al., 2004; Flannery et al., 2006; Weintraub et
al., 2008; NAS, 2019)

The 201420150utbreaks of. ¢ g i o n disease ireGenesee County, Michigan which
coincided with the Flintvater crisisprovide an example of the unintentional consequences that
can accompanghanges in drinking water systemseratiors. A shift in the source watersed
by the Flint Water Treatment Plant to the more corrosive Flint River combined with the lack of
corrosion control resulted in conditions (unstable chlorine residual, elevated temperatures,
increased iron) conducive teegionellagrowth in drinking watesystems (Masten et al., 2016)

Many resources are availaigich addressneasure$or reducing theisk of exposure to
Legionellain building water system3he National Building Code of Cana(™RCC, 2015a)
and the National Plumbing Code of Canada (NPMNRRCC 2015b) set out standards and
technical provisions for the design and installation of HVAC systems and plumbing systems in
buildings, respectivelyBoth contain provisions dealing wittegionellain building systemsThe
American National Standardisstitutd American Society of Heating, Refrigerating, and-Air
Conditioning EngineerANSI/ASHRAE) Standard 188 (ASHRAE, 2018) establishes minimum
Legionellarisk management requirements for building water systems intended for use by those
involved in deggn, construction, installation, commissioning, operation, maintenance and service
of centralized building water systems and compon@&uglance documents recommend the use
of water management/water safety plans for the managemieegiohellain buildingwater
systemsHealthcare and lontgerm care facilities and buildings with cooling towers are identified
as buildings with a particular need for water management programs to reduce the risk of
Legionellagrowth and spread (WHO, 2007, HSE 2013a, CDC, 20Plblications tassist
building managers developingvater management/water safptgnsare availabléWHO,
2007,2011;HSE, 2013a, 201312013c;PWGSC, 2016CDC, 2013, ASHRAE, 2018. In
general,he NAS Committee on Management bégionellain Water Systemsecommends
requirements for water management plans in all public buildings and establishing cooling tower
registries as two policy initiatives that can improve public health protection from exposure to
Legionella(NAS, 2019)

The Province of Queec enacted building safety legislation in 2013 which included
regulations for the maintenance and operation of cooling towers (Government of Quebec, 2020).
The regulations outline the requirements for owners that include registering their system with the
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regulator, implementing a water management plan and conducting regular testiegiémella
pneumophilaThe cities of Hamilton and Vancouver have put similar requirements for cooling
towers, evaporative condensers or decorative water features intoytlagis (City of Hamilton,
2019; City of Vancouver, 2020).

For plumbing systemseginperature management, jtbe use of control measwi® keep
t he hot and cold water systems43%yisa i de the or
fundamental aspect oflaegionellacontrol strategy (Bédard et al., 2@ 8oppe et al., 2016;

NAS, 2019)Maintaining a minimum hot water tank temperature of 6&°& key threshold for
reducing positive detection @egionellain buildings(WHO, 2011;HSE, 2013bNRCC 2015b,

NAS, 2019).The NPC specifies that storing hot water at temperatures below 60°C in hot water
tanks and delivery systems may lead to growthegfionellabacteria. Thé&NPCfurtherspecifies

that electric storaggype water heatershouldbe pre-set toa tempeaiture of 60°C as a result of

the temperature stratification that can occur with this type of heater. Temperature stratification is
not a concern for other types of water heaters with different designs that use different fuels
(NRCC, 2015b).Adjusting tempeature regimes to achieve temperature greater than&5s°C

distal points in the system has also been recommended as an effective measure for reducing
Legionellacolonization WHO, 2011;HSE, 2013bNAS, 2019).The hot water temperatures
required to preveritegionellagrowth are associated with a higher scalding risk (NRCC 2015b,
NAS, 2019) Applications of temperature management strategies should operate in accordance
with regulations in place regarding maximum allowable temperatures at tid&pNPC

speifies that water valves supplying showerheads and bathtubs should be capable of maintaining
a water outlet temperature that does not exceed 49°C in order to reduce the risk of scalding
(NRCC, 2015b)Temporarily elevatinghe water temperature, or heatosk (€.g, astringent

thermal shock of 70°C for 30 minutes) has been utilized as a control meebuiiding
systemsHowever the efficacy of this procedure is controverssadd it isconsidered an extreme
remediation measure (NAS, 201%he use of p-site disinfection technologies is also

considered an integral part of.agionellacontrol strategy in large building water systems
(Bartram et al., 200)S EPA 2016; NAS, 2019)Variousdisinfection technologie@ree

chlorine, monochloramine, chlogrdioxide, coppesilver ionization, UV light, ozongoint-of-

use (POUYoint-of-entry (POE) filtration technologigbave demonstrated some level of
effectiveness againkegionella(Bentham et al., 2007, Exner et al., 2008 EPA 2016;

Springston an®ocavitch, 2017, NAS, 2019%uidance for building plumbing systems

recommend maintaining a residual concentration of 0.2 mg/L or greater for free chlorine and a
minimumof 1.5 mg/L for monochloramine (Moore and Shelton, 2004; WHO, 2007; HSE, 2014).
Applying any supplemental control strategy requires a detailed understanding of the complexity
of the system and the composition of the water and system matBadisa(n et al.2007;US

EPA, 2016 NAS, 2019.

For homeownergecommendations for the contrdllcegionellain householglumbing
systems involve maintainirggminimumhot watertanktemperaturef 60°C, consistent with
NPCspecificationfNRCC 2015bWHO, 2017;NAS, 2019. Educating immunocompromised
individuals on theotentialrisksfrom in-homedeviceshatcreae aerosolsand maysupport
Legionellagrowth (e.g. humidifiers, nebulizers) is a useftdmponent of_egionellarisk
managemenh the homgNAS, 2019).
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The increasinglemandor conservation of energy, water and matewais have
unplanned impacts on microbiological risk his is important foL.egionellain particular but
also has relevance for othgpportunistigpathogenshat can be problematic in premise
plumbing Changeso water systemsperations or features that involve the asalternative
water sources (e.,geclaimed waterharvested rainwatgrincreasd water age, reducelows
and changes tavatertemperatures hot and cold building systencan have thenintended
consequenced increasing th@otentialfor growth ofthese pathoger(®édard et al., 2016;
Rhoads et al., 2018JAS, 2019) There is a need for more research into engineering options that
harmonize conservation efforts and the control of microbiological rigkedds et al., 2016;
NAS, 2019).

B.2.1.2.6International Considerations

No drinking water guideline fdregionellahas been established by the WHO, the EU,
theUS EPAor the Australian National Health and Medical Research Caubgitlielines or
standards that have been developed.&mionellaspp.in Canada and thd.S.and other
countries worldwide relate to control of the organism in building water systems outside of
municipal distribution system networks.

B.2.1.3Mycobacteriumspp.

B.2.1.3.1Description

The genusMycobacteriun(Class: Actinobacteal) contains over 200 recognized species.
Bacteriabelonging to this genus are diverse in their ability to cause disease in humans. Some are
strict pathogens, whereas others cause opportunistic infections or grathogenic
Tuberculosis and leprosy amo illnessecaused bylycobacteriunmspecies; however, these
particularspecies are not relevant to drinking waidre mycobacteriaf concern fordrinking
water providers are the species collectively referred to as thtubherculousnycobacteria
(NTM).

NTM are a groupf over 150 distinct species that are considered to be opportunistic
humanpathogengFalkinham, 2018, b). Members of thé/l. aviumcomplex—which includes
M. aviumand its subspecidd. intracellulareandM. chimaera—are the organisms mios
frequently associated with human illne@her medicallyrelevant species includéd. abscessys
M. chelonagM. fortuitum M. gordonaeM. kansasiiM. malmoensandM. xenopi(Nichols et
al., 2004; Hoefsloot et al., 2013; Falkinham, 2616

Mycobacteia are Gramnegative, aerobic to microaerophilic, aomtile, nonspore
forming rodshaped bacteria. Species are categorized as either rapid growers or slow growers
based on the time required to produce colonies on growth media (Cangelox@24!

Fakinham et al., 201%. Most of thepathogenic mycobacteria are slgmowers (Cangelosi et
al., 2004).Mycobacteria can grow at temperatuoé20-45°C (Cangelosi et al., 2004; Kaur,
2014).0Optimal growth temperatures for individual species vary withirrdinge of 3845°C(De
Groote 2004 Stinear et al., 2004The bacteria are relatively he@sistant, capable of surviving
at temperatures greater than 50°C (Sch&labbecke and Buchholtz, 1992; Falkinham, 2016a)
Mycobacteria can utilize many substanasshutrient sources and are able survive on very
simple substrates (Kaur, 2014)Jl mycobacteria possess a thick and lipich cell wallthat
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makes the organisms relatively impermeable to hydrophilic compothisprovides the
bacteria with increase@sistance to acid/alkaline conditions, disinfectants and antibiotics.

B.2.1.3.2Health dfects

NTM species cause a number of different diseases in humans including pulmonary
infections, cervical lymphadenitis (i,énfection of the lymph nodes of the n¢a@and infections
of skin and soft tissues, the bloodstream and the gastrointestinal tract. NTM rarely cause disease
in healthy humangnfections occur largely in individuals who have weakened or suppressed
immune status or persons with underlying respisatonditions.

Pulmonary disease is the most common form of Na8dociated illnes§eatures include
persistent cough, weakness and night swééis attack rate and time to onset of symptoms are
not known Infection can be difficult to diagnose from geslerespiratory illness andagients
may have a long history of symptoms (engonths to years) before a diagnosis of mycobacterial
disease is made (Falkinham et al., 2)1&roups having increased risk for NFpilmonary
infection include older mewith a history of smoking, alcoholism or lung damage from
occupatiomal exposure to dustslder slender, taller women lacking any notable risk fagtord
persons with chronic disease conditions that affect the lungsdistc fibrosis, lung cancer,
chront obstructive pulmonary diseas&p(kinham, 2018, Adjemian et al., 2018).

Cervical lymphadenitis caused by NTM is marked by swollen lymph nodes in the head or
neck, with the majority of cases being observed in children ranging in age from 18 mdnths to
years (Falkinham, 20t% In immunodeficient individualdNTM infections can spread to other
parts of the body including joints, the liver and the bridiiM-associated bacteremia is a
common and lifehreatening infection in individuaisith human immunoeficiency virus(HIV)
or acquiredmmunodeficiencysyndrome AIDS) (Falkinham, 2018). Skin and soft tissue
infections caused by NTM range from localized skin lesions or nodules to widespread ulcerative
or necrotizing disease (Percival and Williams, Zp1Bhe NTM membeM. aviumsubspecies
paratuberculosisis hypothesized to be acausebf o hn’ s di seasafan t hough
association isnconclusive(Waddell et al.2015;2016. Risk factors for nopulmonary NTM
diseases typically include other corhidities that result in a compromised immune system, such
as underlying immunological disorders and HIV infection

The infective doses for NTM species are not kng8tout et al., 2016; Hamilton et al.,

2017; Adjemian et al., 2018)lortality rates assoated with cases of NTM illness are not well
understood (Adjemian et al., 2018). In the&S, the overall mortality burden associated with
NTM disease has been estimated at 2.3 deaths per 1,000,000 person years (Vinnard et al., 2016).

The prevalence oflness associated with ndgaberculous mycobacteria in Canada is not
known as cases of iliness are not reportable. In Ontario, the annual rate of NTM disease was
estimatecht9.7-10.7 cases per 100,000 populatinr20062010 (Marras et al., 2013). NT-M
associated infections are a reportable condition in only a small number of U.S. states (Donohue
and Wymer, 2016; Adjemian et al., 2018). The average annual rate of NTM cases across five
states reporting illness (Maryland, Mississippi, Missouri, Ohio, and®ign)were8.7-13.9
cases per 100,000 populatior20082013 (Donohue and Wymer, 2018)ata suggests the
prevalence of NTM disease is continually increasing in North America and worldwide (Donohue
and Wymer, 2016; Stout et al., 2016, Adjemian et 8182. Data omon-pulmonary NTM
disease is comparatively more limited. Estimates of the incidence gfuloonary disease in
the U.Saarel.51.9 cases per 100,000 population (Henkle et al., 2017, Adjemian et al., 2018).
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Little informationis availableonthe impacts of seasoralr climaterelated factors on infections
(Falkinham, 2004; Adjemian et al., 2018).

NTM are resistant to many commonly used antibioficeatment typically requires a
combination of antimicrobial antibiotics including clarithrormyaarithromycin, rifampin and
others (Percival and Williams, 20l 4alkinham, 201§ Halstrom et al., 2015).

B.2.1.3.3Sources and ¢posure

Nontuberculous mycobacteria are foundhe environment iisoil andin water habitats
such asnarine waters, lads, rivers, streams, groundwater and swaigqs, in particular,
acidic, peatich soils are the primary reservoir (Falkinhag016b. Wastewater and sewage
sludge can contain high numbers of these organisms (Radetadk 2011; Percival and
Williams, 2014). Important habitats fONTM are engineered water distribution systems
(drinking water distribution and plumbing systems) and downstream facilities orugiter
devices that provide nutrient, temperature and disinfection protextiatitions thaallow the
bacteria to increase to high numbe&karacteristics anycobacterighat make them ideally
suited to life in these environments include the ability to grow under low nutrient and oxygen
conditions, disinfectant resistance, thermal tolerandesarvival and growth in biofilms and
free-living protozoa(Falkinham, 2015aPathogenic cobacteria have a watair transmission,
similar toLegionellaspp (Percival and Williams, 2014f; Falkinham 2@)5T herefore, water
using features or devicesatigenerate aerosols present a potential source for human exposure
through inhalatiorfFalkinham, 201§ 2016b) NTM have been isolated from many water
systems and featurgacluding hospital and residential plumbing systems (hot and cold water
systems)faucets, showerheads, hot tubs/spas, ice machines, heated nebulizers and swimming
pools (Percival and Williams, 20f;ANichols et al., 2004).

Inhalation of aerosols containing mycobacteria is the primary route of transmission of
NTM-associated pulmonarysiase (Percival and Williams, 21; Falkinham, 201& Halstrom
et al., 2015)Contact with or ingestion of contaminated water are also recognized routes of
infection for other waterelatedNTM-associated diseases (Percival and William4£0
Falkinham,201%; Falkinhamet al.,2015). While nontuberculous mycobacteria are primarily
acquired from environmentalgontaminated sources, it has been proposed that indirect person
to-person transfer (i.evia contaminated objects) may be a relevant routeaosmission for
persons with cystic fibrosis (Bryant et al., 2013; Bryant et al., 2016, Sood and ParrishM2017).
avium ssp. paratuberculodmas &ecatoral route oftransmissionn cattle; howeverthe
pathogenic role of this organism in human diseasd potential sources of infection are topics of
significantdebate (Harris and Barrletta, 2001; Waddell et al., 2016)

Groundwategenerally contaislower numbers ofiontuberculousnycobacteria than
surface watersHalkinham 201%). However, the ocauence anadoncentrationsf the
organisms in municipal distribution systems using groundwater or surface water can be similar
(Covert et al., 1999; Lu et al., 209)5 Studies of the presence of atutberculous mycobacteria
in water samples fromhlorinated orand chloramiateddistribution systemdetectedrganisms
at 40100% of sampling sites using PCR methods (Wang et al. 220hamson et al., 2013;
Whiley et al., 2014; Lu et al., 2015a).

Non-tuberculous micobacteriarefrequently detected in biofit and tap water samples
from household plumbing fed by municipal drinking water systems (Feazel et al., 2009; Holinger
et al., 2014). Premise plumbing can harbour higher mycobacterial populations in the bulk water
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and biofilms tharare foundn the main weer distribution system (Hilborn et al., 200Bata
suggests the organisms are less abundant in homes receiving water from private wells (Gebert et
al., 2018) Studiesof homes supplied by municipal wateportedMycobacteriunspp.andM.
aviumdetectedn 70%-85%and7-57% of biofilm samplescollectedfrom taps and showerheads,
respectivelyFeazel et al., 200%Vang et al., 2012a; Lande et al., 2DHigher rates ohon
tuberculousmycobacteria contamination are found in buildings with recirculatingvater
systems (e.ghospitals, condominiums, apartment buildings) compared to private residences
(Falkinham, 2015; Li et al., 2017).
A wide diversity ofnontuberculos mycobacteriaan be isolated from drinking water
suppliesHowever, the clinicalignificance of individual species varies and can differ in
different parts of the worldEstablishing epidemiological links to environmental reserisirs
difficult, and few studies have been successful in matching patient isolates with strains found in
drinking water (Halstrom et al., 2015; Li et al., 2017@nde et al. (2019) usedlvanced
molecular technique® match strains d¥l. aviumfrom respiratory and household plumbing
samples from patients witHl. aviumpulmonary disease, providing strong evide that
household plumbing can be a source of infection for susceptible indivititids are ubiquitous
in the environment and the risks of human infection are determined by the interaction of several
environmental microbial and host factors (Halstroralgt2015). Current science indicates that
the presence afonrtuberculousnycobacterian domestic water systems does not in itself prove
that residents are at particular risk for disease (Halstrom et al., 2015; Adjemian et al., 2018).
Outbreaks of NTMassociated disease in North America have been largely associated
with recreational water and health casgosuresHlavsa et al., 2018; Sood and Parrizdl7).
No drinking wateroutbreaks of disease have been reported in Canadal@rSHEDC, 201X
2015 2014).

B.2.1.3.4Analytical methods

Methods for isolation and cultideased detectioaf Mycobacteriunspp.in drinking
waterhave been describeldpwever there is presently no standardized approach to testing
(APHA et al., 2017)lIsolates can be iddfied to the genus and species level using PCR or
DNA-sequencing methods (Stinear et al., 2004; FalkinRaitq. Identification to the
subspecies or strain level requires more advanced molecular techniques (Stinear et al., 2004;
Falkinham,20159. The literature can be consulted for details on specific met{®tdsear et al.,
2004;Wang et al., 2017)

B.2.1.3.5Treatment considerations

When properly designed and operated, physical removal techneledfiesnically
assisted, slow sand, diatomaceous eardnaambrane filtration or an alternative proven
technology—are capable of reducing the number of mycobacteria in drinking water
(LeChevallieret al, 2001;Le Dantec et al., 2002.eChevallier, 2004 However, pecific
features ofnycobacteriauch as hydnghobicity and surface charge affect treatment processes in
different ways (LeChevallier, 2004; Wong and Shin, 20D4ie totheir highly hydrophobic cell
wall, mycobacteria have an increased tendency to attach to particles (LeChevallier, 2004)
Correlatiors between turbidity removal and removal of mycobacteria have been demonstrated
(Falkinham et al., 2001; Wong and Shin, 20I4)e use of5AC filters can provide conditions
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(accumulated nutrients, neutralized disinfectant residuals) which support the gfowth
mycobacterial(e Dantec et al., 2002,eChevallier, 2004)

Mycobacteria are very resistant to commonly used chemical disinfedtaotder to
inactivae nonrtuberculous mcobacteira speciegincludingMycobacterium aviupn(Taylor et
al., 2000; Jacarado et al., 2002Le Dantec et al., 2002):

e theCT valuesfor chlorinemaybe greater than thoseededor Giardia, but are less than
for Cryptosporidiumand

e the CTvaluesfor chloramines (monochloramine) chlorine dioxide and ozone are less
than thoseequired for bottGiardia andCryptosporidium

Individual species and strains show significant variations in disinfectant sensitivity
(Taylor et al., 2000; WHO, 2@}; andreportedCT values diffemmonginvestigator{WHO,
2004). Jacangelo et al. (2008pserved thaheinactivation ofMycobacterium fortuitum
requiredCT values for ozone equal to or greater ttiese required fo€Cryptosporidium

The UV doserequiredto inactivateMycobacteriumaviumcomplex organismean be
greater than those needed @&iardia andCryptosporidiumand comparable to #érequired for
some enteric viruse#t has been reportetat theinactivation of someatrains ofM. avium and
M. fortuitumrequire UV dosescomparable to thosequiredfor adenovirugGerba etal., 20(3;
Schiavano et al., 2018).

Even with effective treatment and disinfection in plam@}tuberculousnycobacteria
have a strong tolerance for disinfection and can pass into distribution and plumbing systems in
low numbersFull-scale tudies suggest thétee chlorine is more successful than
monochloramine as a secondary disinfectant for controlling mycobacteria colonization in
building plumbing systems (Pryor et al., 2004; Wang et al., @ RRoads et al., 2017)
Monochloraminanay providebetter controln biofilms on certain pipe materials such as
corroded iron surfaces (Norton et al., 2004).

The general operational and maintenance practises for managing microbial survival and
growth in drinking water distribution and plumbing systems outlined in PareAmportant for
the control oMMycobacteriunspp. Ealkinhamet al.,2015a,201%). Guidance documents
recommend the use wfater managementater safety planfor the management of
mycobacteria in building water systeifWHO, 2007) Resources are avable to provide
information for building managers (WHQ007;2011).1n health care facilitiescontrol of
mycobacteria will be achieved in part through management plans designed to reduce risk from
Legionella(Ford et al., 2004 Xowever, it should be regnized that mycobacteria and
Legionellahavediffering sensitivity to drinking water disinfectants (Jacangelo et al., 2002, Pryor
et al., 2004; Moore et al., 2006

Supplemental strategies described for control in hospital and health care facilities have
included superheat and flush disinfection with hot water to temperatures abd0&®dhe use
of various disinfection strategies (free chlorine hyperchlorination, chlorine dioxide) and the use
of POU membrane filtration technologies (LeChevallier, 2@®hakova et al., 2008; Williams
et al., 2011; Hsu et al., 201@&)dditional actions recommended as part of a water safety plan
include regular cleaning and maintenance of water features and water using devices that generate
aerosols (faucets, showerhedus, tubs/spas, cooling towers) (Ford et al., 2004).
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For homeowners, aintaining hot water tank temperatwansistent witiNPC
specificationdor the control olLegionella(i.e., minimum of60°C) (NRCC 2015bhas been
recommended as part of a generaltsigy for minimizing the risks of exposure to opportunistic
premise plumbing pathogens in the hoWaHO, 2011;Falkinham et al., 205 2015bNAS,
2019.

B.2.1.3.6International considerations

No drinkingwater guideline foMycobacteriunspp.has beenstablished by the WHO,
the EU, thdJS EPAor the AustraliariNational Health and Medical Research Council

B.2.1.4Pseudomonas spp.

B.2.1.4.1Description

The bacterial genu3seudomonagClass: Gammaproteobacteria) includes over 30
species (Chakravartynd Anderson, 2015Pseudomonaaeruginosas themost clinically
relevantspecies and isnaopportunistic pathogerapable otausng of a variety of infectionsn
humangChakravarty and Anderson, 2015; Daniels and Gregory, 2015). Other sgecies (
fluorescensP. putida P. stutzer have been infrequently reported in human infections
(Chakravarty and Anderson, 2015).

Pseudomonaspp. are Granmegative, strictly aerobic, motile, straight or slightly curved
rod-shaped bacteria that grow over the raoié-42°C (optimum: 2837°C)(Moore et al.,
2006a;Chakravarty and Anderson, 2015). They are metabolically versatile, capable of utilizing
numerous substances as nutrient sources and surviving under low nutrient conditions
(Chakravarty and Anderson, 2015; kaham et al., 2014%. Pseudomonaspp. are also
significart due totheir capacity to join or form biofilms in water environmentsd&rd et al.,
2016h).

B.2.1.4.2Health &fects

P. aeruginosaauses disease following colonization in patients where sosdéesposing
factor (e.g.reduced immunity, underlying disease, traumatic injury or medical procedure) has
made them more vulnerable to infection (Chakravarty and Anderson, ZbEespiratory tract
is the most common site of human infectid®@gmptomsypically include fever, chills, cough
and laboured breathing; the onset can be sudden and severe (Daniels and GregoGQy&ii5)
fibrosis patients are particularly prone to respiratory infection Ritheruginosaand the
organism is a leading causenoorbidity and mortality in these individuals (Chakravarty and
Anderson, 2015P. aeruginosas an important cause of infections involving the skin, eyes, ears
and urinary tract (Chakravarty and Anderson, 2015; Daniels and Gregory, 2015). Bloodstream
infections resulting from lung, skin or urinary tract infections can result in spread of the
organism to other parts of the boéiigh mortality rates have been observed Witlaeruginosa
septicaemia in high risk individuals (Chakravarty and Anderson, ZDdiigls and Gregory,
2015).Individualsat higher risk for infectionsclude those that havewered immune status
(e.q, patients with low neutrophil counts or HIV/AIDS)ave underlying diseases (cystic
fibrosis, diabetes, chronic pulmonary diseaas) undergoing procedures with invasive devices
(vascular and urinary catheters, ventilator, endotracheal uydsve breaches in host defenses
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as a result of burns or penetrating trauma (surgical incisions, wounds) (Daniels and Gregory,
2015).The dosesf P. aeruginosaequired to cause infection via the various transmission
pathways are not well understood (Roser et al., 2BL4Beruginosanfections in healthy
individuals are rare.
Infections caused biyseudomonaare not reportable illnesses inMoAmerica or in
most countries worldwide. The vast majority of cases or outbredksasfruginosaelated
illness have been linked to hospitals or recreational water use at treated water facilitiest(e.g.
tubs/spas, swimming pools) (CDC, 2013b; kdllam et al., 2015a; Hlavsa et al., 2018).
Treatment oP. aeruginosanfections is difficult as a result of increasing antibiotic
resistance (Falkinham et al., 2@L.5Some straindiave been found to be resistant to nearly all or
all antibiotics includindater generation betactam antibiotics, fluoroquinolones and
carbapenes(CDC, 2013a)Multidrug-resistantP. aeruginosdas been categorized as a serious
threatby the CDG and apriority for risk managemersdttention by PHAC (CDC, 2013a; Garner
et al, 2015). GrbapenenresistanP. aeruginosan particular have been identifiéy the WHO
as a critical priorityfor developing new antibiotic strategi@/HO, 2017.

B.2.1.4.3Sources and xposure

Pseudomonaspp. are ubiquitous bacteria, found in a wrdgety of habitats including
soil, aquatic environments (fresh and marine surface waters, groundwater, potable water
supplies) and vegetation (Falkinham et al., 20T&gnan, 2006). Human and animal feces are
not a significant source; howeyéne orgarsms can be found ilmrgenumbers in sewage and
wastewater (Degnan, 2006)abitats forP. aeruginosare engineered water systems and
downstream facilities or devices that provide conditions (nutrients, temperature, protection from
disinfectants) allowig for amplification of the bacteri®@édardet al., 2016). Water supply
systems in hospitals and other healéne settings are important sources of the bacteédafl
et al., 2016). Confirmed reservoirs in these settings include potable water fasicétsnd
shower drains, humidifiers, water baths, hydrotherapy pools and bathing basins (Falkinham,
2015 Bédardet al., 2016). In community settings, hot tubs/spas and swimming pools can also
be important sources of infectiorBgdardet al., 2016).

P. aeruginosacan be transmitted through persorperson contact or through direct
contact with contaminated objects or water (Falkinham, 2 Bé&dardet al., 2016).

Consumption of drinking water is not a recognized route of infecBéddrdet al., 208b).

Studies involving both cultusbased and molecular detection methods HewedthatP.
aeruginosas sporadically detected in water and sediment samples from drinking water
distribution systems (Wingender and Flemming, 2004; Van der Wielen aneérv&oaij, 2013;

Lu et al., 2015a201%) and can be more frequently detected in samples collected from premise
plumbing systems (Reuter et al., 2002; Rogues et al., 2007; Lavenir et al., 2008; Van der Wielen
and van der Kooij, 2013; Charron et al., 20I%)e amplification of. aeruginosgopulations

within biofilms in premise plumbing odPOUdevices is proposed as the reason for the increased
detection in these sampld®d&dardet al., 2016). Ingestion by frediving amoebaesuch as
Acanthamoebapp.(seeB.3.2.1)can also contribute to the survival and growti?oberuginosa

in biofilms in drinking water distribution and premigdumbing systemsBédardet al., 2016).

No known drinking water outbreaks associated Witlaeruginosdave been recorded (€D

2004, 2006, 2008, 201201, 2015,201d).
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B.2.1.4.4Analytical methods

Standardnethods for the detection BEeudomonas spm drinking waterare available
(APHA et al., 2017; I1ISO, 2019). The literature can also be consulted for details on specific
methods (Wang et al., 201 Bseudomonaspp. are heterotrophic bacteria and are detected by
HPC testshoweverno direct correlation between HPC counts Bnderuginosaoncentrations
exists

B.2.1.4.5Treatment considerations

When properly designedd operated, physical removal technologiehemically
assisted, slow sand, diatomaceous earth and membrane filtration or an alternative proven
technology—and disinfectiormethods—chlorine, chloramines/monochloramine, chlorine
dioxide, ozone and UV-commonlyused in drinking water treatment a#ective at removing
or inactivatingP. aeruginosgLeChevallier and Au.,200€£1 aupf, 2006; Xue et a
Behnke and Camper, 2012, Zuma et al., 2009; Garvey et al., 2014; Zhang et al F@0tt
inactivation ofP. aeruginosathe CT requirements for chlorine and monochloramine
(chloramine) are less than those required feritiactivation of many enteric viruses and the UV
dose requirements are less than those required for the enteric pGtamtia and
Cryptosporidium( Cl aufp, 2006; Xue et &l ., 2013; Health

The general operational and maintenance pracfisesianaging microbial survival and
growth in drinking water distribution and plumbing systems outlined in Part A are important for
the control ofPseudomonaspp. (Falkinham et al., 20&5Bédardet al., 2016). Resistance to
chlorination will vary deperidg on the straimnd the protective effects provided by biofilms
(Bédard et a).2016; Mao et al., 2018).aboratoryscale angilot-scale studies suggekit
maintaining free chlorine residuals above 0.3 mg/L is useful for contRéeidomonaspp. in
bulk water (Wang et al., 20b2Mao et al., 2018)Mao et al., (2018) highlighted that loerm,
continuous exposure to an effectstdorineresidual is importarin order to prevent regrowtbf
Pseudomonaand the selection of resistant straifgrthe research on the effects of chlorne
based disinfectants dh aeruginosan premise plumbing water and biofilms is need@ddard
et al, 2016).

Watermanagement/watesafety plans are recommendedthe management of
Pseudomonaaeruginosan buildingwater systems (WHO, 20115upplemental strategies
describedhs control measurés hospital and health care facilities have included superheat and
flush disinfection with hot water to temperatures abov& @, and the use of POU membrane
filtration tecnologies (Falkinham et al., 20&3édardet al., 2016).

For homeowners,nspecific actions have been identified as necessagduce their
risk of P. aeruginosanfections However, homeowners caninimize theirrisk of exposure to
opportunistic watdorne pathogersy maintainng the temperature of their hot water taatka
minimum of60°C (WHO, 2011;Falkinham et al.2015a,201%).

B.2.1.5.6International considerations

No drinking water guideline fdP. aeruginosdas been established by the WHie EU,
theUS EPAor the AustraliarNational Health and Medical Research Courilidelines or
standards developed fBseudomonaspp. in Canada and tlheS.and other countries
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worldwide relate to control of the organism in building water systemsdeutsimunicipal
distribution system networks.

B.2.2 Protozoa
B.2.2.1 Acanthamoebaspp.

B.2.2.1.1Description

Acanthamoebapp. are frediving amoebaeommonly found in soil and aquatic
environmentsThey are opportunistic pathogeihsit can cause rar@ifossevere human diseases
affecting the eye, skin, lungs, brain and central nervous systsweévara et al., 2007;
Chalmers20147). Species oAcanthamoebavere originally classified based on differences in
life stage €.9, cyst— see below)jnorphology;however,genotyping is currently used to classify
members of the genus (Visvesvara et al., 200@rezet al., 2018)Approximately 20 different
genotypes oAcanthamoebaave been identified based on gene sequence differehdesft
al., 2018) Acarthamoebayenotype T4 is the predominant type encountered in cases of iliness
and in the environment; howeyether genotypes have also been associated with disease
(Chalmers2014g; Juarezt al., 2018)Acanthamoebapp. are alssignificart due totheir
ability to act as hosts for certain pathogenic microorganisms within drinking water systems.

Acanthamoebapp. have low nutrient requirements and grow over the range45°12
(optimum 30°C) (Chalmer20143. Their lifecycle consists of two stages:eading trophozoite
(25-40 um) and resistant cyst (BD pm) that can withstand temperatures28G-56°C and
provide resistance tesiccatiorand disinfection (Chalmers, 284 Juarezt al., 2018).

B.2.2.1.2Health effects

Acanthamoebinfections are na in the general population (Visvesvara et al., 2007,
Juérezt al., 2018)Acanthamoebéeratitis(AK) is the most common form of ilinesdu@rezt
al., 2018). Early symptoms of AK include blurred vision, intense pain and photosensitivity
usually in o eye (Chalmers, 2@& Juarezt al., 2018). Iradvancd andsevere cases,
symptoms include ulceration, swelling, glaucoma, cataract and blindngss#t al., 2018).

AK has a slow onset, taking days to several wéekivelopafter infection, and thdisease has

a slow but severe progressidfbpsleret al., 2016Juarezt al., 2018). Idevelopedtountries,

AK primarily occurs amongndividualswho wear contact lenses (Chalmers,44)1Personst
increased risk of exposure include those who usterilestap water to stoygvash or disinfect
contact lenses; and persons who swim, use hot tubs or showers while wearing contact lenses
(Chalmers, 204a; Juarezt al., 2018)In the minority ofAK cases that are not associated with
contact lenses, the mdtions argenerally associated with ocular trauma or environmental
contamination (Chalmers, 244).

Other expressions éfcanthamoebassociated disease are disseminated infections
originating in the skiror lungs that can spread to areas such as tmeyksdand adrenal glands;
and granulomatous amoebic encephalitis (GAE), a fatal disease which occurs when infection
spreads to the brain and central nervous system (Visvesvara et al., 2007; ChalMa)s, 201
These are very rare forms of illness and prigaffect individuals who have weakened or
suppressed immune status or underlying diseaseergons with HIV/AIDS, cancer, diabetes,
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liver diseaser who areundergoing chemotherapy or organ transplantation) (Visvesvara et al.,
2007; Chalmers, 2@&; Guimaraes et al., 2016Jhe numbers oAcanthamoebapp. necessary
to cause infections are not known.

Despite the widespread occurrence of the organism in environmental waters, the number
of cases of illness caused Aganthamoebapp. is low. The estimadeéncidence of AK in
developed countries is one to 33 cases per million contact lens wearers (CDC, PEath)ent
of AK is difficult, as the cysts are resistant to most antimicrobials at concentrations tolerated by
the human eyel(arezt al., 2018)Prolonged treatment with a combination of drugs is needed
(Visvesvara et al., 2007).

B.2.2.1.3 Sources and xposure

Acanthamoebapp. are ubiquitous in soil and water worldwide; and are one of the most
common frediving amoebae occurring in the environméviisvesvara et al., 200Jduérezt al.,
2018) The amoebae have been isolated from an abundance of natural anthden
environments including soil, mud, fresh and brackish waters, swimming pools, hot tubs/spas,
cooling towers, humidifiers, heating, téation and air conditioning equipment, drinking water
and airborne dust (Visvesvara et al., 2007; Chalmergia201

The relative importance of water as a pathway for infection is undlearubiquitous
presence oAcanthamoeban the environment maketsdifficult to determine sources of
infection.Drinking and inhalation of contaminated water aot considered routes of infection
(Chalmers, 204a). No outbreaks of AK as a result of exposure to drinking water have been
reported in North America (Kilvigton et al., 2004; Craun et al., 2010; Yoder et al., 2012b).
Cases of AK have been associated with the use of nonsterile tap water in the preparation of
contactlens solutions (Visvesvara et al., 2007). Disseminated infections and GAE caused by
Acanthamoedspp. are not thought to be waterborne (Chalmergjd01

Acanthamoebapp. can be commonly detected in drinking water distribution systems in
North America and internationally (Magnet et al., 2012; Lu et al., 202615h Qin et al.,
2017).Regrowth ofAcanthamoebapp. can occun biofilms and loose deposits in drinking
water distribution and premise plumbing systems (Thomas and Ashbolt, 2011; Wang et al.,
2012 Qin et al., 2017)in theU.S, Acanthamoebapp.have been detectdy PCRin 40-63%
of municipalstorage tank sediments (Lu et al., 2015b; Qin et al., 2017).

Acanthamoebapp.mayserve as hosts for pathogenic armeresisting
microorganisms, providing conditions (nutrients, protection from environmental stresses) critical
for the survivalamplification and transport of these organisms (Thomas and Ashbolt, 2011)
has been proposed the virulence of doa@resisting microorganismnis enhanced by infecting
protozoaVisvesvara et al., 2007; Thomas and Ashbolt, 2011; Chalmer4a2@athg@enic
bacteria isolated frorAcanthamoebapp. includd_egionellapneumophilaMycobacterium
avium Helicobacter pylorj Escherichia colserotype O157,isteria monocytogenes
Pseudomonas spandVibrio cholerae(Visvesvara et al., 2003parezt al., 218).
Acanthamoebapp. are also abte harbour protozoa, fungi and virus&®lsleret al., 2016;
Juarezt al., 2018). More research is needed to determine the implications of the interactions
between frediving amoeba species and pathogenic amaebsting microorganisms in
drinking water (Thomas and Ashbolt, 2011).
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B.2.2.1.4 Analytical methods

No standardized methods have been establighdte detection and identification of
Acanthamoeba sppm drinking water Procedures for the isolation Atarthamoeban water
samples involveoncentration by membrane filtration or centrifugation; plaque screening and
identification using molecular methods (Chalm@@&14g). The literature can be consulted for
details on specific methods (Wang et al., 2017).

B.2.2.1.5 Treatment considerations

Acanthamoebaysts are larger tha@iardia cysts andCryptosporidiunoocysts
(Chalmers2014g; Health Canada, 204 thus physical removal mechanisms used during
drinking water treatmerare expected teemovethese cystsThe cysts are very resistant to
commonly used chemical disinfectants and UV (Loret et al., 2008; Hijnen et al., 2011). For the
inactivation of cysts oAcanthamoeba sppthe CT value for free chlorine is greater than
required forGiardia, but less tharhtat reported fo€Cryptosporidiumandthe CTvalues for
chlorine dioxide and ozone are greater than those reported for both organisms (Loret et al.,
2008). The UV dose requirements for inactivation of cys&scainthamoebapp. are similar to
those require for adenovirus (Hijnen et al., 2011; Health Canada, @019

The general operational and maintenance practises important for the control of
waterborne pathogens, includiAganthamoebapp., in drinking water distribution and
plumbing systems are outlinguPart A Chalmers, 2014a\shbolt, 2015)As part of a general
facility water management plabuilding system managers may implemegular cleaning and
maintenance of water features and watging devices (e.gfaucets, showerheads, hot tubs/spas,
cooling towers)Control ofAcanthamoebapp.may beparticularlyimportant in some
specialised uses of water such as emergencyagh stations (Chalmers, 2@)4

No specific homeowner actions are necesddoyvever,homeowners can minimize risks
of exposire toopportunistiovaterborne microorganisms in the hobemaintaining the
temperature of their hot water tankaatninimumof 60°C (WHO, 2011)Individuals in the home
who wear contact lensstouldalso follow guidance from their eye care providerpmper
lens handling, cleaning and wear (CX01 7).

B.2.2.1.6 International considerations

No drinking water guideline fohcanthamoebapp. has been established by the WHO,
the EU, thdJS EPAor the AustraliariNational Health and Medical Research Calunc

B.2.2.2Naegleriafowleri

B.2.2.2.1Description

Naegleriafowleriis a pathogenic frelving amoeba that causpamary amebic
meningoencephalitis (PAM) in humans, a rare but almost always fatal diseasd0Qpecies
of Naegleriaspp. have beemléentified However to date, onlyN. fowlerihas proven to be
pathogenic to humans (Marcia@abral & Cabral et al. 2007; Yoder et al. 2010). Eight known
N. fowlerigenotypes have been found worldwide, and all are suspected to be pathogenic to
humans (Barand et al., 2014Chalmers, 2014bN. fowleriare thermophilic, grow welt 25
40°C (optimum: 37°Clandcantolerate temperatures exceeding@l C (Hallenbeck &
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Brenniman, 1989Visvess/ara et al., 2007; Zaongo et al., 2DIBnhere are three distinct ges in
theN. fowleri life cycle: a feeding and infectious trophozoite stage, an intermediate flagellate
stage and a resistant cyst stage (Bartrand et al., @bdmers, 2014b Cysts are the most
resistant form of the organism and can survive undegrad\venvironmental conditions such as
cold temperatures and low food/nutrient environments (Bartrand et al.,QBaHners, 20149b

B.2.2.2.2Health &fects

Symptoms of PAM are clinically similar to bacterial or viral meningitis, beginning with
headachdever, nausea and vomiting and then moving to stiff neck, altered mental status,
occasional hallucinationseizures and coma (Visvesvara et al., 2@valmers, 20149bOnset
of symptoms occurs withiane to sevedays of exposure and the disease progsesmpidly,
with death generally occurring withfive days (Visvesvara et al., 200Zhalmers, 2014b
PAM has an extremely high fatality ragréater tha®7%) (De Jonckheere, 2011; Capewell et
al., 2015. Among documented cases in the&s, there havéeen onlyfive known survivors
(Capewell et al., 2015). Infection occurs when water contaidirfgwlerientershe nasal
passages he amoebae invade the mucous membranes and travel along the olfactory nerve to the
brain where they consume nerve and Hloells causirg inflammation and cell damage leading
to death Chalmers, 2014tSiddiqui et al., 2016)The dose oN. fowlerinecessary to cause
infection is not well understood (Bartrand et al., 2014).

Despite the widespread occurrencéNofowleriin environmental waters, PAM occurs
infrequently. As of 2011, only 235 cases of PAM had been reported globally, with the majority
occurring in thdJ.S. (De Jonckheere, 2011ases of PAM largely occur during the hot summer
months. lliness occurs more freqtlgnn children and young adults, as these are age groups that
are more energetic during aquatic activities (Visvesvara et al., 2007).

PAM is difficult to detect, with most cases progressing so rapidly that diagnosis is made
following death Chalmers, 201l4). Several drugs have demonstrated effectiveness afinst
fowleri in the laboratorybuteffective treatment remainsiclear (Capewell et al., 201Siddiqui
et al., 201%. Survival of infection has been demonstrated in two cases using a combination of
antimicrobial agents and aggressive management offnatiing (CDC, 2019) Continued
testing of therapies is necessary (Capewell et al.,; Zidifliqui et al., 2016 No human
vaccines for PAM exists (Siddiqui et al., 2016).

B.2.2.2.3Sources andxposure

N. fowleriare naturdy found in warm freshwater environments and seisldwide
(Chalmers, 2014bThe organisms have been isolated from a wide variety of natural and-human
made warm water sourgascluding lakes, rivers, ponds, hot springs, geotlagroundwater,
water receiving thermal discharges from power plants or industrial facilities and poorly
maintained swimming pool€halmers, 2014Bartrand et al., 2014). In the U.8l., fowlerihas
been most commonkyetectedn natural waters isouthen-tier statesDetection in northern
watersis lesscommon;however the pathogen hdseenencounteredh lake watelin states as far
north as Minnesota (Yoder et #01Q 2012). N. fowlerihas been isolated from drinking water
and premise plumbing spjes in Australia anth Arizona and Louisiana in tHe.S. (Bartrand
et al., 2014)Increasing ambient temperatures as a result of climate change may increase the
geographical range ®f. fowleri(Bartrand et al., 2014; Chalmers, 2014Db).
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Transmission oN. fowleri occurs through the intranasal rautost infections have been
associated with recreational activities (esgvimming, diving) in warmfreshrecreational waters
or contaminated poold$n very rare cases, infections have been linked to contéexdimzinking
water supplies, through aaties such as nasal cleansimgthingor recreational water uses
(Yoder et al.201Q 20123, Bartrand et al., 2014Prinking contaminated watés notaroute of
infection

There is very little dta on the occoence ofN. fowleriin North American drinking water
distribution and premise plumbing systems (Bartl et al., 2014N. fowleriis widespread in
environmental reservoirs but at low numbersess the environment provides conditions for
amplification seh as optimal growth temperatures, availability of nutrients and the absence of a
disinfectant residual (Bartrand et al., 2014). Drinking water systeingrable ta\. fowleri
contamination are thosehere theemperature of the water suplgntinually exceeds 25°Gnd
whereadequatelisinfectant residuals aret maintained (Bartrand et al., 2014png-term
survival of the cysts at temperatures below optimal growth temperatures is passibie
fowleri hasthe ability to survive over winter in lak@s subtropical and temperate regions
(Bartrand et al., 2014).aboratoryscale and futscale studies have demonstratteat N. fowleri
canpersistand growin distribution system and premise plumbing biofilms (Bartrand et al.,
2014).

N. fowlericanactasa reservoir for amoeb@sisting microorganisms (Thomas and
Ashbolt, 2011; Bartrand et al., 201#8)aegleriaspeciesre regarded ashostfor L.
pneumophilaandcan provide conditionehich permit theeplication protection andlistribution
of this pahogen in the environment (Thomas and Ashbolt, 2011; Bartrand et al., 2014; Siddiqui
et al., 2016)Significant research is needed in order to understand the interactions between free
living amoeba species and pathogenic am@ebsting microorganisma order to quantifyany
risk to human health (Thomas and Ashbolt, 200h)ly six of 132 U.S. cases ™. fowleri
reported between 1962 and 2013 heasalted fromexposureselatedto drinking water (Yoder
et al.2010; CDC201%). Three of the cases weraHlied to nasal cleansing (Louisiana (2): 2011,
U.S. Virgin Islands (1), 2012), two were related to bathing (Arizona, 2002), and one was related
to tap water exposure @m outdoor plaglide (Louisiana, 2013) (Yodest al.2010, 2012;

Bartrand et al., 2004 The two Louisiana cases represent the first time disinfected tap water has
been implicated itN. fowleriinfection in theU.S.(Yoder et al., 2013). To date, there have been
no known cases &AM documented in Canada.

B.2.2.2.4Analytical methods

The cetection and identification M. fowleriin drinking watemrequires highly
specialized laboratories (Bartrand et al., 2@HAalmers, 20149bNo standardized methods have
been establishe@rocedures for the isolation Nt fowleriinvolve concentrationnjembrane
filtration or centrifugation) or separation; plaque screening and identification using
immunofluorescence or molecular assays (Bartrand et al., @bBdmers, 2014BNang et al.,
2017). The literature can be consulted for details on specific odstiBartrand et al., 2017;
Wang et al., 2017).

B.2.2.2.5Treatment considerations

When properly designed and operated, physical removal techneleghesnically
assisted, slow sand, diatomaceous earth and membrane filtration or an alternative proven
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techndogy—commonly used in drinking water treatment are expected to reldwesvleri The
cysts are very resistant to commhpused disinfectantschlorine, chloramines/nmochloramine
and UV. N. fowlericysts arevery similarin sizeto Giardia cysts(Chalmers2014h Health
Canada, 201d). For the inactivation otysts ofNaegleriaspp.the CT requirements fdree
chlorine and chloramine (monochloramiregless tharthose neededf Giardia and
Cryptosporidiumwhereashe doserequirements for UV argreate thanthose needefbr these
protozoabut less than those needed for adeno\iBakar and @rba, 2012Goudot et al., 2014;
Health Canad&019¢ 20199.

The general operational and maintenance practises important for the control of
waterborne pathogsnincludingNaegleriaspp., in drinking water distribution and plumbing
systems are outlined in Part A (Bartrand et al., 2084jntaining minimum free chlorine or
chloramine residualof 0.5 mg/L throughout the distribution system is recommended for the
control ofN. fowleriin vulnerable drinking water systems (Robinson and Christy, 1984; Trolio et
al., 2008; Bartrand et al., 206INHMRC, NRMMC, 2011).

N. fowleriis not an immediate risk for drinking water systems in Cartdoaever,
homeownershould @sure that they conduct nasal rinses ugiaterthat has been boilezhd
cooled ordistilled water.

B.2.2.2.6International considerations

No drinking water guideline fax. fowleri has been established by the WHO, the EU, the
US EPAor the AustraliarNational Health and Medical Research Council
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Appendix A: List of Acronyms

AIDS aquired immunodeficiency syndrome

AK Acanthamoeba keratitis

ANSI American National Standards Institute
ASHRAE American Society of Heating, Rejerating, and AkConditioningEngineers
CDC Centers for Disease Control and Prevention
CDW Committee on Driking Water (FederaProvincialTerritorial)
CFU colony forming units

CT concentratior{C) x time (T)

DAEC diffuse adherenEscherichia coli

DNA deoxyribonucleic acid

EAEC enteroaggregativéscherichia coli

E. coli Escherichia coli

EHEC enterohaemaehagicEscherichia coli

EIEC enteroinvasivéscherichia coli

EPEC enteropathogeniEscherichia coli

ESBL extended spectrufitlactamase

ETEC enterotoxigenid&scherichia coli

EU European Union

GAC granulated activated carbon

GAE granulomatous amoebic encephalitis

HIV human immunodeficiency virus

HPC heterotrophic plate count

HUS hemolyticuremic syndrome

HVAC heating, vatilation and air conditioning

IARC International Agency for Research on Cancer
ISO International Organization for Standardization
NAS National Academies of Sciences

NPC National Plumbing Code (Canada)

NSF NSF International

NTM nonrtuberculous mycolzeria

PAM primary amebic meningoencephalitis

PCR polymerase chain reaction

PHAC Public Health Agency of Canada

POE point-of-entry

POU point-of-use

QMRA guantitative microbial risk assessment

SCC Standards Council of Canada

spp. species

US EPA United State€€nvironmental Protection Agency
U.S. United States

uv ultraviolet

VBNC viable but norculturable
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VTEC verotoxinproducingEscherichia coli
WHO World Health Organization
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Appendix B: Table B1- Summary of waterborne enteric pathogens

particularly:S.

Severe casesith immunocompromised individuals: can

with weakened

contaminated

serotypeEnteritidis spread to other parts of the body (e.g., blood, urine, join| immune systems. water.
andS. serotype brain)
Typhimurium.

Pathogen Members most Health Effects Groups at higher Main reservoirs | Major route for | Significance as a drinking
frequently associated risk for illness. waterborne water pathogen
with human illness transmission
Campylobacter | C. jejuni C. coli Gastroenteritis (symptoms: watery, profuse and sometin| Young children, Poultry, cattle, Ingestion of Well-documented as a
spp. bloody diarrhea; fever and abdominal pain). young adults, the sheep, domestic | fecally cause of oudreaks
elderly. pets. contaminated associated with
water. contaminated drinking
water.
Pathogenic Enterohaemorrhagic | Gastroenteritigsymptoms: watery diarrhea that can be | Young children, the| Cattle and other | Ingestion of Well-documented as a
Escherichia E. coli(EHEC) group.| accompanied bylbod, nausea, vomiting, abdominal pain elderly. ruminants, fecally- cause of outbreaks
coli/Shigella E. coliserotype fever). humans. contaminated associated with
spp. O157:H7 is the most drinking water. | contaminated drinking
prevalent. EHEC illness can progress to the hemolytic uremic water.
syndrome (HUS), a potentially |Hégareatening condition
involving decreased blood cell and platelet counts and
acute kidney failure.
Shigellaspp.:S. Gastroenteritis (symptoms: watetiarrhea that can be Young children. Humans. Ingestion of Rarely linked to drinking
sonneiandS. flexneri | accompanied by blood, abdominal pain, fever). fecally- water outbreaks
contaminated
water.
Helicobacter H. pylori Asymptomatic superficial gastritis. Some infects Individuals living in | Humans. Ingestion of Further researcis needed
pylori develop into peptic (e.gduodenal or gastric) ulcers. areas with crowded fecally- on the importance of
or high density contaminated drinking water as a source
living conditions water suspected| of infection.
and/or poor as a possible
sanitation. route.
Salmonellaspp. | Non-typhoidal Gastroenteritis (diarrhea, fever and abdominal pain). Young children, the| Chicken, pigs, Ingestion of Rarely linked to drinking
Salmonella group, elderly, persons turkey and cattle. | fecally- water outbreaks.

Yersiniaspp.

Y. enterocoliticaY.
paratuberculosis

Gastroenteritis ranging in severity depending on the strg
(symptoms: diarrhea that can be accompanied by blood
fever and abdominal pain in children; appeiti-like
symptoms in adults).

Young children, the
elderly, persons
with weakened
immune systems.

Y. enterocolitica
Pigs, ruminants,
dogs, cats.

Y.
paratuberculosis
rodents, birds

Ingestion of
fecally-
contaminated
water.

Rarely linked to drinking
water outbreaks
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Appendix C: Table C1—Summary of waterborne naturally-occurring pathogens

caviae A. veronii
(biotype sobria)A.
trota

extraintestinal diseases and syndrom

Gastroenteritis is the most common
disease (syptoms: watery diarrhea
along with low grade feveromiting
and abdominal pain).

elderly, persons with
weakened immune
systems.

found in a wide variety of]
habitats, including
aquatic habitats, soils,
vertebrate and
invertebrate animal
species, insects and
foods.

water.

Pathogen Members most Health Effects Groups at higher risk fo Main reservoirs Major route for Significance as a drinking
frequently associated illness. waterborne transrssion water pathogen
with human illness
Aeromonaspp. | A. hydrophilg A. Linked to a variety of intestinal and Young children, the Ubiquitous bacteria, Ingestion of contaminate( Further research is

needed on the importanc
of drinking water as a
source of infection.

Legionellaspp.

L. pneumophila
(mainly serogroup 1)

Le gi o n disease: seyele
respiratory illness involving
pneumonia.

Pontiac Fever: milder, flike, self
limiting and norpneumonic disease.

The elderly, smokers,
persons with weakened
immune systems or
underlying disease.

Freeliving protozoa that
can be found within
biofilms in the natural
environment and in
engineered water system
(large plumbing systems,
cooling towers, drinkig

Inhalation of
contaminated aerosols
generated by devices
associated with HVAC
systems, plumbing
systems and
humidification

Well-documented as a
cause of outbreaks
associated with water
systems (cooling towers,
plumbing systems) of
large buildings (most
commonly hospitals,

Spp.

mycobaceria (NTM),
group, particularly:
M. aviumcomplex
(MAC): M. aviumand
its subspeciesyl.
intracellulare, andM.
chimaera

persistent cough, weakness and night
sweats.

Severe cases with
immunocompromised individuals,
infecton can spread to other parts of
the body (e.g., joints, liver, brain).

Other diseases: cervical lymphadeniti
skin and soft tissue infections.

weakened immune
systems or underlying
respiratory conditions.

biofilms in engineered
water systems (plumbing
systems, drinking water
distribution systems).

contaminated aerosols
from aerosol-generating
devices associated with
plumbing systems and
humidification
equipment.

water distribution equipment. long-term care facilities,
systems). hotels and resorts).
Mycobacterium | Non-tuberculous Pulmonary disease. Symptoms: Individuals with Soils, water habitats, Inhalation of No reported outbreaks

associated with drinking
water.

Contaminated water can
be an important source
for infections in specific
settings (e.ghealth care
facilities) for at risk
groups.

Pseudomonas
spp.

P. aeruginosa

Respiratory infections (symptoms:
fever, chills, cough and laboured
breathing); infections involving the
skin, eyes, ears and urinary tract.

Individuals with
weakened immune
systems or underlying
diseases (particularly
cystic fibrosis), patients
undergoing procedures
with invasive medical
devices or have burns or]

penetrating trauma

Ubiquitous bacteria foung
in a wide variety of

habitats, including soil,
aquatic environments,
vegetation and biofilms in
engineered water system
(plumbing systems).

Direct body cordct with
contaminated water or
devices in contact with
water from contaminated
engineered water
systems.

No reported outbreaks
associated with drinking
water.

Contaminated water can
be an important source
for infections in specific
settings (e.ghealthcare
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(surgical incisions,
wounds).

facilities) for at risk
groups.

Acanthamoeba
spp.

Acanthamoeba
genotype T4

Acanthamoebadsatitis (AK), a visior
threatening disease (symptoms: blurre
vision, intense pain and
photosensitivity; later, severe cases,
ulceration, swelling, glazoma,
cataracts and blindness).

Contact lens wearers.

Ubiquitous in soil and
water; also present in
biofilms in engineered
water systems (plumbing
systems, drinking water
distribution systems
cooling towers) and in
airborne dust.

Eye contact with lenses
exposedo water
containing the organisms
during lens washing,
storage or wear.

Incidence of disease is
rare.

Can act as hosts for
pathogenic bacteria
including Legionella and
nontuberculous
mycobacteria.

Naegleriaspp.

N. fowleri

Primary Amebic Meningoenpdalitis
(symptoms similar to viral or bacterial
meningitis: headache, fever, nausea g
vomiting; later: stiff neck, altered
mental status, occasional hallucinatio
seizures, coma). Infections almost
always fatal.

Children and young
adults engaging in
recreational water
activities where
organism is prevalent;
individuals performing
nasal cleansing with
nonsterile water.

Warm freshwater
environments (lakes,
rivers, hot springs) and
soils.

Can adapt to growth in
biofilms in distribution
and plumbing systas if
conditions are favourable
(optimal

growth temperature,
absence of disinfectant).

Intranasal contact with
contaminated water
through diving,
swimming, bathing,
splashing or nasal
cleansing.

Incidence of disease is
rare. Infections and
isolations fran piped
water systems have
primarily occurred in
areas with a subtropical
climate.

Can act as hosts for
pathogenic bacteria
including Legionella and
nontuberculous
mycobacteria.
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Appendix D: Figure D1- Relative CT values for various waterborne pathogens, Free chlorine (2 log inactivation,
5-25°C, pH 6-9)

Aeromonas spp.! I

Pseudomonas spp.? T
£ coll, Campylobacter, Helicobacter, I

Salmonella, E. coli 0157:H7, Yersinia®

Enteric viruses* ]

Naegleria fowleri (cysts)*®

Giardia(cysts)®

I*
Legionella pneumophila’ |

Mycobacterium avium?® P

Acanthamoeba spp. (cysts)*® |

Cryptosporidium (oocysts)'® |

0.00 0.01 0.10 1.00 10.00 100.00 1,000.00 10,000.00
CT Range (mg-min/L)
!Massa et al., 1999, Gerba et al., 2003
2Perez-Recuerda et al., 1998; Xue et al., 2013
3Hoff, 1986;Lund et al., 1996; Johnson et al., 1997; Perez-Recuerda et al., 1998; Rice et al., 1999; Baker et al., 2002; Wojcicka et al., 2007; Rasheed et al., 2016
4Health Canada, 2019¢
*Sakar and Gerba, 2012
%Health Canada, 2019d
Jacangelo et al., 2002
8Taylor et al., 2000
9Loret et al., 2008
10'Health Canada, 2019d
“4-log removal
"*3-log removal
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Appendix E: Figure E1- Relative UV dose requirements for various waterborne pathogens (4 log inactivation)

Pseudomonas spp.’

Aeromonas spp.?

Cryptosporidium (oocysts)®

Giardia(cysts)*

Legionella pneumophila®

E. coli, Campylobacter, Helicobacter,
Salmonella, E. coli 0157:H7, Yersinia®

Hepatitis A, Coxsackievirus,
Poliovirus, Rotavirus”

Mycobacterium avium?®

Naegleria fowleri (cysts)®

Acanthamoeba spp. (cysts)™

Some strains of Mycobacterium spp."

Adenovirus®

IClaup et al., 2006
Gerba et al., 2003
SHealth Canada, 2019d
“Health Canada, 2019d
“Hijnen et al., 2011

$Zimmer and Slawson, 2002; Hayes et al., 2006; Zimmer-Thomas et al., 2007; Hijnen et al., 2011

"Health Canada, 2019¢

SHayes et al., 2008; Schiavano et al., 2018
®Sakar and Gerba, 2012

Hijnen et al., 2011

UGerba et al., 2003, Schiavano et al., 2018
Health Canada, 2019¢

"2 log removal

**2-5 log removal

100 1000
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