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&H SURMHW D SRXU YRFDWLRQ GILGHQWLILHU DX VHLQ GHYV
JRQHV D\DQW XQ SRWHQWLHO K&ginelaOGH FDX\DLRWL IhEHY © 18
GIpTXLSHPHQWY GplHFWXHX[ WHOV TXH OHNs pompdsQ@elWV O]
recirculation sur le systéme hydraulique, de proposer par la suite aux hépitaux des méthodes
durables de traitement et de contréle de la qualité microbiologitjfiealement de suivre les
évolutions de positivité ebegionella pneumophillGDQV OH UpVHDX GYfHDX FKDXGH

place des méthodes proposées.

Deux hdpitaux au Québemnt été suivis entre 2014 et 2016. Le premier avait recu des plaintes au
QLYHDX GYXQH DLOH FRQFHUQDQW OH PDQTXHpéaafukeDeX FKD X G
second hépital a connu deux cas de légionellose dans une des ailes en été 2014. Suite a la
déclaration des cas, une désinfection therm{@@8C pendant 7 minutes et plus) ainsi que des
rincages hebdomadaires ont été mis en place. Une temmeécansigne de 60°C a été fixee

sortie de chauffeau Dans les deux hépitauw suivi des températures et des déaitsiveau des

boucles de recirculation secondaires ainsi que des échantillonndgegi@rella pneumophilant

éte initiés.Des proifls de température ont été réalisés afirvélgfier le maintien des températures

dans le temps et la température maximale attelddes les deux hdpitaux, les caractéristiques
physicechimiques suivantes ont été relevdass un volume de 500 mL apréascage du premier

litre : WHPSpUDWXUH PD[LPDOH GH OfHDX FKDXGH FKORUH Up
concentration en ions (cuivre, argent, zinc, fer) et dBlgis mesures correctives ont été mises en
°XYUH GXUDQW OfpWXGH HQBWLD P A HQ @& UPRX@AH X @ D)W WK H U P L
positivité enLegionella pneumophil pWp TXDQWLILpH HQ FXOWXUH SRXU OH
gPCR pour le second établissemé&dur chacun des robinets et ainsi que des points du systéme,

un litre df HD X F K D®¥eGaHftéanalys en culture selon la norme AFNOR NF F881et en

gPCR selon la norme NF30 471

Les résultats de suivi de température et de débit ont montré dans les deux hdpitaux une incapacité

du systeme a fournir une eau a au moin§ & | OYHQVHPEOH GHM GRLWYXQH
GplILFLHQFH GX V\VWgPH GH UHFLUFXODWLRQ TXL QYDWWHLJ
UHFLUFXODWLRQ FRPSRUWDLW GHV JRQHV GH VWDJQDWLRAQ

régime hydralique. Des équipements défectueux comme lesppsnde recirculation secondaire



et des systémes de douab@ aussi été mis en cause damsriélange entre les eaux froide et
FKDXGH $SUqV DYRLU PL\ad&p@es X shiddtde Gystém® didtviln ey que
oybuurw GHV SRPSHV GH UHFLUFXODWLRQ VHFRQGDLUHV Of
suppression de plusieurs metres de bras morts ou bien les ringages hebdanmielaiettes
améliorations ont pu étre constatées dansdex établissements. Au sein du premier hopial,
WHPSpUDWXUH GH OfHDX FKDXGH RBESdébiQetast maSséajdeé 42.B9CQ X W H \
a53.0°Cen deux mois$ OTHQWUpPH GH OfDLOH FRQQDLVVDQW OHV SOX!
latemppUDWXUH GH OYHDX FKDXGH D DXJPHQWp GH f& HQ PF
concentration eegionella pneumophilétait en moyenne 3 fois supérieure aux autres ailes, le
nombre de pointpositifs a chuté d&00% a56%. Dansune des deux ailes éieds deO {DXWUH
hopital, la concentration moyenne é&egionella pneumophildD X[ SRLQWYV GIXWLOLVDW.L
en qPCR de 13 000 UG/L a 470 UG/L entre novembre 2014 et juillet Z00B.XWUH DLOH D O
connu une baisse de contamination durant cette dgépaisque la concentration moyenne est

passée de 84 000 UG/L a 25 000 UG/L. Cependant, comme les résultats sont plus mitigés, une
source de contamination dans la boucle de recirculation dussbest suggérééd.es résultats
statistiques ne montrent paes corrélation entre les concentrationd. gmeumophilaet la distance

HQWUH OH SRLQW Gi1X8MLOLVDWLRQ HW OH FKDXIIH

Nos résultatsV {DFFRUGHQW DYHF OD OLWWpUDWXUH HW VRXOLJQ!
équilibré, distribuant une eau chaufgeXQ PLQLPXP GH f& | OTHQVH&EOH GH
incluant une vitesse minimale de 0.2 m/s dans les conduites pour minimiser les pertes de chaleur et

OHV SpULRGHV GH VWDJQDWLRQ 1RWUH pWXGH SHUPHW G{y
grandsbatiments dans le but de réduire le risque lié aux légionelles lorsque le réseau est déja

contaminé &HV DFWLRQV WHOOHV TXH OfpTXLOLEUDJH GHV Gy
GLIIpPUHQWHY XQLWpV DLQVL TXH O YL QYdéydd tethpardiuR &t deHV E U |
débitmeétres permettent detablir UDSLGHPHQW OD |Ré&dawdefiRientaiaoildd/p G X C

pouvoir faire diminuer le risquege maniere plus efficace
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The goal of this project is to identifLegionella high amplification zones within hot water
distribution systems of large buildings, to quantify the impact of faulty devices such as faucets,
shower systems and recirculation pumps on the hydraulic system, to suggest sustainable methods
of treatment and ceurol of the microbiological quality to the hospital staff and finally to monitor

the evolution ofLegionella pneumophilapositivity within the hot water distribution system

following the implementation of the suggested methods.

Two hospitals in Quebec weemonitored between 2014 and 2016.The first hospital received
complaints concerning the lack of hot water and wide temperature variations from one of the wings.
7KH VHFRQG KRVSLWDO KDV XQGHUJRQH OHIJLRQQDLUHTYV C
summer of 2014Following the declaration of the 2 cases, a thermal disinfection (70°C for at least

7 minutes)and weekly flushings were initiated. A temperature setpoint of 60°C was implemented
at the outlet of the water heater. Temperatures and flovesreeorded in both hospitasthe base

of each secondary vertical and horizontal flow and return loop. Samplindsegbnella
pneumophilawere alsotaken Temperature profiles at the tap werarried out toknow the
maximum temperature and whether thenperature maintains time. The following physico
chemical caracteristics were measiin a 500mL bottle after flushing tle first liter: maximal
temperature of hot water, residual chlorine, conductivity, dissolved oxygen, ions concentrations
(copper, 8ver, zinc, iron) and the flow. Corrective measures were set up during the study,
particularly the hydraulic and thermal regime. The evolution of positivityLefionella
pneumophilavas quantified by culture in both hospitals and by qPCR in the secepddioFor

each tap and system sampling point, the first hot water liter was analysed according to the AFNOR
NF T90-431 norm for culture and according to the NF ‘B30 norm for the gPCR.

Results of temperature and flow monitorisigow in both hospitalde incapacity to supply hot

water atat least 55°C to all distal points of use. They also show a deficiency in the recirculation
system, which did not meet the 55°C recommendation. The recirculation system ireckeaedf
stagnation and reverse flomhich impaired the hydraulic regime. Faulty device such as secondary
recirculation pumps and shower systems were shown to be responsible for hot and cold water
mixing. After setting up adapted actions to each distribution system such as turning off the

se®ondary recirculation pumps, balancing the flow between the different wings, removing meters
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of dead ends and weekly flushing, great improvements were noticed in both hospttedsfirst
hospital, the mean hot water temperature obtained at 45 tapa &fteinute flush increased form
42.8°C to 53°C within 2 months. The mean hot water temperature at the entrance of the wing which
had the most important hydraulic deficiencies increased by 5.9°C. The same wiregtwauhella
pneumophilaconcentrations wih were 3 times higher than the other wingilee number of
positive points of use this wingdecreased from 100% to 56%. In one of the two studied wings

in the second hospital, the meaggionella pneumophilaoncentration decreased at the points of
usefrom 13 000 GU/L to 470 GU/L by gPCR between November 2014 and July P& mther

wing also recorded a decrease in contamination during the same period: the mean concentration
decreased from 84 000 GU/L to 25 000 GU/L. However, this wing shows more redts. A

source of contamination in the recirculation loop of the basement is suggested and should be
investigated. Statistical results show no correlation betwéegionella pneumophila

concentrations and the distance between the point of use andtdreheater outlet.

Our results agree with the literature et underline the importance of a balanced hydraulic regime
which distributes a hot wateith a minimal temperature of 55°C to all distal ta@psl includes a
minimal flow velocity of 0.2 m/s to mimize heat losses and periods of stagnation.
Recommendations can be drawn from our study and are applicable to large buildings in order to
reduce the risk associated taegionella when the system is already contaminated. These
recommended actions, such asancing the flows based on the temperatures between the different
wings or investigating dead ends by means of temperature sensors and flovemedtézrshe fast

and effective rehabilitation of a deficient hot water distribution system.
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Figure A2.1: Photo of the faulty shower device in Wing 8. mixing valve, B: Upper shower
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CHAPITRE 1 ,1752'8&7,21
MISE ENCONTEXTE

/ID SUpVHQFH GH OpJLRQHOOHV GDQV OHWWJ pWHHDIXY iGKHH GLI\HWS.
KXPDLQHV j FHV EDFWpULHY RSSRUWXQLVWHYV @pésetsi ELDLV
une V R X Uikgdiétaidees gestionnairede grands batinmgs. Legionella pneumophilé_p) est a
OTRUGIJLQHHFWLRQV TXL VH SUpM Qe PontigeimeXorme héXigneR U P H V
et la légionelloseplus sévere etlont le taux de mortalité/ T p O dl¥bi(Jenkers for Disease

Control and Prevention (CDC) & U. S. Department of Health and Human Services, R84 6)
légionelles QDWXUHOOHPHQW Spgp/ertipfodrey dasddt@géenOpfidddnoe de

conditions favorables retrouvédans les équipementslsd que lesU pVHD X[ G  HabkeisKD XGH
et pommeaux de douchgBlanc, Carrara, Zanetti, & Francioli, 2005pains bouillonnants
(Brousseau et al., 2018)toursGH UHIUR L G L V. \edfpreseide moskted Rientifiee dans

les échangeurs de chaleur a plaquesV LOLVpV SRXU SUpFKDXII@eda@JfHD X Fk
Lévesque, et al., 2016)

En raison des éclosion& TR U L J L Q HlokBun@&htésTeK hhilieu hospitalier, les résea H D X
internes doivent étre gérés de maniengirdmiser laprolifération de bactériespportunistes telles
guelegionella pneumophilasurtout lorsque &s plages ddempératuregntre 20°C et 50°Gont
présentes(Health and Safety Executive (HSE), 2013; République Francaise, 2006g)
températures sont souvestiservéeslans les conduites de distributiddfHD X FKDXGH GH Up
non optimisés pour le contréle des légionelgsaux pointsG T X W L O LV D&l piesgncdeX U W R X W\
robinetset douches thermostatés mitigés. Les réglementations récentes visant a réduire les
ULVTXHVY GH EU€OXUHV LPSRVHQW GHV WHPSpUDWXUHV HC
(Corporation des maitres mécaniciens en tuyauterie du Québec (CMMQ) & Régie du Batiment du
Québec (RBQ), 2013b; République Francaise, 2010pD XWUHV IDFWHXUV WHOV TX
biofilm et debras mortsSHUPHWWHQW | OD E& B&\spivilrel atk HIESifdctiphsWw D O O +
chimiques et thermiques ODOJUp OYH[LVWHQFH GH UpJOHPHQWDWLR
OTLQWHUQDW L RI@MHOGHIW D QW DPHROHW UG DQV OHYV UpVHDX[ GTI
de cas de légionellose est rapporté aux Hiais (Centers for Disease Control and Vetion

(CDC) &  Morbidity and Mortality = Weekly  Report (MMWR), 2013)

(Q SDUDOOgOH OD SUHVVLRQ VH IDLW GH SOXV HQ SOXV JU



GIpQHUJLH HQ YXH GI{DWWHLQGUH GHV REMHFWtion/Den§pFRQRF
cet esprit, GHV SURMHW\G CHIDERGIFEMLHHOV TXH O flopversQébD WLR Q
restreinf de robinets a activation électroniques et de récupérateurs de chaleur pour préchauffer
OfHDX FKDXGH SHXYHQW I@arUelcoi@rblé)dedd&gidhelléd Bhveffet phidd W L
TXH OTLQVWDOODWLRQ GYDpUDWH XU VdRr&duBdh corkdhin@tiohVV j Gpl
eneau FHV SRL QW \heG&nhafitidntS IOVXIMMBCRY® efficace. Les robinets électroniques

sont aussi plébiscités car ils permettent de réduire drastiquement la consommation en eau et évitent

le contact avec les mainSependantHQ SOXV GH UpGXLUH OH WHPSV G{XWL(
du robinet a chaque utilisatioifs sont plus onéreuxt @écessitent des réparations plus fréquentes

gue les robinets classiqueasl que rapporté par le personnel technique de plusieurs hapitaux
'"I{DXWUHV PHVXUHVY WHO OfDUUrW GH OD SRPSH GH UHFLUFX
sont parfoigpermisegCorporation des maitres mécaniciens en tuyauterie du Québec (CMMQ) &

Régie du Batiment du Québec (RBQ), 2013a; DVG¥rman Technical and Scientific
Association for Gas and Water, 2004ourtant cette recommandation entraine une baisse
LPSRUWDQWH GH OD Wnidiéhsuyne panodéde plubleu@siHedes, germettant une
prolifération deLp dans une eau dont la température chute rapidement entre 30 eL.d@Lie

le niveau de Iégionelles dans le réseau dépasse un catalirG { D Faui lv&i® selon les pays

mais qui se place généralement autour de 1000 URCdst conseillé de prendre des mesures
correctives pour réduire le niveau de contaminatRarmi ces mesures,peut étre conseillé de
UpDOLVHU XQH GpVL Q@GsHFNIURMQGW KO HPHUXEBD IR QVECEH GX FI
GIDWWHLQGUH Xeftdd teivpdaterg UBRADXIIKHH SRLQW GIXWLOLVDWLRC
minutes./D PLVH HQ SODFH GYXQH FKORUDWLRQ FKRF SHXW DXVV
50mg/lLSRXU XQH GXUpH GTXQH KHXUH DYHF XQ UpYHegdtk HO GH
and Safety Executive (HSE), 2013) {DXWUHV GpVLQIHFWDQWY SHXYHQW rWw
DXVVL rWUH pOHYp SDU OfXVDJH GH VRXGH MRepgubkolig XQH YI
Francaise, 2010}es mesures nécessitent adigbeble une information aux usagers et un ringage

important.

Malheureusementalprésace deégionellesGDQV OHV U g¥sdlvErit aseeDevidence
ORUVTXTXQ FDV VH UpYgOH DX VHLQ GafablSteripérat@e/d® § HHDWK SO D
chaudeou de périodes prolongées requises pour obtenir la température désrdentaussi étre

utilisées comme un indicatedie conditionsdéficientes de circulatiorGDQV OHV UpVHDX][



chaude Dans les deux cagne investigation au niveau des températures en sortie du cbauffe

HW DX[ SRLQWYV GIXWLOIGYMLWHR® HNVWUQP ANVWHRWHXDJIVY Q ULVT
SODQ GYDFWLRQ SRXU UHPpGLHU j @ Bstviecessabe/dé guantifiar oG D U G
présencen légionellesG D Q V l@dgteLtti®n et lguantificationpeuvent étre faitgsarmétrode
decultureou par méthode moléculaire, soit la quantification par réaction en chaine par polymérase
(PCR). La meéthode de culture est celle utilisée dans la plupart des réglementations et
traditionnellenent utilisée en milieu hospitali¢cee et al., 2011)Elle permet de dénombrer les
bactéries cultivablesur un milieu de culture sélectifpais bactériesviables non cultivables

(VBNC) ne sont pas détectées par cette métHoolertant, cerimes conditionprésentes dans les
UpVHDX[ GH GLVWULEXW LR Qtette$ i¢ Inindbéldé nLUiD&ERS du B bidgsertel Q W V
de désinfectantpeuventprovoquer un état de strespour les Iégionelles qui deviennent non
cultivablesmais qui, au retour de conditions plus favorables, peuvent retrouveulguabilité et

leur virulence (Li, Mendis, Trigui, Oliver, & Faucher, 2014Pe plus & méthode de culture
nécessiteplusieurs jours avant de pouvabtenir des résliats confirmés La méthodegPCR

permet & dénombretoutesles bactérieprésentesncluant les VBNC Ces méthodes offrant des
avantages et se complétant bien, elles ont toutes les deux été utitinédse cadre des travaux
présentés dans ce mémolgant donné les ressources financiérdsigtaines qui sont nécessaires

j OD GpWHFWLRQ GHV OpJLRQHOOHV OfXWLOLVDWLRQ GH
température est beaucoup plus avantageuse pour cibler les secteurs a risque et ainsi mieux orienter
les mesures de légionelldansFHV JRQHYV SOXV VXVFHSWR&aOH BopdieWUH FR
al., 2016)

Ce mémoire présente les résultasecherche obtenus par le biapW X GHYV TXL RQW pWp |
parallele au sein de deux centres hospitaliers universit@iees le but de réduire le risque de
développement des légionelles, le fonctionnement des systémes hydragtaiuglacé au centre

des investigationdJne approbeen entonnoir (du plus général au plus local) a été choisie pour le
contrble des températures. Le suivi des températures en continu a permis de cartographier le
systeme et ainsi de repérer les zones de pertes de chaleur et de problémes au niveau de

O kugjue. - WLWUH GYfH[HPSOH OfYLPSDFW GYpTXLSHPHQWYV G|
OfpWXGHMFDEHKHHQW HQWUDVQHU GHYV PpODQJHV HQWUH OH
RX GHV LQYHUVLRQV GTpFRXOHPHQW HHUXULWPRYNVHW S@XPFENOF
présentéles caractéristiques physid KLPLTXHV HW G{DXWUHV SDUDPqQWUHYV



type de robinet, type de raccordement)aurgsiétéconsidérés commuossibles facteurs favorisant

la prolifération de_p.

OBJXECTIFS.

Le projet de rechercheepour objectif de compléter les connaissances sur le contréle des légionelles
dans des grands batimenggistants SDU OD JHVWLRQ GHV WHPSpUDWXUHYV
GpWHUPLQHU OYLPSDFW TXH S HxhyttapijudsYrReldévdtdgpemedtld® V p T X |
ces bactéries

Les objectifs spécifiques du projet sont

ldentifier OHV JRQHYV D\DQW XQ SRWHQWLHO GYDPSOLILFDWLR

fournir aux hopitaux une analyse de risque microbiologique

- Quanifier OTLPSDFW G pT XL S HesH@GEWY roBipdts] Eyatdaté Xé douche et

pompes de recirculatiasur le systeme hydraulique

- Proposer aux hoépitaux des méthodes durables de traitement et de contréle de la qualité

microbiologique adaptées a lelmssoins et leurs spécificités

- Suivre les évolutions de positivité ergionella pneumophildlGDQV OH UpVHDX GYHD
VXLWH j OD PLVH HQ °XYUH GH FHVY PpWKRGHYV

PLAN DU MEMOIRE

Ce mémoire se compose de quaBB« DSLWUHYV /H SUHPLHU urKievBeé déd H HV W
littérature qui présenties connaissances généraleslawrontamination en légioneltes grands

batiments, sur les contraintes en milieu hospitalier et sur les leviers dont on gisposemoment

pour controler les Iégionelles dalssvV UpVHD X[ G §H D XixierdeDckapitte présetad
PPWKRGRORJLH FKRLVLH SRXU DWWHLQGUH OHVY REMHFWLIV (
FKDSLWUH HVW FRQVWLWXp GH OYDUWLFOH BYibingien&/LILTXH
Environments. /{1 DUWLFOH LOOXVWUH OD PpWKRGH HW OHV DFWLF
hépitauxétudiés pour atteindre les objectifs spécifiques cités plus haut. Le quatrieme chapitre décrit
OHV UpVXOWDWY REWHQXV GDQV Gsjoh 3iiv\testornéed. e bityuiéie G p Y H
chapitre inclut une discussion finale, €&8LPLWDWLRQV GH FH SURMHW HW OHYV



Un article a également été placé en annexe/@IQWLWXODQW 3&RPELQDWLRQ RI
Enhanced Thermal Regime to Control the Growth of a Persistgmnella pneumophil&@ WUDLQ’
publié en avril 2016 dans la revue Pathogeascandidate a participé a la récolte des données et a

la mise en forme deertaines figures.



CHAPITRE2 5(98( '( /,7%5%$785(

Ce chapitre commence par une présentation générale de la blaetgoieella pneumophilat de

VRQ pFRORJLH GDQV O H UiV pav thB ptger@aficth 0ed FIKISRAHVD QFH GH V;
présence de légionelldans les grands batiments et les coltpguéengendreune contamination

du réseau Cette premiéere parti@st suivie par une description des facteurs influencant le
développement ddp dans OHV UpVHDX[ G 1 H DetniérekprieG ptésenta les
réglementatios qui existent O L Q W Hjua@tRu\hivBatkx Bedcontamination microbiologique

SXLV OHV OHYXHHUO TR DEWWRBQW SRXU FRE@EWhelesHU OH GpYHC

2.1 Les légobnelles: un probleme persistantau sein des grands batiments

Les grands batiments en général sont musceptibles da contamination en l|égionelles,

notamment par la complexité de leur réseau.

2.1.1 Ecologiede Legionella pneumophila

Il existe une cinquantaine de variétés de bactéegsnellg dontLegionella pneumoptal Cette
bactérieest ure bactérieSDWKRJgQH RSSRUWXQLVWH TXH ¢R@OHWUR XY
(Fields, Benson, & Besser, 200p SHUG VD YLDELOLWp PDLV VXUYLW TX
température de 70°(Katz & Hammel, 1987) Legionellaa aussi été retrouvée dans des eaux
SRODLUHYV DO O pcamalhi XNestasi] Ganfilga, Foronda, & Pellizari, 2008)sque

soumise a ces températures extrérmpse peut plusroitremaispeutreste viable. Elle entrelans un

étatviable mais non cultivabl@/BNC), qui lui permet de survivre dans des conditions difficiles sans
toutefois se reprodui@®@liver, 2010) Sous des conditions plus favorablep peut redevenir cultivable

et croitre a nouveallegra et al., 2008)Les légionelles sorgurtout retrouvéedans les systemesl

OfHDX HVW SOXV FKDX&thdirXx@ HDWXWHECEM FAHQ@BLVWULEXWLRQ G
(Arvand, Jungkind, & Hack, 2011es spas et bains tourbillonna(@sousseau et al., 2018) les tours
aerarefrigérantes(Dondero et al., 1980; Levesque et al., 2014gionella est majoritairement

retrouvée dans des eaux avec un pH compris entre 5.5(&ti8rinans et al., 1981)ne étude menée

par S. M. Katz montre une baisse de 6 logkatgonella pneumophilan un mois a un pH de 8. A un

pH compris entre 2 et Begionellane survit que quelques minut@g&tz & Hammel, 1987)

Legionellavit en symbiose avec deprotozoaires libres, dont notamment 14 espéces différentes
G 1D P (Felds/et al., 2002} a survieddp HQ OYDEVHQFH 6&tpel dRUMENEEBEe U H V



association entre les deux especes pernheg@nella pneumoptdlde mieux se protéger des stress
HQYLURQQHPHQWDX[ QRWDPPHQW GHV GpVLQIHFWLRQV FKLPLT
lorsqueLegionellaHVW SURWpPJpH j O ADdeHNOUL, HDXrdarG EbwO § OW/ard, 12013;

Fields, 1993) /RUV T XH S O D HXH j GO KLIHN D-BEkisdbe \Mel§ibhdIR Breumophilpeut

aussirésister a un choc thermiq(®torey, WinieckaKrusnell, Ashbolt, & Stenstrém, 20Q4)ans les
FRQGXLWHYV GH G leg Wdibh@&lexc\®H R QHQ@YWH IV Xuiofiv/ guiUedriprobuXe une

défense supplémentaire etut fournit les nutriments essentielsléur développement. De par la

protection et le confort aqule biofilm offre, Legionellaa tendance a se trouver en plus grand nombre
GDQV OH ELRILO PeduxRagedd, BawsetiGDeqnis, ek, & Keevil, 1998 effet, il est

estimé que seulement 5% de la communauté microbienne se trouve emghass€éWingender &

Flemming, 20@). Le reste se trouve donc dans le biofilnT XL SHXW DEULWHU GY{DXWUHYV
telles queSalmonella TyphimuriunfArmon, Starosvetzky, Arbel, & Green, 199Te contrdle du
GpYHORSSHPHQW GX ELRILOP UHSUpVHQWH GRQF XQ HQMHX FD
été isolés comme favorisant le développement du biofilm, parmi eux figergpe de matériau, la
WHPSpUDWXUH GH OfHDX OD SUpVHQFH GH G (EYdigdddinESeth,Q W HW
& Biggs, 2008)

2.1.2 Les légionelles dans les établissements de sante

Les grands batiments, a cause deH®R PSOH[LWp GH O HXdmutpkiteRixs @hts D X HW
GIXWLOLVDWLRQ VRQW Y XGQameIBsDo plus, jesibpitaBretRe@tlispathbay LR Q G H
GH VRLQV GH VDQWp GH ORQJXH GXUpH &+6/'" KpEHUe&KEQW GHV
raison de leur vulnérabilitéll est fréquent de retrouver des échantillons positifs Leigionella
pneumophiladans les hépitau§Colbourne, Pratt, Smith, Fishetoch, & D., 1984; FisheHoch et al.,

1981; Kanamori, Weber, & Rutala, 2016; Leoni et al., 2005; Marchesi, I. et al., 2011; O'Mahony et al.,
1990) En France, en 2000, 35% des établissements avaient réalisé des analyses de risque de
légionellose (Haut Conseil de la Santé Publique, 2002)ni ces batimentd40% avaient effectué une

recherctH GH FRQWDPLQDWLRQ HW G HQW U H 3WRGMLY PoutdQ W GHV
nombreuxcas, lestoursGH UHIURLGLVRXPOIKQW\ VO HREXGH GLVWBHIMSXWLRQ (
en causel.a bactérid_egionellg lorsqueprésente dans le réseau de distribyttaniseplus de la moitié

GHV pSLGpP Ledwauz EksVnis € P00R010(Centers for Disease Control and Prratien

(CDC) & Morbidity and Mortality Weekly Report (MMWR), 201.3)



Legionellaest responsable de deux maladieKH] OfKXPDLQ OD ILgYUH GH 3RQWL
Cette derniére présente les mémes symptdomes queelanpnie maientrainedes taux éleves de

mortalité, surtout pour les cas nosocomi@Bartram, Chartier, Lee, Pond, & Surmbaee, 2007) Il

existe certains facteurs de risque connus comme lelefagexe et les antécédents de fumeur
(Gouvernement du Québec, 200D TDOFRROLVPH RX HQFRLaHnaafik helpeuRLY XOD
VH FRQWUDFWHU TXH SDU L QKd@gtmerEar exem@ddd mieRly dri GolinetRIQ WD P L
pommeau de douche ou de la climad W L R Q inHdRat) EsT 2€fpsols contaminés ep peuvent

atteindreles alvéoles pulmonaires @évelopper une infecticaivec ungériode G L Q F Xde R AVIDR Q

jours. 7HO TXTLOOXVW lemoshbréde©das Yk Exichell@aex EtatsUnisa quadruplé entre

2000 et 2014Centers for Disease Control and Prevention (CDC) & U. S. Department of Health and

Human Services, 2016)
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Figure2.1: Nombre de cas rapportés de Iégionellose aux-Ehaits entre 2000 et 2014 tiré (@eners

for Disease Control and Prevention (CDC) & U. S. Department of Health and Human Services

Cette augmentation du nombre de cas estmotent dugg OfDPpOLRUDWLRQ GXl& XLYL GF

était peu répertae et peu connue il y a encore quelques années

,O QYH[LVWH SDV GH GRYV Hegignela-pieumropildHl exiRt€) c@pehdaBtRIZsU
UpVXOWDWY FRQFHUQDQW XQ OLHQ HQWU KBrond eGaR M999B TH[ SRV
etuQ PRGqOH GH ULVTXH D pWp GpYHORSSp SRXU SUpGLUH OTfH
douche(Schoen & Ashbolt, 2011)



2.2 Facteurs influencant le développement deegionella pmeumophila

Suite aux différents cas de Iégionellose déclarés dans les hopitaux a travers le monde depuis
OfpFORVLRQ | 3WBOhsadreigicwdinftu@ncant le développement de la bactérie

ont été mis en lumiere.

2.2.1 Le régime thermique et hydrauligue GHV UpVHDX[ GITHDX FKDXGI

Les régimes thermique et hydraulique sont intimemenalié@veloppemet des Iégionelleslors

GIXQH VWDJIJQDWLRQ ODGMMBRSpYDQUXNHL @ H XG\H FXBGMMp Y H Q
OfLVRODWLRQ (=M 2012) EaR&) @mxpeidtite correspond a la plage optimale de
développement des légionelldsa stagnationest un facteur important a considérer pour le
développement de la bactétiegionella pneumophildd X VHLQ GHV V\VWqgPHV GH GL\
(Exner et al., 2005; Lev et al., 2006)Dans O pWXGH PHQPpPH, &Btdgndtich@st HW DC
notamment définie comme un des facteurs de développemeergimella pneumophilau sein
GIDSSDUWHPHQWVWOOYWWgPH FHOQWRVLWLYLWp GIK{WHOV
GIK{SLWDX] Gt SBYEWUWL®/H OT2UJDQLYVDMWHI&RED 20RRQGLD O+
DX VXMHW G H eauRiansdds GéthemssoBlignegfie des facteurs comme la stagnates

faibles débits et une faible température peuvent augmenter les risques de contaWelibn

Health Organization (WHO),.1) La stagnation et #aibles débits périodiquepeuvent étre dus

a des bras mortsles conduites trop longues une mauvaise circulatidandis que lemauvais

contrble desempératures pealssiétre caus@ar une déficience du chauf#au ou une mauvaise

isolation (eau chaude qui se refroidit, eau froide qui se récha(\M¥®yld Heath Organization

(WHO), 2011) %LHQ TXH OD VWDJQDWLRQ VRLW VRXSORQQpH ¢
GpYHORSSHPHQW GH OpJLRQHOOHV XQH pWXGH GH ODERUD\V
GpPRQWUHU TXYTXQH SO XWL_péthd g¥SehtefeRugiatgiv | ZDet\al ,RADEH Q

En fait, il a été documenté récemment que ce sont les fortes variations de débit et un écoulement
irrégulier qui étaient favorable aéveloppement @in biofilm plus compact et résistant, avec une

plus grande diversité bactérienii@outerelo, Sharpe, & Boxall, 2013) fiypothéseémise par Liu

et al.est qued présencecH SpULRGH QGUrpueRtXawddse He@wwoppement du biofilm

HQ U D uwvgRiQgr@rfitaux de transfert de masde nutriments vers le biofilr(Liu, Z. et al.,

2006) Au contraireunestagnatiorcontinueSRXUUDLW OLPLWHUeQlBnatne@VLWp G
nécessaes au bon développement du biofilfiiu, Z. et al., 2006) La majorité des études
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VIDFFRUGH Q Wes jpdaddesHdsTagidtiocdomodifient OD TXDOLWp PLFURELHQQ
(Ciesidski, Blaser, & Wang, 1984; Lautenschlager, Boon, Wang, Egli, & Hammes, 2010; Manuel,
Nunes, & Melo, 2010)

En ce qui concerne les températuf@dd O Ta@eXIusiKursp W X GHV Yt$lr eFar gue id

maintien de hautes températuess bénéfiqueontre le développement degionella pneumophila

(Blanc et al., 2005; Darelid, Lofgren, & Malmvall, 2002; Ezzeddine, Van Ossel, Delmee, &
Wauters, 1989 Cette méthode est aussi préconisée par la World Health Organizatiomsgiilleo
demaintenr OfHD X FKDXGH j SOXV GH f& HW GptusldamsUeHréselal F X O H L
(World Health Organization (WHO), 2011)3DUHLOOHPHQW OfYHDX IURLGH C
température inférieera 20°C. (QILQ OfT$PHULFDQ 6RFLHW\ RI +HDWLQJ
Conditioning Engineer§ASHRAE) conseille depuis 2011 de conselde XQH WHPSpUDWXU |
moins 60°C en sortie du chauffeauet | f& ] WRXV OHV SR(BORMEHBRAEXWLOLVI
2011) Ces températures ne permettent pas toujours de régler les problémes de présence de
OpJLRQHOOHYVY FDU OYHDX FKDXGH QH VH UHQG SDV IRUFpPHC
de bras morts ou de problémes hydrauliqianc et al., 2005 CependantO 1D XJPHQMW DWLRQ
températur@engendraine augmentation de la consommation en énergie au niveau du erewffe

etpeut augmenter le risqaee brlluresles usagerses personndssplus touchéspar les brilures

par OfHDX FKDXGH VRQW O Henfaats devhiviQsQlel ¥ algidp ¢L€ 2HnMutesH V

XQH HDX GH f & VRLH@&hfahHoIt Krul& a7 d SgrRePs hirfude§ pour un adulte),

ce temps est réduit a 2 secondes pour un eafane tempétare de 60°Q5 secondes poum

adulte). Aux EtatdJnis, cette inquiétuderend une grande placé température dans les hopitaux

HVW OLPLWpPH j f& DX[ SRLQ\Cent&yB\Dikeate\Cornwdl &1Q Pvestixn. V
(CDC),2003)AX 4XpEHF VXLWH j GHV GpFqV GH SHUVRQQHV kJpHV
une REOLJDWLRQ GYREWHQLU XQH W Hifagpdiids \at XidheheB BeisfeB OH G |
établissements de soins et les résidences pouraiésmise en plad€orporation des maitres
mécaniciens en tuyauterie du Québec (CMMQ) & Régie du Batiment du Québec (RBQ), 2013b)

A cettefin, des dispositifs de régatlon de la température sont installés sur les robieetss

douches Cette pratique peut entrainer des risques accrus de contaminatibagparellades

pommeaux de douches et des robinets en raison des tempég@emas, Taylor, Fitzgeorge,

Bartlett, & Barrow, 1982; Feazel et al., 2009)DQV O fpW X G HP.FDeknit @W. 932, I8 D U
WHPSpUDWXUH DX[ SRPPHDX[ GH GRXFKH HW DX[ URELQHWYV
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suppose que ces températures favorisent le développement spécifigaggotiella pneumophila

Enfin, I TpWXGH GpYHORSS mh2&Lb sLppos2 Nue I rhidiMtidh Geul de la température

QH SHUPHW SDV G{HVWLPHU FRUUHFWHPHQW OH ULVTXH OLPp
facteurgVolker, Schreiber, & Kigmann, 2016)

2.2.2 Les matériaux

Le choix de matériaux de plomberie a évolué selon les &gkm les découvertes réalisées et les
usagesles matériaux naturetslsque la jute, le cuir, le caoutchouc naturel et le liéggent plus

largement utilisésM XV T&X fjyecertains cas de contamination microbiologig@eH O $eH D X
déclaren{Burman & Colbourne, 1977; Schoenen, 19&9s les années 5@sl plastiques se sont
beaucoup développés pour leur poids, leuifecLWp GIfXVDJH HW OHV PXOWLSOH'
prendre. SBRXUWDQW GHV LQTXLpWXGHYV TXDQW j OHXU FDSDFLW¢
commenceé a étre soulevées dans les anné@undan & Colbourne, 1977Pe facon indirecte,

les matériaux sont capables foernir descomposéorganiques favorisant le développemeat

bactéries soit par relargage ou par exposition a la s @atieourne, 1985En plus de représenter

un support pour le biofilm, certains matérigpeuvent altéree golt, @feureta FRXOHXU GH OfH

Le latex et les plastiquemt été rapportés comme étahis facilement colonisablger le biofilm

(Colbourne et al., 1984; Rogers et al., 1994)s de son expérience, Rogetsl. ontobsené 20x

plus de colonisation ebegionella pneumophildy XU OH SRO\pWK\OqQH TXH VXU O
MRXUV DSUqV Olegiogndladaddd &/ hidlilgy Le tatex contient des nutriments qui
encouragente développement des bactéries et possede un pouvoir de colonisation 129x plus
important que le veerpourLegionella pneumophiléRogers et al., 1994Rogerset al.ont aussi

mis en lumiee le relargage de carbone par les matérialex latex, éthylénepropyléne et
polyéthylene ont en moyenne relargué 150 mg C/L en 3 jours par rapport a 3 mg C/L pour le verre.
3RXU OH PRPHQW OfHIIHW SUpFL\e@dnalla paimophilacsXpey HW G)
compris En 2006, le Royaura@ QL D L QW HU G LW 1@ N APyERQ End/rhdh GnédbeH

(EPDM) pour la fabrication de tuyau tressé flexifiealth Facilities Scotland (HFS), 200Qks

Q XWULP H@egaye atsafrugositéen font selon la Water Regulation Advisory Scheme
(WRAS), unesurface trogavorable SR XU O fLQV W D Oeps|Lde @a@riauEniodfid |1® P
FRXOHXU HW O {\WaikHRedul&iths AfuisbrX Scheme (WRAS), 2008¢ type de
PDWpULDX D GHSXLV pWp UpDXWRULVp WDQW TXH Of(3'0 XW
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(Water Regulaons Advisory Scheme (WRAS), 201 8ur le terrain, Colbourne a montygeseul

le remplacement de tous les composants en caoutchouc des robinets et douches a réussi a supprimer
Legionella pneumophildans le systéme de fagon durafflelbourne et al.,984). La souche de
Legionellapneumophilaetrouvée sur ces composesétait la méme que celle responsable de la
maladie diagnostiquée chez des patieBts.regle généraleOH ODWH [ -podylehe it @q QH
polyéthyléne ne sont paes matériauxecommandépour les équipements hydrauliqu¥sL O TR Q

souhaite minimiser le développement du biofilm eLegionella pneumophila

Le cuivreest aussiin matériau utilisé pour les conduites dans les établissements désanigre

a despropriétés bacéricides qui a certaines concentrations, peundre les Iégionellesnon

déectable par cultur€ependantO fHITHW GX FXLYUH SHXW, teWjueHappbitc OHP HQ
dans un systées ou,les concentrations én pneumophil&@taient les mémes polercuivre, O fL QR [

et le polyéthylenaleux ans aprés la mise en fonction des conduites en c(wame der Kooij,
Veenendaal, & Scheffe2005) Il estsuppog que la fonction inhibitrice du cuivre a été réduite par
OfYHIIHW GH OD FRUURVLRQ

223 Les SRLQWYV G foeweur@mirdnvgmdn)

Le type de SRLQWYV G TeX ur GGhwr@anéeiméneuvent influencer la prévalence de
légionellHY GDQV OYHDX

TRXW GYDERUG OD IUpTXHQFH GTXWLOLVDWLRQ GX URELQHMW
pas utilisé entraine une stagnation prolongéegutfavoriserle développement de biofilm. Situé

a proximit¢ GIXQH FKDPEUH RX GYXQH JRQH j ULVTXH XQ URELQ
contamination du réseau alentoune étude développée par Rhoatal.en206 PRQWUH OfYLPSD
de rincages plus ou moins fréquents (de 1 a 23 fois par semaine) sur des systemes chauffés a une
température fixée entre 39°C et 58°C sur une période de 15Rimads, Ji, Pruden, & Edwards,

2015) Dans une eau a 39°C.,pneumophilaV{HVW GpYHORSSpH IRLY SOXV G
rincés par rapport aux robinets & fortglisation. A 58°C,L.pneumophilase développait en
PR\HQQH j IRLY PRLQV SDU VHPDLQH TXYj] f& - f& OD I

5 fois moins de Iégionelles en concentration par rapport au robinet peu utilisé. Ainsi, les robinets

peu utilisés représentenn risqueplus important de Iégionelles que les points plus utilisés.
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ID FRQFHSWLRQ GHV FRQGXLWHY GIDOLPHQWDWLRQ GHV SR
MRXHU XQ U{OH GDQV OH PDLQWLHQ G H tu basives ethaweetdHV 8C
illustrée comme une configuration plus a ris¢Rboads, Pruden, & Edwards, 201Ep effet, un
PpODQJH FRQYHFWLI LPSRVH XQ JUDGLHQW SOXV LPSRUWDQ
température de la piece dans la conduite veticaD RUV GH SpULRGH GH VWDJQDW
DOLPHQWDQW OHV DXWUHV URELQHWYV $X FRQWUDLUH GHV F
OH EDV QYLQGXLVHQW SDV GH PpODQJH FRQYHFWLI &H PpOD
plus hauteidéale pour le développement des légionelles. Ainsi, il est souligné dans cette étude que

les efforts de maintien de la température ont un impact réduit au niveau des points distaux lorsque

la convection a lieu dans les conduites verticales.

Le type derobinet est aussi considéré comme un facteur pouvant promouvoir le développement

des légionelles. Les robinets classiques, au design assez simple sootvét@remplacés par des

robinets électronique&quipés de détecteur de mouvemdstpermettent a personnel médical et

aux patientsune utilisation sans contadls réduisent aussi leonsomnation G THHDX UDLVRQ G X
WHPSV GY{pFRXOHPHH WXEOMKM. FRXUMN SDUIDLWHPHQW GDQV >
ressourceg¢Boucher, Blais, & Vive en Ville, 2010Enfin, ces robinets sont thermostatés ou a
températuramitigée et permettentle rencontrer les températures prescrites afin de minimeiser

risque debralures(Institut national de santé publique du Québec (INSPQ) & Gouvernement du
Québec, 2009)

En 2012, une étude a comparé la contamination bactériologique entre robinets manuels et
électroniques GHV pFKDQWLOORQV GYHDX SUpO mofipdienybde® GHV U
augmentation desactéries hétérotrophes aérobi@mtre 13% pour les robinets manuels. Lors de

cette méme étude, 65% des robinets électroniques contenaieegdesella meumophilacontre

35% pour les robinets manugBydnor et al., 2012)Cependant, i été montré que les robinets
POHFWURQLTXHYV GLVSRVDQW GIXQH SHWLWH ]J]RQH GH PpOL
contaminégjue les robinets conventionnelsPseudomanos aerugingsae bactérie opportuniste

se retrouvant dans les systemes deildigion, (Charron, Bédard, Lalancette, Laferriére, & Prévost,

2015) /TpWXGH VRXOLJQ th déri@genirativDeStpkisHgrankdiéidans le premier volume
FIHVW j FHV SUHPLHUV P/ TXH VHURQW H[SRVpV OHV SDWL
conventionnel, le premier 50 mL est souvent rincé pendant que la pecaomake robinet. Cette
iQTXLpWXGH SRXUUDLW IlIzgianelld RpHerivdphildDeWwHEQ &dJ tdbirets
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électroniquesont souvent munide clapets antietour SHX UpV LV W DQeg/dlapetOdhXKV X U H

WHQGDQFH j UDSLGHPHQW VH EULVHU RX j VIREVWUXHU VXL\
OTDFFXPXCDWWRX®HY 3RXU pYLWHU OHVY PpODQJHV HQWUH
de rajouter des clapets supplémentave X U OHV FRQGXLWHYVY GH FRQQH[LRQ GY
SRLQW G TRépundduy ErdM¢aR&)& Ministere de la Santé et des Solidarités, 2005)

2.3 Recommandations internationales HW OHY L H UpourGg D FW L |

contrble des légionelles

231 6HXLOV G{DOHUWH HW GITDFWLRQ

'DQV OH EXW GH PLQLPLVH We@dhelaldy foxbre &4 récormmsidaRaps 8tD U
reglemenrditions sont en place au niveiternatonal.Le Erreur ! Source du renvoi introuvable.r

ésune les différents seuils définis par certains pays europdagisx seuilsont été définis en

Angleterreun seuO GIDOHUWH SODFp HQWUH HW 8)& / HW XQH
microbiologique supérieur a 1000 UFQMealth and Safety Executive (HSE), 2013 plupart
GHV SD\V GplLQLVVHQW OH VHXLO GI{DOHUWH HQWUH HW

a 10 000 UFC/L (Tableau 1). Les&@&LRQV j PHWWUH HQ SODFH ORUVTXH OH
sont atteints sont aussi définis pdf B XWUHV SD\V FRPPH Of$XWULFKH OD )UL
le RoyaumeUni et la Suisse ont défirfAustrian Standards Institute, 2007; DVGW German
Technical and Scientific Association for Gas and Water, 2004; Health and Safety Executive (HSE),
2013; Regiona Assessorato alla Sanita, Ministlsita Santa Dipartimento della Prevenzione, &

Instituto superiore di Sanita Registro Nazionale delle Legionellosi, 2002; République Francaise,
2005)

2.3.2 Hausse et maintien des températes

/IHV WHPSpUDWXUHYV GH OfHDX MR XD Q&% [égiQndlldsOHO FED\WWG B QI E®
SULPRUGLDO TXH OH UpVHDX GH GLVWULEXWLRQ GH OfHDX V
MXVTXYDX[ SRHeQWandGafsty\EReXjtive (HSE), 2013; République Francaise, 2010a)

Cet équilibre du réseau évite les pertes de températurédugtla formation de biofilm dans le

réseauCentre scientifique et technique du batiment (CSTB), 201&y équipesechniques du
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batiment devraient avoir une bonne connaissance du réseau afin de rapidement pouvoir identifier
OHV EUDV PRUWYV HW OHV ]RQHVLaGidibex&Vdes) wadrindaddalons GH FF
LQWHUQDWLRQDOHYV V{DFFR U Gditie ¢ chabffadiidaviaitéte: Daréd énS p U D W
tout temps a au moins 60°C et celle de la recirculation & 55°C dans tésgde(Bédard, Boppe,

etal., 2016) Des pertesGH PRLQV GH GHJUpV HQWUH OYHDX FKDXGH H
étre enregistrées. Afin de maintenir cet écart de température, une miagsem G{pFRXOHPHQW
de 0.2 m/s devrait étre respextians les conduitg€astex & Houssin, 2005Lependant, il est

conseillé de choisir la plus grande valeur de débit entre celle qui permet de limiter la perte de
chaleur a 5°C atelle qui assure une vitesse de 0.2 (@&stex & Houssin, 2005)

Dans le cas ou une contamination serait déclamde désinfection choc est souteequise pour

abaisser rapidement le niveau de Legionella dans le rdseedésinfectiorchocthermique a déja

été utilisée dans plusieurs hdpitauxelle consiste a augmenter la températigeconsigne du
chauffeeau et de faire écouler une eau a cettepérature pendant plusieurs minutes a tous les
SRLQWYV L@ WK Eddthmande une désinfection pendant 30 minutes a 70°C a tous les points

G 1 X \dndisique la Hospital Infection Control Pratices Adivosry Comm({tié€PAC) propose

G 1D X JP H Q WéidturéadDla \WbHi® du chauffau entre 71°C et 77°Eeathcare Infection

Control Practices Advisory Committee (HICPAC) et al.,, 2006HORQ OTRUJDQLVDWL
température devrat W UH PDLQWHQXH OH WHPSV GH ULQFHU WRXV OF
minimum de 5 minuted.a désinfection thermique permet de faire diminuer temporairement la
concentration ehegionella pneumophilmaisdescas de recontaminatiat de développemede

résistance a la températunet étérépertoriegAllegra et al., 2011; Modol et al., 200Dans leur

pWXGH $OOHJUD HW DO RQW PRQWUp TXH OTXWLOLVDWLRQ
DYDLW HQWUDVQp OH Esiante@ RSetpiPati@ BX GX R QR XPFHQWDJIH LF
GH OpJLRQHOOHV VXEVLVWDLW GDQV O HI®i de Sdtteyétude, P L Q X W I
a pourtant été remarqué que les circuits A et D, qui étaient soumis a peu de chocs tloeranique

une chlorationétaient plus susceptibles de faire diminuer le pourcentage de Iégionnelles viables

comparativement aux deux autres circuits, soumis a des chocs thermiques répétitifs.
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Figure2.2 : Viabilité deLegionella pneumophilaérogroupe 1 en fonction du temps, pendan

désinfection a 70°C, tirée dallegra et al., 2011) & KDTXH OHWWUH FRUUF

étudié.

En complément de ces résultaise étude st batiments contaminés en légionebasiontré une
recolonisation rapide des systéemes aprés 2 a 4 semaines de désinfection thermique, a raison de deux
rincages par jour de tous les robinets a une températire €0°C et 70°C(Zacheus &
Martikainen, 1996) 4 XDWUH PRLVY DSUqgqV OH UHWRXU GYXee&i, WHPSpl
OfHQVHPEOH GHV V\VWgqPHV .pWDLW GH QRXYHDX FRQWDPLQpPp
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2.3.3 Désinfectionschimiques

ID GpVLQIHFWLRQ FKRF SHXW DXVVL VH IDILpgtt étrediffiddé GH GH C
YRLUH LPSRVVLEOH GDQV FHGWR»WQ® LWEMH D B[ GENHDEENH-AKWD X5
plusde la difficulté de maintenir la température dans le réseaua IT0CHVW SULPRUGLDO G|
TXH OfTHDX rerkaxcateltemperatureM XVTXj] OTHQVHPEOHpdarHEYfe SRLQ W
efficace Si la désinfection thermique ne peut pas étre eféectwrrectement, il est alors conseillé

de procéder a un choc de chloration, si possible de(lHadthcare Infection Control Practices

Advisory Committee (HICPAC) et al., 20033i besin, une chloration du chaufieau ou du

réservoir peut avoir lieu a une concentration comprise entre 20 et 50 mg/L. Le pH ne doit pas sortir
GH O L QW8 NdatBcarel Infection Carol Practices Advisory Committee (HICPAC) et

al.,2003) /RUV GTXQH GpVLQIHFWLRQ XQ GRVDJH GH PJ / GH FK
moins une heur@Health and Safety Executive (HSE), 2018)la fin de cette heurein résiduel

de chlore de 30 mg/L devrait subsiqtdealth and Safety Executive (HSE), 201QVelle que soit

la ou les méthodes alsies pour la désinfection, une déficience hydraulique prévenant le maintien
GHVY WHPSpUDWXUH HW GRQF OD ERQQH FLUFXODWLRQ GH OfF

concentration en bactérie du systgfaezeddine et al., 1989)

- OfLQVWDU GX UpJLPH WKHUPLTXHntinu@éut Gyssi Ete@lappliguedR Q F KL
GDQV XQ UpVHDX GYHDX GH JU D@esi lsygterRe-£6t dkempt @e\bidlilhh, FDV G
une concentratioren chlore résiduetomprise entre 0.5g/L et 1 mg/Ldoit étre maintenuau

SRLQW G fKealthGubhdvIafdiy Bxégutive (HSE), 2013 complémentarité des 2 méthodes
(augmentation de la température et de la concentration de chlore) a déja fait sesepeepeasis,

entre autres, de ne plus détectet.egionella pneumophildans le réseau concerf@olbourne et

al., 1984) Dans uneétude menée par Muraetal, il a été observé que la désinfection par le chlore

était plus efficace lorsque jumelaaine température plus eée: la mort degégionellesétait plus
UDSLGH HW FRPSOgqWH GDQV XZ3H (Mubexa, ko0t RUYUH 1987 LE& T X
GpvVDYDQWDJH HVW OD QpFHVVLWpP GH GRYV Helib&@eXituebad FKOR U
lieude 4)'TDXWUHYV G p\slgQel ld manarQloraming/éd leodyde de chlore peuventré

utilisés. La monochloramine a déja montré une bonne efficacité sur le contrdle de la qualité
EDFWpULRORJI(Barh, @k (Dda] Bt¥ut, & Bibby, 2014; Marchesi, I. et al., 2012)

Le dioxyde de chlore a été démontré comme efficacelLsgionella pneumophile&d une
concentration entre 0.5 et 0.7 mgMustapha et al., 2015Pourtant, il est aussi souligné dans
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cette étude que ce désinfectant, comme les chocs thermiques a répétition, induisent un état VBNC

qui pourrait faire ressusciterpneumophildMustapha eal., 2015)

L LR QL V D WdrdgeQedt dne Yndthbde de désinfection aussi util{B&ebosa & Thompson,

2016; Chen et al., 2008; Kusnetsov, livanainen, Elomaa, Zacheus, & Martikainen . 20pEge

de concentratioa recommandée eslie 0.2-0.8 mg/L pour les ions cuivret 0.020.08 mg/L pour

les ions argen{Lin, Stout, & Yu, 2011) Cependant, ne étudea montré quda présence de
Legionellaa diminué lorsque la concentration de cuivre a dépassén@/é tandis que la
concentration en argent restait inférieure a OiglL (Liu, Z. M. et al., 1998) Lorsque la
désinfection par ionisation cue-argent est utilisée, il est recommandé de vérifier les
concentrationgn ionsXQH IRLYV SDU VHPDLQH jetOrfeloB p&r drawids WoinRQ HQ |
cibles du system@epartment of Health (DH) & Estates and Facilities Division, 20D6}% échecs

GX V\VWgPH G YL Ra@yensbntalski Qodudéeny BiHAllemagneune baisse drastique

de la concentration ehegionella pneumophilea été obkervée la premiére annéeuivant
OYLPSODQWDWLRQ @GHeQ fineRaQumeédalibh Hea Eoidnigadidn systéme par

Lp a été obsrvée dans les trois années qui ont suivi ont suivielsQ GpSLW GIXQH DXJPHQ
concentration en ions arggRohr, Senger, Selenka, Turley, & Wilhelm, 199%s concentrations
utiliséesétaienttoutefoisinférieures aux recommandations, ce qui explique-patUH O fpFKHF C
leur systéme. Blanc et al. ont rencontré le méme probléi@eyde |€gislation en Suisse qui interdit

de dépasser la limite deOQ.mg/L GJLRQV DUJHQW G(Blent eOd. HIDOS) R WDEOH
récemment, une épidémie de Iégionellose a été reportée auxURisitdans un hopital pour
YpWpUDQYV HW FH PDOJUp OD PLVH Harga déptis GrieXIQdatheGpVLQ
G 1D Q @erhinfan et al., 2015) $YHF XQH FRQFHQWUDWLRQ GH FXLYUH
respectivement de 0.4814 mg/et0.01-0.07 mg/L, tous les robinets testés pour Legionella étaient
positifs. /T K\SRWKqVH G9XQ KgbneNesauxVvian® Euireddem est défendue par

certaires étudeqRohr et al., 1999)De facon générale, les concentrations nécessaires a une bonne
désinfection étant variables et parfois incompatibles avec la Iégislation, il est recommandé de ne
pas utiliser ddacon systématique cette méthode de désinfection dans les hdpitaux qui comptent

parmi leurs patients des personnes immsungprimees (Liu, 1998).
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Tableauw2.1: Actions et risquaassociés a la concentration de Legionella pneumophila selon les différents pays

Concentration

enlLp (UFC/L) Actions Risque associ¢ Pays: Référence
10 : <18 0I—_|VXUHV FRUUHFWLYHV LQGLYLGXH Faible Autriche:(Austrian Standard
patient Institute, 2007)
. . L Faible France (République
Entretien et surveillance réguliers Francaise, 2005)
Si majorité des échantillons négativdeuxieme échantillonnag
i OfpFKHOOH GX V\VW qP HmisglenplaseXd
mesuregle contréle Modéré Angleterre:(Health Safety anc
Si  majorité des échantillons positive considérer ung Executive (HSE), 2013)
1R <1 désinfection du systéme et mise en place immédiate des m
’ de contrdle
Modéré Allemagne:(DVGW German
Technical and  Scientifi
5pHIDPLQHU OD FRQWDPLQDWLRQ H Association for Gas an
Water, 2004)
Réhabilitation nécessaire. MeSUHV G XUJHQ Fk Modéré Autriche: (Austrian Standard
individuellement Institute, 2007)
En absence de cas cliniqueaugmenter de la surveillan
clinique, notamment des patients a risque. Ev@ef X WL O |
du systeme pour les douches et ablutions qui pourraient cré| Modéré: cas| Italie: (Regiona Assessora
aérosols. Répéter fréquemment les échantillonnages sporadiques | alla Sanita et al., 2002)
En présence de cas cliniguesdopter immédiatement ¢
>10°; <10 mesures préventives et curatives. Procéder a une désinfect

Le systéme doit étre échantillonné une deuxieme fois, que
jours apres. Les mesures de contrble doivent étre immédiats
étudiées, incluant une possible désinfection du systéfnb. XV
pFKDQWLOORQQDJHV GRLYHQW rwu

GIXQ ULVTXH IDLEOH

Elevé

Angleterre;  (Health and
Safety Executive (HSE
2013)
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Tableau 2.1 Actions et risque associés a la concentratiobegdgonella meumophilaselon les différents pays (suite)

/IH EHVRLQ GH UpKDELOLWDWLRQ G
échantillonnage

<10 : aucune mesure, examen 1 an plus tard

+10? : réhabilitation dmoyen terme, examen 1 semaine apré
désinfection ou la réhabilitation, examen plus détaillé 1 an &

Allemagne: (DVGW German

température). Informer les malades et leur dowlesr conseils|

3UpYRLU GIDXWUHV pFKDQWLOORQ(

>10%: réhabilitation & court terme, examen 1 semaine apr| Elevé Technical —and  Scientfi
e . NN et Association for Gas an
désinfection ou la réhabilitation, examen plus détaillé 3 1
aprés Water, 2004)
>10%: le dangerdoit étre immédiatement paré (désinfection
UHVWULFWLRQ GTfHPSORL SDU H[ L
nécessaire
Comprendre la cause, informer le personnel de la gestig
OTHBLXYVH HQ °XYUH GH PR\HQV GH Ol ,_ . France(République Francaisg
L . Elevé
en légionelles détartrage, purgdravaux),renforcementde la 2005)
surveillancedes parametres physiques et microbiologiques
Assainissemerimmédiat Elevé Autriche: (Austrian Standard
Institute, 2007)
Mettre en place immédiatement les mesures de décontamin . .
. . o N Italie : (Regiona Assessora
choc thermique ou hyperchloration. Prévoir un deuxi¢ Tres élevé A
. . alla Sanita et al2002)
échantillonnage
Le danger doit étre immédiatement paré (désinfectior Extrémement égihmn?ggle (D;](SW Sggﬂﬁf?
UHVWULFWLRQ GTHPSORL SDU H[ L| . o
. . elevé Association for Gas an
>10¢ nécessaire Water, 2004)
(Q IRQFWLRQ GH ©OdrBdpd® @Qu\chs [BEap @3
supprimer les usages a risque (bains bouillonnants, douch
OLPLWHU OYH[SRVLWLRQ DX[ DpUR . . . . France (République
. L ) . . | Tres élevé .
curatives (nettoyage et désinfection, purgée, montée Francaise, 2005)
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Tableau2.1: Actions et risque associés a la concentratiobegdgonella meumophilaselon les différents pays (suite)

SHVWULFWLRQ LPPpGLDWH GH Of>

(douches par exemple). Réhabilitation nécessaire

Tres élevé

Autriche: (Austrian Standard
Institute, 2007)
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CHAPITRE3 ' e0$5&+( '8 352-(7 'B(&+(5&+(

Ce chapitre permet de présenter la démarche du projet de recherche et sa logique dans le

déroulement des étapesD GpPDUFKH GX SURMHW HVW QRWDPPHQW DUW
hopitaux /fpWXGH GH FHV K{SLWDX[ DX[ SUREOqPHV FRPSDUDE
REMHFWLIV VSpFLILTXHVY GX SURMHW /fHQVHP EQ@HHuEGxHeSURMH
GTXQ VHFRQG HW GH SURSRVHU GHV UHFRPPDQQ@DaWBIRQV FRC
UpJLPH K\GUDXOLTXH HW DX[ DFWLRQV j PHWWUH HQ °XYUH S

3.1 Caractérisation du régime hydraulique: suivi en continu des

températures et des débits

Un diagnosticthermiqgueG X UpVHDX GYfHDX FKDXGH darshed &leg jugéesileD pWp
plus critiques des établissemen®es DLOHVY VRQW DOLPHQWpHV SDU GHV \
indépendants incluant chacun un uffie@eau et une boucle de recirculation. Les systésoes

alimentés parla3V RXUFH G fd¢ aXilleW&digghbstic a été effectué par étapes, en débutant

par la boucle de circulation principale de chacune des ailes, pour ensuite étudier les boucles
VHFRQGDLUHYVY HW HQILQ pYDOXHU OHV SRLQWYV GIYXWLOLVDW

3.1.1 Diagnostic de la boucle principale de recirculation

$ILQ GIfpYDOXHU OD SHUIRUPDQFH GH OD ERXFOH SBULQFLSD(
DLQVL TXYDX QLYHDX GH QepistidsdnténkrO RWER @ RIGWO pMXY HQW L

HW OfpWp SRXU OH SUHPLHU K{SLWDO HW HQWUH IpYU
/H EXW pWDLW GH V{PNINX WU AFXGWDH. WKOKK{ISLWDO j XQH WH
CRQWLQX HW TXH OfHDX UHFLUFXOpH QH FRQQDLVVDLW SDV G
SDU UDSSRUW | OfHDX FRHKW XGIHD Y&RH UV X QWL LS3HpWH JpQpUDOH C

températures dans ceEsean.

3.1.2 Diagnostic des boucles secondase

Apres avoir établi que légempératures dans lesucles principales respectaient fesypératures
GH FRQVLJQH OH GLDJQRVWLF VY Heddhddré&sXdeVehacdn d&sDQV  (
établissements, ou des sondes de température et des débitmetnesnétaiees /fREMHFWLI pW
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de détecter les zones de pertes de chaleur qui ne seraient pas visibles en analysant seulement la
boucle principale de circulatiohes pertes thermiques au niveau des boucles secondaires peuvent

étre calculées de la méme daggue pour la boucle principale. Ce suivi avait pour but de détecter

des zones de stagnation dans les tuyaux, une isolation inadéquate, des vitesses de circulation
LQVXIILVDQWHYVY XQH DEVHQFH GH UHFLUFXODWIleRQun&GHY LQY
hydraulique déficiente suite a des travaux accumulés au fil des ans ou bien encore une intrusion
GfHDX IURLGH /H SODFHPHQW GHV VRQGHV SRXU FKDFXQ GH’
chapitres3et4&HV VXLYLV RQW Sdiddiantoradprd Helich#ldipgde @ridphila

32 &DUDFWpULVDWLRQ GHV SRLQWV GTXWLOLYV

$ILQ GH FRPSOpWHU OH GLDJQRVWLF GX V\VWgPH GTHDX FKD?>
GIXWLOLVDWLRQ D pWapratcigtisatibh ¢uQomeGXML @ W\DIBW VR Q ,HW GH \
JpQpUDWLRQ GTXQ SURILO GH WHPSpUD WoxskcHivid ¥ ppif 2O XDW LR
GHX[LqPH K{SLWDO G RMépt |G Exr&rtdrifatioh 4 DAtaMKdnt permis de relever

les matériaux de raccordem&h OD IUpTXHQFH GIXWLOLVDWLRQ GX URELC
le type de robinet (conventionnel, pédale, électronidies) profils de température qui évaluent la
WHPSpUDWXUH GH OfHDX FKDXGH HQ IRQFWL&daksxion @O XPH p
OfpWHQGXH GHV JRQHV GH SOXV IDLEOH WHPSpUDWXUH ,0V
la température augmentel@température maxiom atteinte. Les recommandations en Angleterre
YLVHQW f& DSUqV PL QXaei a@ivrénFsXitesidebl@sdalttpand Safety
Executive (HSE), 2013/ HV UpVXOWDWYV VRQW GLVSRQLEOHY GDQV OfD

3.3 Prévalence delegionella pneumophila p FKDQWLOORQQDJ
DX[ SRLQWYV GIXWLOLVDWLRQ HW DX V\VWql

Tous les robinets pour lesquels un profil de température a étécétajui ont été échantillonnés

pour la détection dep ont été caractérise€haque établissement a été échantillonné a plusieurs
HQGURLWY GX V\VWgPH DOODQW GHID® TMBWXTXHB X BFRQ QW B Y&
les plus arisque. Chadt pFKDQWLOORQ GTHDX D pWp DQDO\Vp SDU PpW
FKDvQH SRO\PpUDVH TXDQWLWDWLYH T3&5 SDU OH &HQWUH
A4XpEHF &($(4 /HV UpVXOWDWY VRQW GLVSRQLEOHV GDQV O
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3.4 Mise en place de mesures curatives e sSLYL GH OfpYROXWI

contamination enlégionelles

6XLWH j OTDQDO\WH GX ULVTXH VHORQ OHV UpVXOWDWV GH
légionelles, des recommandations spécifiques a chaque étabhssenteété proposées par
OfpTXLSH 8Q VXLYL GH FHV HahyEdhdpitalx. hed gecénnvandafors ©tD F H
lecons tirées de ce projet sont disponibles dans le chapitre 5.
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HIGHLIGHTS

- Unbalanced ydraulics resulted inemperature lossesd increasetegionellarisk
- Adding condary recirculation pumps can lead to local flow inversions
- An investigativeapproachs proposedo improve hot watesystemhydraulics

- Selection of sampling points in unbalanced system should be based on temperature

Legionellacontamination significantly reduced after hydraulic corrective measures
ABSTRACT
Several countries haveromulgated control measures and design guidelines litoit the

proliferation ofLegionellawithin hot watedistributionsystemgHWDS). However, there is little
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information on how t@assess and improexistingHWDS unable to maintain 55°C throughout the
system A 50-year old hot water systemf a 10 storyhospital was investigatedn terms of
temperature distribution and.egionella pneumophilaprevalence. Concentrations df.
pneumophilaverecorrelaedwith the maximum temperature reached at the tap, with a isignif
GHFUHDVH REVH U Edtihudusteihperatufeland flow monitoring was performed on
the overall HWDS, characterizing tipeincipal and secondary horizontaturn loops for all 9
wings, and detailed investigations of gecondary vertical retn loopswas completeth Wing 3.
Results indicated the system inability to systematically maintain desired operating temperatures of
55°C. The deficient hydraulic distributionas the root cause of the pdemperaturenaintenance
througloutthe secondarloops, but éfective devices werasoidentified as playing an important
role in sectorial temperature failura. simple stepwise investigativeapproach was developed to
identify hydraulic deficienciesThe implementation of flow restrictions on ideietif recirculation
loops and increased pumping efficiency was conducted watshort period of 2 monthe/ith no
major systemupgrade These corrective measures resulted baaned systemwith increagd
flow velocities(>0.2 m/s). As a resultthe proportion oftaps achieving5°C within 2 minutes
increasedrom 11% to 74%andL. pneumophilgprevalence decreased from 93.1% to 46.1% after
4 weeks.

Keywords: Legionella pneumophilainfectious disease, drinking water, hot water distribution

system, hydhulic balancing

4.1 INTRODUCTION

Proliferation ofLegionella pneumophilen water distribution systems causes an important number
of infections with high mortality level@Bartram et al 2007)estimated to cost 33 3G&JS per
hospitalization in the United StatéSollier et al., §12) In the United States, between 2011 and

2012, Legionellawas responsible for 66% of drinkivgater associated infectious outbreaks
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((CDC), 2015) The presence dfegionellain hot water distribution systems from large buildings
can lead to environmental quality issues, especially witiéalthcare settings. Immuno
compromised patients and vulnerable population can be expokeditmellavia the inhalation

of contaminated aerosols generated by equipment such as showers, facocetdipgitowers and
toilets(Hines et al., 2014 Premise plumbing from large buildings often provide multiple favorable
conditions for the development of biofilm abhdpneumophilgdBuse, Schoen, & Ashbolt, 2012)
Biofilm offers protection agast disinfection and can harbor amoebas, a growth vectakr.for
pneumophilaFields et al., 2002)The presence of stagnation related to dead legs or inadequate
system hydraulic balancing also reduces the disinfectant efficiency in thes¢Taremass et al.,
2004) In addition, bacteria exposed to sptimal dsinfection and low nutrient environmental
conditions can enter a viable but not culturable state (VBNC). Although undetected by standard
culture methodé§Li et al., 2014) VBNC cells can recover culturabilty when they are provided with
favorable conditions (lower water temperature, loss of disinfectant, presence of biofilm)
(Kilvington & Price, 1990)Garcia, Jones, Pelaz, Millar, & Abu Kwaik, 2007)

Several regulations, guidelines and recommendations identify design, operating conditions and
monitoring freqency required in hot water distribution systems to prevent and control the
proliferation ofL. pneumophilaBédard et al., 2015)Typically, they includecontrol measures

such agnaintainrng D ZDWHU WHPSHUDWXUH « f& DW WKH RXWOHW R
main recirculation loogCentre scientifique et technique du batiment (CSTB), 2012; Health and
Safety Executive (HSE), 2013jurthermore, a temperature of at least 55°C should be maintained
in the HWDS and reached withirnto 2 minutes of flushing at each point of (Gentre scientifique

et technique du batiment (CSTB), 2012; Health and Safety Executive (HSE), 2013; The European
Working Group for Legionella Infections (EWGLI), The European Commission, & The European
Centre of Disease Prenvetion and ContEeCDC), 2011; World Health Organization (WHO),
2011) Extended periods atagnation and the presence of dead legs should be avoided and minimal
water velocity should be maintained at all times within the recirculation pdgésench technical
guideline suggests to define the minimum water velocity as the greatest valuentiBweés and

the velocity required to maintain heat loss below BC&stex & Houssin, 2005; Centre scientifique

et technique du batiment (CSTB), 201Bpwever, the maximum water velocity suggested is 0.5

m/s to protect the pipes from premature wear
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Periodic monitoringis required to confirm that the control measudescribed previouslare
efficientto maintainL. pneumophildoad below action and alert levela European countries like
Austria, France, Germany, Netherlands and United Kingdmeriodic monitoring ot.egionella

and temperature is mandatory with a frequency varying from continuous to weekly or annually
depending on the parameters, the risk classification and the location of the poinfAdigtsan
Standards Institute, 2007; Dutch Working Party Infection Prevention, 2007; DVGW German
Technical and Scientific Association for Gas and Water, 2004; Health and Safety Executive (HSE),
2013; République Frangaise, 201(@Ré¢sults from the periodic monitoring are interpreted against
established target levels that vary between 1 000 and 10000 CFU/L, above which corrective and
preventive actions should be undertaken to reduce the riskfaxftion (Austrian Standards
Institute, 2007; DVGW German Technical and Scientific Association for Gas and Water, 2004,
Government of South Australia et al., 2013; Health and Safety Executive (HSE), 2013; Office
fédéral de la santé publique, 2008; Regiona Assato alla Sanita et al.,, 2002; République
Francaise, 2010ayVhile maintaining temperatures is considered the first line of defense to limit
the growth ofL. pneumophilacomplete eradication is often not possible, especially in systems
already contaminated or where adequate control conditimmsot be maintained throughout the
systemgBlanc & al., 2005; Hruba, 20094 single piece of deficient equipment can influence the

hot water temperature distribution within an entire wing, causing hot water temperature decrease
in those sector@Bédard et al., 2015)

The Legionellarisk associated to a large building HWDS can be evaluated using a temperature
based diagnostic approa¢Bédard et al., 2015)Systems that are unable to maintain control
temperatures at the point of use despite adequeter heater temperatures are considered at risk
and hydraulically deficient. A hot water system that is not hydraulically balanced can lead to higher
flowrates in loops with lower head loss and poor circulation or even stagnation in high restriction
loops. There are few methodologies that are proposed to perform a detailed assessment of hydraulic
deficient areas within an existing HWDS. A technical document suggests the investigation of the
following issues: valve obstructions (leading to stagnation @uaed water velocity within the

return loop), the type of control elements installed, the recirculation pump design/operation or the
lack of balancing between the different secondary flow and return (@@stex & Houssin, 2005;

Centre scientifique et technique du batiment (B52012) Applied investigation approaches are
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needed to identify corrective actions and ensure an adequate first line thermal control for

Legionella

This study presents an investigation approach to evaluate and correct the hydraulics of an existing
hot water system based on detailed thermal monitoring. This approach can be implemented
promptly to obtain required temperatures at peaitase as well as recommended minimal flow
velocities. The objectives of this study were to: 1) identify malfunctgpmiones in the water
distribution network using temperatures and flowrates analysis 2) quantify the impact of unfit
equipment (pump, faucets, showers) on temperatures and flowrates within a sector of the HWDS
3) propose an investigative procedure to idgrand correct the causesiahdequatéemperature
distribution and 4) investigate the effect of distal temperature on the prevalence and concentrations

of LegionellaandL. pneumophila
4.2 METHODS

4.2.1 Description of the study site

The study was conductguiospectively, in akence of nosocomial cases of legionellasia 450
bed healthcare facility in Québec, Canade hot water systemvestigation was conducted using
a temperature diagnostic approdéBeédard et al., 2015 The 50yearold hospital is supplied with

treated chlorinated surface water. The main hot water network supplies water to -sioey10

Wing; Distance

from manifold (m) Manifold Principal F&R loop

Water

‘ | > ® heater
3&5,145m @:ﬁ Aot

- recirculating
4& 6,145 m pump
1,9%6m ——4+——

2,96m ——+—|
9a,22m ———&—
9bh,36m ——+—

7,8Tm —<—| .

i Vertical
... secondary

{ F&R Loop
i (riser)

e Distal points
8,.87Tm OR

Kitchen, 100 m —4— Points of use
Horizontal secondary
F&R loops i
Figure4.1: Hot water distribution system schematic, including pumps location, wing(s) st
by each horizontal secondary flow and return (F&R) loops, distance from the manifold, a

configuration within Wing 3



30

wings and copper piping (type K) is the material used for all principal, secondary and tertiary flow
and returrloops(Bédard et al., 2015 Copper and flexible braided elastomeric hoses are used for
connecting pipes at points of use. Hot water is produced by a steam heat exchanger with a
temperature set point of 60°C. The HWDS has a vertical archiéeativiere the main horizontal

flow and return loop supplies water to each wing through horizontal secondary flow and return
loops, that feed water to between 9 and 21 secondary vertical flow andlostps depending on

the wing(Figure4.1). Thereare 2 to 4 equipments connected on a riser at each floor and each
equipment is connected on the recirculation |@@@dard et al., 2015)A detailed study of the
secondary and tertiary hot water distribution systems was carried out in Wing 3, supplied by 10
risers. This wing was selected for detailed investigation due to recurrerbngglaints about hot

water temperatures being unadly low at the poinrbf-use.

4.2.2 Water sampling approach for L. pneumophila and physicechemical

evaluation

A oneliter sample of water was collected at the water heater outlet and on the principdbiaturn

pipe after cleaning the sampling port wasanedwith alcohol and ultrapure water, flushing for

one minute. at selected points of utilization (showers;dpetated and manual faucets). For points

of use, the first liter of hot water was collectedoi sterile polypropylene bottles from taps and
showersNo prior cleaning or flushingvere carried ouin order to get a sample representative of

the point of useln total, 29 points of use were selected for sampling, of which 17 were located in
Wing 3. Microbiological sampling was conducted once in Wing 3 prior to the implementation of
corrective measures. The water heater outlet, recirculation loop and the points of utilization
throughout the hospital were sampled twice prior to and once 4 weeks fuglothie
implementation of corrective measures. Water samples were cultured according to the quantitative
method AFNOR NF T9@31 Legionella proceduréAssociation Francaise de Normalisation
(AFNOR), 2014) Different volumes of water were filtered through sterile 47 mm diameter and
0.45 pm mixed ester cellulose membeanMillipore, Germany) and an acid untreated sample
volume of 0.2 mL were plated on GlycHivancomycinPolymyxinCycloheximide (GVPC)
selective agar (Biokar diagnostics, France). Before plating, acid treatment was applied to filtered
samples (pH = 2; 5 m). All plates were then incubated at 36 °C for 10 days. Typical colonies that
developed after-40 days were sub cultured on confirmation plates for 2 to 4 days at 36 °C.
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Resulting colonies that developed on BCYE agar, but not on BCYE without cysteire, we
considered as Legionella spp. The Legionella latex test (M45, Microgen bioproducts) was used for

L. pneumophila confirmation. The detection limit for the culture method was 10 CFU/L for both
Legionella spp. and L. pneumophila. Water physihemical pammeters were evaluated for each

tap at each sampling event using 500 mL collected immediately after the first liter. The following
parameters were evaluated-site: pH, dissolved oxygen, free and total chlorine, turbidity and
temperature. Residual and @0 FKORULQH ZHUH PHDVXUHG XVLQJ D 3RFN
Loveland, CO, USA), turbidity with a Hach 2100Q (Hach, Loveland, CO, USA) while pH and
dissolved oxygen were measured using a Hach Npaitameter HQ40d tool with a pH probe

PHC301 and dissobd oxygen probe LDO101 (Hach, Loveland, CO, USA).

4.2.3 Continuous measurements across the hospital and temperature profiles

Temperature at the water heater outlet as well as cold and hot water pressures were rabnitored
all timesby the hospitabuilding managment systerat 5minute intervalsln addition,water flow

rates and temperatures were recordegeiectediocations throughout the system aminute
intervalsusing nonrintrusive portable ultrasonic flowmeter&reyline PTFM 1.0) and portable
datalogger RDX4SD with seltadhesive thermocouples SA1XL (Omega, Laval, QC, Canada).
Water flowrates were monitored between 2016/03/24 and 2016/04/08 on the horizontal secondary
pipe and at the base of hot water risecated in Wing 3.Temperature was monitored at the inlet

of each wing (03/18 to 03/22 and 05/06 to 05/16) and at the base of each secondary vertical flow
and return loop (riser) in Wing 3 (01/10 to 01/16 and 05/17 to 05/22). Alhtiétoring points

were locatd at the lowest building level.he dataloggers had a 0.1°C resolution and an accuracy
of + 0.4% + 0.5°C.

Temperature profiles were carried out between 2012 and 2016 in all wings of the hospital, to

determine the temperature evolution as a function of flushed water and the maximum temperature
reached. The temperature was measured in 250 mirpplylene bottles for the first hdliter, in

500 ml bottles between the first and the second liters, and in 250 ml bottles for the remaining

profiles, or a total duration of 20 min.
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4.2.4 Detailed investigation of shower valves

Trials were conducted from 20/3/24 to 2016/04/08 on 4 shower mitigating valves periodically
allowing integrity breech between hot and cold water systems and one control shower where no
breech was possible. All showers were located in Wing 3, seven floors above the secondary
horizonta pipe and each supplied by different risdfgy(re4.1). In addition to the temperature
control knob on the mitigating valv&igures), the tested showers had separate valves to control
the water supply to the shower head and to the lower fakicetré.

In this type of shower equipment, water flow can be interrupted by closing the lower faucet control
knob and the shower faucet control knob while leaving the mitigating valve opened, thus creating
a connection or integrity breech ieten the hot and cold water systems. Hot water temperature
and flow rate were recorded atntinute intervals at the bottom of each associated riser using
devices described in section 2.3. The temperature was also monitored for corresponding return
pipes ad on the horizontal secondary flow and return loop feeding into Wing 3. During the trial,
the shower mitigating valve was opened from 03/25 to 03/28 (water flow interrupted through the
lower faucet and shower faucet control knobs), and again, from 04@4/G4. The mitigating

valve was closed appropriately from 03/29 to 03/31, although only periodical control could be
ensured after shower usage by patients. Design of the control shower did not allow mixing of hot
and cold water.

4.2.5 Statistical analysis

Statstical analysis (Kruskalvallis and multivariate adaptative regression spline [MARSpline])

were performed with StatisticalO (StatSoft). Culture results for L. pneumophila were considered

as nonparametric. MARSpline regression is a nonparametric analgsiwhich continuous,
categorical, and nominal variables are considered to define a predictive equation with the best fit
between predicted and observed data. The Kroakalis test was used to determine if there was

a significant change in levels of L. pmaophila contamination before and after the interventions,

and to evaluate if there was a statistical difference in level of L. pneumophila between the different
WHPSHUDWXUH JURXSVY 5HVXOWY ZHUH FRQVLGHUHG VLJQLIL
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4.3 RESULTS AND DISCUSSION

4.3.1 Monitoring of temperature in the HWDS

Temperature distribution in the primary and secondary return loops was first assessed to evaluate
the overall Legionella risk. Water temperatures at the water heater outlet and at the main
recirculation loop were monited over a 3veek period (2015/11). Although the mean hot water
temperature was above the 60°C set point (61.1°C + 3.0°C), important temperature variations were
observed throughout the day and continuous monitoring revealed that the 60°C was met only 85%
of the time. As an example, the hot water temperature lowered to 37.4°C during a high demand
event and the temperature remained below 60°C for a period of 30 minutes. In addition, the mean
temperature in the main recirculation loop (52.9 + 0.9°C) did net the recommended 55°C
(Castex & Houssin, 2005; Health and Safety Executive (HSE), 2(M8an recirculation
temperatures below 50°C were alse@tved for secondary horizontal pigBg&dard et al., 2015)

An earlier study revealed that mean hot water temperature after 5minutes of flushing at the tap was
below 50°C (45.5 £ 6.6°C) and more than 80% of sampledta(E&/63) did not reach 55°C after

15 minutes of flushingBédard et al., 2015)n addition, pressure recorded at the principal flow

and return loop prior to distribution into the secondary flow and return levesled the absence

of a pressure differential between the hot water and the recirculation systems. Prior to the start of
this study secondary pumps were installed on the recirculation loop of wings 3, 4, 5 and 6, as an
attempt to compensate for the ladkrecirculation observed in those wings. However, poor water
recirculation in sectors of a large building HWDS is often associated to a lack of hydraulic balance
between the different secondary loops and should be addressed. The use of local purapedn sel
secondary horizontal loops can drive local internal loops, creating flow inversions between hot
water and recirculated water during or in between periods of water usage. In addition, the presence
of a connection between the hot water and the reeiietdiilwater at each point-use Figure4.1)
increased the number of locations where flow inversions could occur. This phenomenon will be
discussed in greater detaibssection 3.3 and is likely one of the reason why temperatures of 55°C
cannot be reached after prolonged flushing at some points of use despite pnoafuntiowater at

or above 60°ClIn light of these results and according to the risk classificatiproaph proposed

by Bedard et al., the principal flow and return loop system was rated at risk, with hot water
WHPSHUDWXUH - f& OHVV WKDQ RI WKH WLPH DQG WKH
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below 55°C. The secondary and tertiary flow aetlrn loops were at high riskyith secondary
return loop temperatures below 50°C in several wings and at the tap after 5 fBédi@sl et al.,
2015)

4.3.2 Detection of Legionella pneumophila in the HWDS

Monitoring of Legionella spp., L. pneumophila and water quality was conducted on the system
(water heater outlet and the recirculation loop) and points of use before the start of the hydraulic
investigation Table4.1). The selected points of use included showers (9), manual faucets (12) and
foot-operated faucets (8), and were located throughout the hospital, with 17 points located in Wing
3. The Legionella population was clearly dominated by L. pneumophila and given the observed
similarities between both datasets, the discussion mainly focuses on L. pneumophila results. High
positivity for L. pneumophila was observed throughout the talspiith maximum bacterial loads
observed in Wing 3. This wing was selected as representative of a hospital sector with poor hot
water recirculation and unable to achieve recommended control temperatures. More specifically,
mean bacterial loads for L. pmmophila positive samples in Wing 3 were more than 3X higher
than in all other wings and all positive samples from Wing 3 were at or above an established action
level of 1 000 CFU/L(Health and Safety Executive (HSE), 201Bhe lower temperature results
observed in Wing 3 also confirmed the presence of weteulation issues. Although the
variability was comparable, the mean temperature was 5.3 °C lower in Wing 3, a trend also
observed for minimum and maximum values. Overall, the prevalence and bacterial load of L.
pneumophila measured in hot water sampfake studied HWDS confirmed the high level of risk

for Legionella proliferation that was assigned based on temperature data (section 3.1).
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Table4.1: Positivity of L.pneumophilgd% or CFU/L) compared to physicochemical results in all wings and particularly in wing 3

All wings excluding Wing 3 Wing 3
Number of samples 26 18
L. pneumophilapositivity 83.3% 100%
Legionella spppositivity 87.5% 100%

Mean | 2*SD | Median | Min Max Mean | 2*SD | Median | Min Max

L. pneumophila levels in positive| 3 s39 | g 525 (3050 |20 15000| 12 211 | 26 970| 5500 | 1 000| 40 000
samples (CFU/L)

Legionella levels in  positive| ¢ 579 | 20 920|5000 |20 | 35000| 12489 |26 757| 6400 |1 000| 40000
samples (CFU/L)

pH 7.8 0.2 7.8 7.6 8.0 7.5 0.4 7.5 7.2 7.8
Turbidity (NTU) 0.38 0.78 0.28 0.04 |2.13 0.3 0.11 0.31 0.21 [ 0.41
Dissolved Oxygen (mg/L) 8.1 2.1 8.1 6.3 10.0 |7.32 1.49 7.1 6.08 | 8.69

Maximum temperature at point of
use

S.D: Standard Deviation

54.9 6.6 55.2 48.6 |59.7 |49.6 5.54 49.4 441 | 54.9
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The distribution of L. pneumophila counts were investigated as a function of the maximum
temperature reached after flushing the point of use for at least 10 minutes (2016/01 to 2016/05).
Figure4.2 clearly shows that the counts are systematically higher betweB&°@and that they
decrease substantially and significantly (p<0.005) for water samples collected at points of use
where maximum temperature exceeded 55°CreMpecifically, the median decreased by 2.1 log
when temperatures were aboveéGbandan important decrease lin pneumophila positivityvas
observedFigure4). According to these results, a relationship between the temperature at the point
of use and the percent positivity can be suspected. Although a decrease in positivity is already
observed betweeB(0-55°C, it should be noted thdahe only two pointsdriving this reduction
observedhad temperatures of 54.6°C, very close to the 55°C cutover temperatioger
positivity for Legionella (72% vs 100%) was also obsem@mperatures above 5543 reorted

in prior studies(Arvand et al., 2011; Marchesi, Isabella et al., 20P6yand et al. observed a
drastic reduction from 87% to 11% in distal positivity for samples where temperature was below
vs above 55°GArvand et al., 2011)In their study, 309 samples collected after a 5L flush were
analyzed, of which 52 were below 55°C. The lower positivity observed by Arvand et al. eould b
attributed to the fact that samples above 55°C included water temperatures up to 70°C, which would
decrease further the positivity. Inetipresenstudy, the highest temperature measured at the point

of use was 60.8°C. Positivity results obtained ingtudy are closer to those reported by Marchesi

et al., who also observed a reduction in Legionella positivity when hot water temperature was above

10°
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Figure4.2: Variation ofL.pneumophilfCFU/L) as a function of the maximum hot water

temperature measured at the tap
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55°C, but to a lesser degr@darchesi, Isabella etl., 2016) A total of 66 samples were collected

after Eminute flush, with 90.5% positive for temperatures between 50°C and 55°C, 63 % for
temperatures between 55°C and 60°C and no positives for temperatures above 60°C. Our
observations and those preusly reported show that thermal control can be an effective barrier to
control L. pneumophila, but needs to be maintained over time in order to observe positivity
decrease below 30¥Bédard, Boppe, et al., 2016)

Figure 4.3 presents L. pneumophila results as a function of the type of device sampled. No
significant dfference was noted in L. pneumophila concentrations when considering shower heads
(9) and faucets (12 manuals and 8 pedal activated). Ten out of 12 manual faucets, all shower heads
and all footoperated taps were contaminated. The median concentratiomsespectively 5200

CFUIL, 5675 CFU/L and 4250 CFU/L. Our results do not indicate an impact of the type of device
on L. pneumophila contamination. However, the system wide contamination and the recirculation
issues present at the time of sampling combtodte reduced sample size for each type of device

make it difficult to conclude.
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Elevated water residence times and stagnation have also been identified as contributing factors for
Legionell growth in plumbing systeni&iu, Z. et al., 2006)Most Legionella control guidance

and regulations specify that deadd and stagnationones should be avoidééustralian/New

Zealand Standard (AS/NZS), 2011; Bédard et al., 2015; Health and Safety Executive (HSE), 2013;
République Francais2p10b; World Health Organization (WHO), 201Ayeas with low flow and
stagnation are favorable to the development of biofilm which can detach during intermittent periods
of higher velocityand turbulent flow occurring during water usage. In headite facilities, a peak

factor of 6 or more can be encountered for water usage during high demand periods such as bathing

time (Bujak, 2010) increasing further the variation between low and high usage periods. Several



39

guidelines suggest to include sampling points furthest located from the water heater as
representative of the risk for Legionella proliferatibased on the assumption that furthest points
correspond to higher water residence t{idealth and Safety Executive (HSE), 2013; République
Francaise, 2010bResults from this study suggested general increasing trend betweén the
pneumophildoad and the linear distance from the manifold, but considerable scatter and weak
correlation were observells shown orFigure4.2, temperatures at the point of use are clearly a
better risk indicator. In this case, the selection of the high risk indicator sites based on their distance
from the water heater outlet may not be justifs&ace the distance was not a good indicator of
Legionella contamination levels. The selection of sampling points located furthest away from the
water heater to monitor L. pneumophila risk may be representative in a balanced system
(République Francaise, 2010b; Volker et al., 20R8sults from the current study gagt that
selection of sampling points in an unbalanced system should be based on temperature rather than

on the distance from the water heater in order to be better representative of the Legionella risk.
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Figure4.4: Evolution ofL. pneumophilfCFU/L) depending on the distance covered by the

water between the manifold and the point of useQR36)

As several factors may be involved in presence of Legionella contamination hottiveater

system, a multivariate adaptive regression spline (MARSpline) statistical analysis was conducted
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to identify the most significant contributors to elevated observed concentrations. The dependent
variable was L. pneumophila culture results and fiblowing variables were included as
independent variables: type of device, maximum water temperature range, distance from the
manifold, dissolved oxygen, pH and turbidity. The resulting equation indicated that temperature
and turbidity were the dominantregictive variables, followed by the type of device and the
distance from thenanifold, witha resulting correlation 0fR0.68. Dissolved oxygen and pH were

not predictive variables. These results also point toward temperature as an important factor to
predict the risk of Legionella within HWDS, and suggest that turbidity should be investigated
further. Based on these results, we hypothesize that overall hydraulic balancing issues of the HWDS
and poor local water recirculation patterns were the main sofitte temperature deficiencies

that were observed, leading to high bacterial loads of Legionella contamination.

4.3.3 Effect of hot and cold water mixing at the point of use on the hot water

system temperature

The presence of unfit equipment was investigatedVing 3 where hot water temperature in
showers was not meeting user expectations. As described in seetircertain types of shower

mixing valves enabled a connection between hot and cold water systems when improperly closed
(FigureS)). It should be notethat such connections may also occur if the faucet return valves are
blocked or defective, which is a commonly reported problem in large buildings. A field
investigation was conducted to measure the extent and impact of a connection between the hot and
cold water at the point of use. Temperatures at the bottom of risers of each targeted shower were
monitored over a period of 2 weelkdgure4.5 shows tenperatures and flow rates observed at the
bottom of a riser when the shower mitigating valve improperly closed (03/26 to 03/30 and 04/01
to 04/03 Figure4.5a, c)or closed (03/30 to 04/01). When the shower mitigating valve was left
open (shower improperly closed), the median hot water temperature was 31.5 °C, with punctual
increases when hot water was used. When the shower mitigating valve was closed, the median
temperature was higher at 39.0 °C. Temperature decrease observed at night was not related to the
closing of the shower valve, but rather to the lack of recirculation that was present in this wing
before the hydraulic balancing of the system. In case gjribydreech between hot and cold water

systems, cold water can flow into the hot water system if pressure differential is favorable, causing
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a decrease of hot water temperature. In this case, cold water pressure measured at the bottom of the
risers was #fjhtly superior to that of hot water (111 PSI vs 109 PSI), thus increasing the risk of

mixing.
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Figure4.5: Temperature and flow of hot water at one of the vertical pipes in Wing 3 duri
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kept closed during period B. Figure 6 shows that one shower has an impact on the t

temperature of the whole riser. Blag#tted line: median.

The effect of fow rate on temperatures can also be observétdgune4.5: in periods of stagnation

(at zero flow), hot water temperature decreases, whereas in periods of use, hot water temperature
increases. Moreover, negative flow rate values indicate reversed water circulation in the
recirculation loop and suggest that realation water is being fed to the faucet. Results from this
local detailed investigation show the large impact a single device can have on the distribution and
maintenance of hot water temperatures in a large section of the HWDS. A single defective device

was sufficient to increase the volume of water at risk for Legionella proliferation, as temperature
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could not be maintained in the vertical risers. Although the estimated water volume associated to a
faucet or a shower is relatively small (10 to 500 mhy impact is observed on a much larger
volume contained within the connecting pipes and the secondary pipes. In the present case, the
impact on temperatures was observed at the lower level of the risers, located 6 floors below the
showers and correspondirto a volume of 6.5 L. These results highlight the importance of
maintaining systems integrity between hot and cold water, even at local points of use such as
showers or mitigated taps. Not only is the hot water distribution systems more at risk forellagio

due to lower temperatures, but the intrusion of hot water into the cold water can also increase the
risk of bacterial contamination and of Legionella proliferation in the cold water distribution system
(Arvand et al., 2011)Thermostatic faucets have integrated check valves that arenligtenance

and are vulnerable due togroquality material. The installation of additional single check valves

on the hot and cold water feed pipes are recommended to prevent mixing of cold and hot water
(Castex & Houssin, 2005)

4.3.4 Impact of the addition of local secondary recirculation pumps

As a first attempt to forceecirculation, the hospital staff installed local secondary recirculation
pumps to force circulation in the sectors with documented insufficient water temperatures. These
pumps were located on the recirculation loops of Wings 3, 4, 5 et 6. Temperatutevanaked
monitoring results showed that the secondary local recirculation pumps induced a local water flow
inversion within the horizontal and vertical secondary recirculation lodpgure 4.6a).
Temperatures werkigher for the recirculating water (45.4 £ 0.9°C) compared to the hot water
(41.7 £ 5.3°C). A high level of temperature variation between usages was also observed(Figure
a, b). As a result and in order to work toward balancing the hot water system as a whole, all

secondary recirculation pumps were removed.
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Figure4.6: Temperatures at the entrance (A & B) and end (C &fing 3, before (A & C) ar
after (B & D) the modifications of the hydraulic system. Temperatures of hot water (blac|

recirculated water (grey) were taken on vertical risers in January an@0déy

The resulting effects on water temperaturesfowl rates in Wing 3 are presentedrigure4.7.

Although the problems of poor temperatures remained in the furthest risers, circulation was
improved at the inlet dhe wing.
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Figure4.7: Impact of secondary recirculation pump shutdown on temperatures in Wing
February 2016. Hot water (black) and recirculated water (grey) temperatures were taken

horizontal pipes.

In order to determine which wing was hydraulically disadvantaged and to assess the level of
balancing required between the different wings, temperature probes were placed on the surface of
the horizontal secondary flow and return loopeath wing. These results revealed a mean hot
water supply temperature of 58.1 + 0.9°C in the hospital kitchen whereas hot water was supplied
to Wing 3 with a mean temperature of 49.6 £ 1.9°C, a loss of 11.5 degrees compared to the water
heater outlet tengrature. These results indicate uneven water distribution between the wings and
suggest that certain loops offering minimal pressure losses (such as the kitchen) can act as a bypass
for a large portion of the recirated water volume. The lack of pressdifferential between hot

water and recirculated water observed points toward the same conclusion. Detailed investigation
of temperatures and flow rates of the secondary horizontal flow and return loops led to the

identification of 15 cm diameter unusececirculation loop. The mean temperatures measured on
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the hot and recirculated water of that loop (52.5°C and 38°C) suggest the presence of water
circulation, offering another bypass for the recirculating water. The unused recirculation loop was
therefore Bminated and the recirculation flow in the kitchen was minimized to force the
recirculation in the other wings. Given that pressure losses are more important in recirculation loops
of the other wings, the restriction in the kitchen helped to induceaetitial of 2 psi between the

hot water and the recirculated water. Despite the observed improvement in temperatures, this
measure was not sufficient to reach recommended minimum recirculation vel(Casex &
Houssin, 2005)Additional corrective measures were therefore impleeteim 2016/05. Efficiency
improvements of the principal recirculating pump and restriction of the recirculation flow for
hydraulically advantaged wings (7, 8 and 9) contributed to increase water recirculation velocity up
t0 0.3 m/s.

Following these immvements, hot water and recirculation temperatures were monitored for each
wing (05/10 to 05/16) and compared to results obtained from 03/18 to 03/22. A gain of 7.6°C in
hot water temperatures was observed in Wing 3 after the first phase of correctiuessiealich

included the closing of local secondary recirculation pumps and the restriction of the kitchen
recirculation (49.6 £ 1.9°C vs 57.2 £ 0.8°C). The second phase of corrective measures resulted in
a higher gain on the recirculation tempereaf) agpresented inrable4.2. A mean temperature
increase of 5.9°C was observed before and after the 2nd phase, and the highest gain was observed
in wings that had the lowest recirculation temperatures initially, suggegéneralized marked
improvement on hot water temperature distribution within the system. Hydraulic balancing is key

to ensure proper functioning of the water distribution system and to obtainecktgrinperatures

to control L. pneumophila at all points-use
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Table4.2: Mean temperature and standard deviation of the recirculated water at the entrance of
Wings 1 to 8 in March and May 2016T represents the difference between May and March for
eachwing. The changes made in the hot water and recirculation systems have led to an average of
+5.9°C in the whole recirculation system.

WING 1 2 3 4 5 6 7 8
1822 455 +[49.7 +/48.3 (446 +£/38.0 +/38.0 +£/520 /504 =+
March 1.6 0.8 1.2 0.6 1.4 2.2 0.5 0.4
10-16 519 +/531 +£/529 + 515 +£/51.8 /525 +£/50.7 /496 =
May 0.7 1.2 0.9 1.1 0.7 1.0 0.9 0.5

a7 f&|+6.4 +3.4 +3.2 +6.9 +13.8 | +145 |-1.3 -0.8

4.3.5 Impact of hydraulic system improvements on temperature up to the point

of use

Following the observedain in water temperatures in the horizontal secondary flow and return
loops feeding each wingemperatures at the bottom of the risers were monitored in Wing 3 (05/16

to 05/22) and compared to temperatures obtained prior to the implementation ofivarrec
measuresHigure4.6). Temperatures results are presented for the first riser into the Migge

4.6a and b) and the riser next to the end of the witigufe 4.6 ¢ and d). The temperature drop
observed on the recirculation water between 05/11 and 05/12 was attributed to a short event with
the recirculation pumpHigure4.6b). As a result of the system hydraulic balancing, the mean hot
water temperature in Wing 3 increased significantly (58.9 £ 0.7°C) and better temperature
distribution was observed throughout theagv Increases of 14°C in hot water and of 8.1°C in
recirculated water were observed in the riser next to the end of theRignigg4.6¢, d).Moreover,

there were nenore occurrences of flow inversions within the secondary vertical flow and return
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loop, with hot water temperature consistently higher than recirculated water tempeifgues (
4.6a, C).

Hot water temperature profiles were also conducted at points of use in Wing 3 to validate if the
observed temperature increases at the bottom of the risers was also reflected at the points of use.
Figure4.8 shows temperature profiles obtained before the beginning of corrective measures (2012
2015,Figure4.8a), after stopping all local secondary recirculating pumps (04/22 to GFAfiite

4.8b) and after the implementation of all corrective measures (OBidure4.8c).
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Figure4.8: Hot water temperature profiles at point of use as a function of volume throug
system changes. a) 202013, n= 45; b) April 2016, n= 39; c) May 2016, n=16fedian; boxe
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An important gain in hot water temperature at the point of use was achieved folloydragilic
corrective measures and results obtained after 4 weeks are encouraging. However, more work is
required to further reduce the percentage of positive points chngéo ensure that reduction
observed by culture translates into a reduction dilgiaelles as wellMonitoring of culturable

and nornculturable L. pneumophila ovethe next year together with continuous system
improvement to reach 55°C at all points of use after one minute will be the next steps to have a low

risk system.

In light of the results obtained in this study, a step approach is proposed to rehabiltettiag
deficient large building hot water system and obtain recommended temperatures to improve L.

pneumophila control:

T (QVXUH KRW ZDWHU WHPSHUDWXUH DW WKH ZDWHU KH

monitoring.
T Eliminate local secondary pumpspifesent in the system.
¥ (YDOXDWH WKH HIILFLHQF\ RI WKH PDLQ UHFLUFXODWLRQ

¥ Measure pressure differential between the principal horizontal hot water feed and the
principal recirculation return pipes; if no prassdifferential is present, investigate for the presence

of loops offering less resistance and offering a bypass for the recirculating water. This evaluation
can be performed through temperature measurements of the hot water feeding the different parts of
the building. Temperature results can be used to identify required hydraulic balancing between the

different sectors of the hot water system.

T Perform balancing through flow restriction devices on the recirculation loops of the sectors
with higher tempeaatures (hydraulically privileged) in order to force recirculation into wings with

lower temperatures.

T Investigate for the presence of dead legs (stagnation areas) or unused loops in the principal

and secondary flow and return loops.

¥ Investigate the msence of flow inversion in each sector of the building through temperature
monitoring at each riser for a vertical architecture or by story for a horizontal architecture to ensure

performance to design.
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T Identify misfunctional equipment or local hydrendieficiencies using temperature profiles
at points of use. Water temperature at the faucet should reach 55°C within 1 to 2 minutes of flow.
If this criterion is not met, the required time to reach maximum temperature and the maximum

temperature obtainezhn be used as indicators to locate the source of the problem.

Hot water distribution systems in large buildings are subject to numerous variations over the years,
especially for healthcare facilities where numerous points of use are present and
renovatims/rehabilitation of building areas are frequent. The system that was designed and
hydraulically balanced originally may become unbalanced overtime as wings are added (increased
water usage and head loss), rooms are converted to offices (change in agéepaitern and
removal of points of use, leaving dead legs), corrosion and biofilm build up and increase pressure
loss overtime. Consequently, reduced water velocity and uneven distribution between the different
sectors of the building will increase resitte time and lead to suboptimal temperatures within
areas of the system (below 55C) or at the point of use. As a result, the system becomes at risk of
Legionella proliferation, leading to high levels of contamination and risk of infection for exposed
individuals. This study documents an investigative step approach based on temperature monitoring
that allowed the balancing of a-§y@arold hot water distribution system that had become unable

to provide required hot water temperature for Legionella conticbhzas faced with a widespread
contamination. As a result of the investigation, minimal equipment changes were required (addition
of flow restrictive devices on secondary horizontal return loops) and results could be observed

within a month from the change

Finally, if temperature cannot be maintained throughout the HWDS up to the point of use because
of improper circulation, thermal control cannot be efficient. Resolving hydraulic issues should
therefore be the highest priority for any HWDS. It is algid@nt that disinfection in that situation
would also fail, as improper distribution will hinder the effective distribution of disinfectant

residuals across the HWDS.
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&H FKDSLWUH HVW FRQVDFUp DX[ UpVXOWDWY REWHQXV ORU\
de santé que celui prése®DQV OTDUWLFOH &HWWH pWXGH D HX OLHX F
/HV UpVXOWDWY RQW pWp SUpVHQWpPVY DX SHUVRQQHO GX Ek\
&HWWH pWXGH D QRWDPPHQW GpERXFKp VXU e BnrigxekEdorit FD W LR
OYDXWHXUH HVW ePLOLH %pGDUG HW GRQW OD FDQGLGDWH F

5.1 Mise en contexte

$X FRXUV G HudHppit pniversitairde 400 litsa identifiédeux cas de légionellose dans
OfDLKOW BH PDOJUp OD SUQPWHIDX[HLEDVQFWUDUMW HMHDUJHQW S
chaude. La souche bactérienne associée a ces deux cas a été identifiée coniragiétaiia
pneumophila$ILQ GH TXDQWLILHU OD SUpVHQFH GH OpJLRQHOOHYV
GIpFKDQWIHODGR® V\VWgQPHV GYHDX FKDXGH LeshVesAletBpdJ HQW H YV
sont révélées positives pour la culture de légionelemi les différentes mesures correctives citées

dans la sectiof.3, une désinfection thermique des deux ailes a été choisie en premier traitement.

La température du chauifel DX D pWp DXJPHQWpH GH VRUWH TXH FKDTXF
pendant un teps minimum de 7 minutes a 70°8.la suite de ce choc thermique, un régime
thermique a été mis en place dans les 2 aleesonsigne du chauffeau a été placée a 60°C une
température de 55°C était visée. De fagcon complémentaire, des ringcages hebésrdadairs les

robinets ont été mis en place sur une base rotative dans les 2 ailggime thermique été

appliqué de facon continuEDU FIHVW OD FRQG Bédard@t &.H20IN\Q colrsLFDFL W
desmoisd RFWREUH HW G Hin@RwWelle &aohphgn& T pFKDQWLOORQQDJHV LC
DXSUqV GH SRLQWY GIYXWLOLVDWLRQ FULWLTXHV DILQ GYp°
désinfectiorthermique La détection dé.p par culture ainsi que parPCR a G | D EER tEalisée

en novembr@014puis en févrieet juillet 2015DILQ GYpWDEOLU XQ SRUWUDLW G

réseau, autant du point de vue des bactéries cultivables que des bactéries viables.
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5.2 Evolution des concentrations enlLegionella pneimophila en
IRQFWLRQ GH OYpFKDQWLOORQQDJH

$ILQ GH VXLYUH OfpYROXW LIRGon&ld YnekRapH&tQisVeampadne&sQV HQ
GITpFKDQWLOORQQDJHV GH Métnaeor4 e 20 5RQullet2B158d HX HQ

échantillonnages onD XVVL pWp UpDOLVpV DX QLYHDX GH OD SRPSH ¢
DOLPHQWDQW OfpFKDQJHXU |j SODTAaiH \de H)\Wiétermiier W2 W L R Q

FRQWDPLQDWLRQ pWDLW SUpVHQWH GgqV OTHQWUpHIXGX V\VW
GRQQpHV GHV SRLQWYV GIfXWLOLVDWLRQ TXDQWLILHU OH FI
robinets. Ainsi, chaque échantillonnageXQ SRUWUDLW JOREDO GX V\VWqgPH

incluant lesesaux chaude et froide a pu étre.tiré

LespFKDQWLOORQQDJHYVY GH QRYHPEUH HW IpYULHU RQ\
DX SRLQW GH SUpOqQYHPHQW 3RXU OYpFKDQWLOORQQDJH Gt
SUpOHYpV DSUQV ULQoDJH GYXQH PL Qtinindtiod ldags |6 fouvhe WH U G
stagnant au port de prélevement mais plutét la contamination dans le systeme de distribution. Le
pointde prAOqYHPHQW GH OD VDO O&éte pdhan@ibinX bl Bémi JeDdt apkes$

rincage pour avoir un point deroparaison avec les 2 échantillonnages précédents

Au niveau des robinets,@ YROXPH GH chaudedalf pt&exéux robinesaul® jet. En

novembre 20149 robinets ont été échantillonnéS D QV D 4&tb kaDikktsGD QV B PesL O H

S R L Q dhantilBfigage ont peu a peu été rajoutés au fur et a mésur@vrier 2015, deux

robinets ont été ajow/ pV GDQVUTtbilet@Hu so s RO GH OYDLOH % FRQQC
contamination élevée, 2 points aux alentours ont été rajoutés en juillet 20 @& &érifier si la
contamination était restreinte a la toilette ou bien élargie aux locaux enviranfiaoss les
prélevements étaient effectués dans des bouteilles stériles contenant du thiosulfate dd%gdium

Le dénombrement deegionellaet deLp D GTDERUG pWp HIIHFWXp SDU FXOW
AFNOR NFT 90431 (Association Francaise de Normalisation (AFNOR), 20T#8tte méthode
GpQRPEUH OHV EDFW p-&dind s Eetl@ed/livaridds ex ldyant R tapedite de croitre

sur un milieu de culture adapté dans les délais prescrits. Les cellules vivantes mais non cultivables

ne sont pas détectées par cettehade. La méthode de qPCR NBO 471 a aussi été utilisée en

parallele (Association Francaise de Normalisation (AFNOR), 201Iptte méthode mesure la
TXDQWLWpLpditediogthVSS SUpVHQW GDQV Eshpdys&SQRTEO ORQ G
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été réaliséeg O 1 D L G3¢n€DisE@&Tycler,avec la plaquéegionellaDUO GeneDisc®. Cette
plaque permetanalyse en duplicata denq extraits d’/ADNa partir d'échantillond'eauet Gufi
contréle négatifun contréleinterned'inhibition pourLp et Legionellaspp est aussi includ.es
amorcestsondeaitilisées sont spécifiées parnorme AFNORNF-T90-471.

La proportion de robinetsositifs pourLp en culture eenqPCR dans les ailés et B sont résumeés
dansle Tableaub.1.

Tableau5.1: Proportion des robinets positifs, de la valeur moyenne et de {tgparpour Lp en
gPCR et culture par aile et par date d'étlannage

Aile gPCR (UG/L) Culture (UFC/L)
Nov. 14| Fév.15 | Jui. 15| Aou. 14* | Nov. 14| Fév.15| Jui. 15
Positif/Total| 9/9 10/11** | 10/11 | 22/26 3/9 5/11 3/11
A Moyenne 31767 | 6445 | 2837 |21200 | 317 27 115

Ecarttype |42605 |5542 |1930 |19000 |687 56 342

Positif/Total| 4/5*** | 4/5 5/7 5/9 2/5 2/5 5/7
B Moyenne 130 800| 27 240 | 40 041| 1700 24000 | 8200 | 13336
Ecart type | 140571 28 571 | 51 264| 1857 43172 | 12038 | 22 736

* Avant désinfection thermique
/ID OLPLWH GH GpWHFW LRé&ecRREilE SBHPFHID QWLOORQ QRQ
/[H VHXO URELQHW VRXV OD OLPLWH GH GpPaHHFWLRQ D pWp

LYDA@EbnnuXQH EDLVVH LPSRUWDQWH GX QRPEUH GH SRLQWYV (
la désinfection thermiqugaassant ainsile 85 a 33%e points positifsComme abordé dans la
section2.3.2 la désinfection thermique a permis de faire diminuer rapidement le nombre de cellules
cultivables. Cependaries résultats €levés de novembre en gqPCR en novembre suggerent que la
désinfection thermique ne parvient toutefois pas a éliminekpesoncultivables.Pourtant la
UpGXFWLRQ SURJUHVVLYH GHVY FRQFHQWUDWLR @¥méerdaVHUYpH
PDLQWLHQ GYXQ UMalde®Iel mainiehie Re rEgirmiet des rincages hebdomadaires,

le pourcentage de robinets positifs reste important. Ces mesures permettent donc de contrdler le
QLYHDX GH OpJLRQHOOHYV GDQV OH UpVHDX PDLV QH SHUPHW



54

Les résultats des concentrationd.@rdétectées aux point& 1 X W L Od_Q PINLARHPrésentes
sous forme de boites & moustache pour la gPCR et la culture

105 | I
10° ¢ ﬂ ﬂ

| N
10" | . i -

November February July February
2014 2015 2015 2016

Figure5.1 : Distribution des concentrations de Lp par méthode de détection git@Rc{air) €
culture (bleu foncedans l'aile A, A= médiane ; boites = 10%0% ; moustaches = mimax; n= 1C
Tirée de(Bédard, Boppe, et al., 2016)

L. pneumophila
(GU/L or CFU/L)

Les résultats détaillgsour chaque @nt sont présentés en annem observe une baisse graduelle

GHV FRQFHQWUDWLRQV PHVXUpHYVY HQ T3&5 GDQV OH WHPSV
OYH[FHSWLR QindokaldRFEEta@QeH WLGG pSDVVH OH VHXLO GIDFWLRQ &
MXLOOHW VXLWH j OfLQYHVWWIDIWLHRWY G H VO R QG W MX\OLLDTW H RGDX
du régime thermique ne sont pas connues. Deux points soBttW VXV G X VéhXPCR GTDOH L
(5° et 7 étage) Le maintien du régime thermique et des rincages hebdomadaires sur une période

prolongée permettent de mieux contrdler GDQV OH UpVHD e Guifde Draduk gab 4 G H
baisse des valeurs obtenues en gPCR

'DQV OYDLOH PbV OB EPHYWHDBNLRQV HQ T3&5 HW FX@WXUH HV'
(Figure5.2). Ces résultats RQW SULQFLSDOHPHQW DWWULEX&pa®DEHY DX[ S
boucle du sousol (3 locaux) et au®4p W D JH ORFDX[ /HV UpVXOWDWYV GH
hydraulique déficiente ne permettant pas de maintenir des vitesses de circulation et des
températures adéquates dans les secteurs échantillomi#sas mort de 30 metres a été enlevé et

des clapets brisés ont été replacés sur la colonne dsa@calsmentant le robinet W.
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Figure5.2 : Concentrations ebegionella pneumophildans l'aile B en gPCR (barres) et culture (cer
mesurées en novembre 2014 (noir), février 2015 (gris fonceé), juillet 2015 (gris) et février 2016 (g
Tirée de(Bédard, Boppe, et al., 2016)

Les résultats sous la limite de détection étaient fixés a la moitié de la limite de détection, soit 10
UFC/L pour la culture et 190 UG/L pourlagPCR4 URELQHW 1 QYD SDV pWp pFKDC

2015 et février 2016 car un filtre avait été installé sur le robinet.

&HV UpVXOWDWY PRQWUHQW XQH LQWHUGPSHQGDQFH HQWUL

bonnes conditions hydrauliques.

53 'LDIQRVWLF GX UpVHDX GTHDX FKDXGH

Les températures de I'eau chaude alinmtéaréseau et de I'eau recirculée étaient enregistrées par
I'h6pital aux 5 minutepour les aileé\ et B au moyen de thermometres a pulits point de mesure

de WHPSpUDWXUH s:Hitie gptdeXhauliéeaxuGapreta valvemitigeur dans le cade

O TDA)@Hcelui sur le retour se situe avant la pompe de recirculatiantempérature
GYDOLPHQWDWLRQ HW GH UHFLUFXODWLRQ GHV ERXFOHV DO
sondes autadhésives Oméga SAL1XL et de datalogger Omega RDXL4®B températures

étaient enregistrées aux 5 minutes pendant la période de'dni@.v OMDQB W XLYL VfHVW IL

au 20 février 201%au moyen dsondesnstalléessur les conduites horizontales et verticales et sur
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OfHDX FKDXGH H¥Mé chayud étdgk.tU FNOODYW LR DTGl VBN ZDBévRér au 10

avril 2015. Cette aile dessert un plus grand nombre de points et est alimentéelpands.
5.3.1 Boucle principale de recirculation

5.3.1.1 Aile A

Les températures en sortie de chagffe etauHWR XU GH OD ERXFOH GAHBODNWWHFLUFX
éteé recueillies entre le 6 et le 26 février 2(A5 sortie de chauffeau, la température moyenne est

de 60,3°G@ 0,28 DORUV TXTHO OHO,BYVdAhsGaboucle fd& recirculation au niveau de

O TridedWchauffeeau. On observe des températures stables qui rencontrent la besfaéles

variationsde température observées a la sortie du chaaifieont lices aO T XW L G WAV L R Q

Brain qui mitigela température d© THD X VRUW B&QE60OEX FKDXIIH

5.3.1.2 AileB

Les températures en sortie de chauf®d X HW DX UHWRXU GH OD ERXFOH GH U
éte recueillies entre le 19 février et le 30 mars 20d%empérature moyenne en sortie de chauffe

eau est d&8,7°C+ 1,8. Bien qued température de recirculatisnit maintenue a plus de 55°C

pendant les premiéres semaines de suive baissesous les recommandatioaseté obserge

pendant une période de pres de 3semain@&D VXLWH GIXQH LQWHUUXSWLRQ SC
envapeur.La température a été corrigée le 28 mr§ XWLOLVDWLRQ GY{XQ VXLYL G
continu est recommand@fin de détecter rapidement une baisse de la température moyenne d
OTHDX FKDXGH H QedirrUaetdurGlellaréccKlatibh

5.3.2 Diagnostic des boucles de circulation secondaires des ailes A et B

5.3.2.1 Aile A

/ID ERXFOH VHFRQABNVWH FRE\ONDWAEBH GIXQH FRQGXLWH YHL
recirculation,qui alimentendes FRQGXLWHYVY KRUL]JRQWDOHYVY GYHDX FKDXGH
40 sondes de températures RPSDUDEOHY j] FHOOHV @&tep\pbs@asthatvh GDQV C
GHV pWDJHY GH OYDLOH $

Le suivi des températures en continu en de multiples poinfBe ERXFOH VHFR@GDLUH C
permis dedress&dJ XQH FDUWH GHV WHPSpU D \(Figuwas.8). DeforiéXduw? GIXQH
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février a été choisie arbitrairemt comme journée typdaucune panne de chaufau ou
GTpYqQHPHOQWMSs wslpicedDIONt représentativesal® DALeD Hntier, erois moments

différents dda journéeidentifiés commetant GHV SpULRGHV GH SRLQWH GTXWLC
Cette FDUWH SHUP HIg¢ zGrfet GuH&3 émpératlres sont insuffisahgesempérature
GYDOLPHQWDWLRQ GDQV OD FRaD&QHIeSH8ICQENISID ©add trdisi P DL
SPULRGHYV 2Q UHPDUTXH WRXWHIRLV TX lge©ddt nettewedrisbusG I H D X
la température recommandée de 55°C. Les étages pour lesquels des pertes de chaleur de plus de
5°C sont observées sont discutés et un niveau de risque leur est attribué en fonction de la grille
GipYDOXDWLRQ GH Béddrt ¥tkl. 208 SRVpH SDU

Etage 7 #risque élevé(pertes de chaleur13 a 20°Q
Etages 5, 8 et 1Qtarisque (pertes dehaleur =7 & 10°Q

Etages 6 et 9+risque modéré(pertes de températures=a7°C)

7 février 2015 7 :00 7 fevnier 2015 11 :30 7 fevrier 2015 18 30

Figure5.3 : Carte des températures évaluées par les sondes de surface dans l'aile A ; les lignes

bleues représentent les conduites d'eau chaude et les lignes noires, les conduites de recirculation

Pour chaque étage XQ JUDSKLTXH GH OD WHPSpUDWXUH j OfHQWUp
FRQGXLWHYVY KRUL]JRQWDOHV HW YHUWLFDOHV HVW SUpVHQW

chaleur identifiée par la cartographie sur la période de suivi de 2 semaines
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LespdUWHYV GH FKDOHXUV REVHUYpPHV j OTpWDJHf &VHRKXD LQWHLLHX
dans les conduites verticales et a ¥8,%°C pour les conduites horizontales. Le retour horizontal

se situe dans une plage de température favorisant la croissdnee e investigation détaillée

GHV FDXVHV GH OD SHUWH GH MBKDODHXUO REEMHWP IS TjX Q TP /]
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Figure5.4 : Températures des retours verticaux des étages 5,6 et 7 (Aile A)

'"f{LPSRUWDQWHYV YDULDWLRQV GH WHPSpUDWXUHYV GDQV OfH
étages 5, 6 et 7 sont aussi observées en fonction de l®Odatemarqueue les températures de
recirculation subissent des baisses plus importantes esld¢irsemainéencadrés bleug-igure

549 /HV SOXV IDLEOHV WHPSpUDWXUHY HQUHJLVWUpPHV VXJJq
les fins de semaines, setrddd DQW SDU GH ORQJXHV SpULRGHV GH VWDJQ
chaleur.Cet exemple illustre que le suivi de la température de retour principal uniquement peut
masquer des secteurs a risque dans les boucles secondaires.

Les autres étages identifié@mme étant a risque lors de la cartographie des températures (5, 8 et
SUpVHQWHQW GHV UpVXOWDWY VLPLODLUHYV j GfasWDJH [
55°C recommandé mais avec de moins grandes variations de températures.

5.3.2.2 AileB

La ERXFOH VHFRQGHBNVWHFRY \OW DWXIH HAGH FRQGXLWHYV YHUWL
et de recirculation les colonnes 4P et 11J qui desservent 6 étages et les colonnes 11R et 12N qui



59

GHVVHUYHQW pWDJHV 'HV FRQG XL i HetbuK R thadue @eaimdO HYV G |+
alimentées par les conduites verticale§.D B@ Bté «cartographiée en 2 tempsdu 20 février

au 10 avril 20l15HQ UDLVRQ GX QRPEUH GIYDSSDUHLOV GLVSRQLEOH"
se situe au sowsol etalimente les différentes colonndsa colonne 12N étant plus proche du
chauffeeau, viennent ensuite les colonnes 11J et 11R a distance égale et enfin, la colonne 4P, la
plus éloignée du chaufieau. Le premier étage est alimenté par une boucle secondaire
indépendante qui dessert aussi le ssnlset qui est indépendante des 4 colonnes. La boucle du
soussol comporte plusieurs petites boucles qui desservent des locaux différents au premier étage.

/I fYHDX FKDXGH DWWHLQW f& j WBRWWHNVVO HR XARIDWR QOIN VUH WL U
pas pu étre enregistrées car les conduites sont parfois inaccedsiblgénéral, il existe une
GLIIpUHQFH GH GHJUpVY HQWUH OMBERXWKO XIBHXHOH Y RU RGP 8
colonnes assoaé listés cdessous constituent les profils de température qui semblent les plus
problématiques en termes de pertes de chaleoussol, Z étage colonne 12N;*&t & étages

colonne 4P; 4étage colonne 11J.

Dans le cadre de ce projet, la boucle sitagaiveau de la colonne 4P, soit la plus éloignée du
chauffe HDX D pWp VXLYLH /D )LJXUH LOOXVWUH OHV IDLEOHYV
de cette boucle (moyenne de 56°C) et de faibles températures de recirculation (moydBi€xe

CeWWH SHUWH LPSRUWDQWH GH FKDOHXU HQWUH OTfHQWUpH
SRLQWY GIXWLOLVDWLRQ TXL \' VRQW D¥\éhiammation J&& TXH (
détectte an SRLQW GIYXWLOLVDWLRQ HVD GRIQODYMAH DM TXQSGEHW I
OTK{PLWROFRQILUPHU OYfK\GUDXOLTXH SHX HIILFLHQWH GH
nombreux bras morts (équivalent a 30m de conduite) et de valveetmti défectueusesui

empéchent le bon maintien de la tengpére Au 2° étage sur la colonne 12Ma recirculation
DWWHLQW j FHUWDLQV LQVWDQWYV XQH WHPSpUDWesUH TXL
inversionsGH WHPSpUDWXUHYVY SHXYHQW rWUH OLpHV j XQ FKDQJH
dans les conduWHY ORUV G{XQH GHPDQGHX A SRU\WWQYWHLEDH G X HDK
SpULRGH GIXWLOLVDWLRQ &HV pYqQQHPHQWYV VH SURGXLVHQ

entre 9h et 17h, soit pendant les périodes de pointe.

La cartographie des tengpp DW XUHB 15 FOYPLWOW B ILGHQWLILHU OHV pWDJt
WHUPHY GH SHUWHV WKHUPLTXHV GH OfHDX -$tMdinG ¢ I8V H P Sp U
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3° étage de la colonne 4P desservant entrea@§ X UJHQFH VR Q Ws &GridguieMMEWH X U V
LQYHVWLIJDWLRQ GpWDLOOpH GH OTK\GUDXOLTXH GH FHV VHF

54 &DUDFWpPULVDWLRQ GHV SRLQWYV GTXWLOL)Y

/HV URELQHWYVY RQW pWp FODVVpV HQ SULQFLSDOHV FDYV
conventionnel, électroniqueetad® OH (QVXLWH OD SUpVHQFH G{XQ PLWLJ
XQ FRQWU{OH GH WHPSpUDWXUH DFFHVVLEOH j OTXVDJHU K
PDWpULDX[ GH FRQQH[LRQ RQW pWp QRWpV ORUVTXH OTLQIRL

5.4.1 Caractéristiques physiques

'‘DQV O T Dr@bikets ont été caractérisés. Cing robinets sont de type électroniques et mitiges,
de marqueHansa Cobrat un seul robinet conventionnel possede un mitigearseul robinet a

pédale étudié se trouve en soins intensif3.Q V (CBY DBLr@bkiets ont été caractérisés, daomt

seul robinet électronique. Il est important de noter que contrairementtan&tsoélectroniques de

O 1D L. Cekich ne possede pas de controle de tempéraiufeF HV VL E O Heg q@ €D JH U
démontré comme un important facteur de risque pour la contaminationbilest¢Charron et al.,

2015) Cette étude suggére aussi ges fobirets a pédalesontplus a risque de contamination
EDFWpULHQQH HQ UDLVRQ GH OD ORQJXHXU GH FRQGXLWH G
et froide, qui stagne entre les utilisatig@harron et al., 2015)Jn robinet & pédale a aussi été
étudié en néonatologid.es différents types de robinets ainsi qaerépartition du nombre
GIpFKDQWLOORQV sBrid présintss-aigbldalB. R EL Q HW

Tableaub.2 : Répartition des robinets dans les aflest B selon le type de robinet

Aile [/ Type . Electronique .
robinet Conventionnel Avec controle T°C| Sans contréle T°C Pedale

A 57% (8/14) 36% (5/14) 0% 7% (1/14)
B 85% (11/13) 0% 8% (1/13) 8% (1/13)

Seulement 2 robinets a pédale ont été échantillonnés dans cettdJgtads 2avait un filtre Pall
installé pour chacun des échantillonnages, menant a des résultats négatifs. Le deuxieme robinet a
pédale présentait une contamination@HVV XV GX VHXLO GIDOHUWH HQ GpSLW

de connexion en cuivreEn culture les faibles résultas obtenus sonprobablementliés a
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OfH[SRVLWLRQ DX FXLYUH GDQV OD FRQGXLWH GH FRQQH[LR

cuivre agit comme inhibiteur de culture, mais ne tueljpg&u et al., 2014)

Tableau 5.3 : Résultats moyens eh.pneumophilapar type de robinet, résultatde 3

échantillonnages combinés

N N Culture gPCR

ob | éch % Moy des positif§ % Moy des positifs
] pos | (UFC/mL) pos | (UG/mL)
_'i',e"t avec controle ;|15 |5 | 105 100 | 20970
Ef,e"t sans controll 15 | 150 | 10000 100 | 64000
Conventionnels 9 24 38 2760 96 8741
Pédales 2 6 50 103 50 24633

Les robinets conventionnels et électroniques avec contréle de température ressortent comme ayant
de moins haut taux de contamination et des moyennes plus f@bléscon générale, on ne note
peu de différence entre les robinets conventionnels et les robinets électroniques avec contrdle de la

température.

5.4.2 Profils de température

$ILQ GIpYDOXHU OD FDSDFLWp GX UpVHDX j PDdnPétat®@d U FH S
ont été générés pouBS RLQWY GITXWLOLVDWLRQ 'DEBD0 O WhivoEBE) VRO HV
sur laFigure5.5 que 67% des robinets atteignents& HQ PRLQV GH / PLQXWH [/
variation du profil pour les premiers 4 litres selon le robinet évalué peut étre attribuée aux

GLIIpPUHQWHY ORQJXHXUV GH FRQQH[LRQ RX j OfXVDJH SUpFp
faits @ des momes aléatoires de la journée, sans stagnation préalable. Ainsi, un robinet qui a été

XWLOLVp SOXV UpFHPPHQW SRXUUD DWWHLQGUH VD WHPSpUL
FRQGXLWHYV GH FRQQH[LRQ QYD SDV HQFRWY BXW G X DWDWHKLD Q|

des températures de 55°C sont des robinets mitigés
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Figure5.5: Température aux robinets dans l'aile A en fonction du volume édiréé de

(Bédard, Boppe, et al., 2016)

/IHV URELQHWYV pFKDQ B/atteighénQen gdhé@mDuQe/te@PEmatu@ Fhaximum plus
POHYpH TXH AGBBXVWsBHIT) € ek plus rapideméRtgure 5.6). La température se
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Figure5.6 : Températures aux robinets dans l'aile B en fonction du volume écoulé

de(Bédard, Boppe, et al., 2016)
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maintient dans le temps a une valeur supérieure ou égale a la recommandation de 55°C pour tous

les robinets sauf un, qui est un robitletrmostaté (mitigé sans contrble de température).

&KDTXH VA\VWgPH pWXGLp HVW pTXLSp GIXQ LRQLVDWHXU SHU
FXLYUH HW DUJHQW GDQV OH UpVHDX GYfHDX FKDXGH /HV L
O 1D G:&1 bD™alddivre et 1% argent

/TLRQLVDOMDB xS plaskncienetl@ XH FHOXL GATOIPXOW BSHHMGHQWLILp
VXU VRQ HIILFDFLWp RQW pWp H[SULP [L¥ coBighe@§pidnsatsurs W H F K
du CIUSSSEstrie CHUS Fleurimontest basée sur le cuivre seulement et est dgudQ0 Afin
GYipYDOXHU OfYHIILFDFLWp GHV LRQLVDWHXUV GHV PHVXUHV
FKDXGH HW HQ HDX IURLGH SRXU FKDFXQ @QHW UREQYHWWD Lk
B 'HX[ W\SHV GTpFKDQW LXePr&sQLY nin@te¥ de WrzageUdveluation de la
concentration dans le systeme) et 2) apres 30 minutes de stagnation (évaluation de la contribution
des matériaux de connexion utilisés). En enée de conduites de cuivre, les concentrations en

cuivre seront plus élevées apres stagnation.

Le Tableau5.4 résumeles concentrations moyennes en cuivre et en@ge PHVXUpHV GDQV
chaude et froide des 2 ailes, apres écoulement et apres stagnation. Les concesrirations
PHVXUpHYV j OfYHQWUpPpH HQ H@itde 801 G H SROXQUA @D EERM/IL PHQ W
SR XU Qfld3caneentationseD UJHQW j OTHQWUpH GIHDX IURLGH pwWDLE
(0,000698ug/L) dans les deux ailes. Les concentrations en argent mesurées en eau chaude sont
plus de 1000X inférieures aux valeurs recommangdeslth and Safety Executive (HSE), 2013)

qui devraient représenter 10% des concentrations emecpour un traitement cuiwagent

efficace.

Tableaub.4 : Concentrations en cuivre et argent mesurées dans l'eau froide et chaude pour les ailes
AetB

Cuivre (ug/L) Argent (ug/L)

(moyenne * ecatt/pe) (moyenne * écart type)

Eau chaude | Eau froide | Eau chaude | Eau froide
© 15 min ringcage 332138 10340 0,014+0,004 | Non détecte
Z <« | 30 min stagnation | 399+66 215+65 0,016+0,008 | Non détecté

|15 min rincage 266+44 45+14 0,01+0,003 | Non détecté
Z | 30 min stagnation [ 35775 184+52 0,01+0,003 Non détecté
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Au niveau du cuivre, on constate que les concentrations aprés écoulement en eau chaude sont
QHWWHPHQW SOXV pO(fabledta/4)TLANH CHOHQ RHRGEAH DWpULDX GH
OD VWDJQDWLRQ HVW UHPDUTXDEOAM Gh(otd Bussilqu& deGfatonV X U W F
JpQpUDOH OH SRLQW GH FR&V e 3@3tdme faprdsWwWn@gey lIRRs: pagibld Q X
TXH OfHPSODFHPHQW GX SRLQW GH OHFWXUH GX FXLYUH SRX
Celukci se situe sur la boucle de retour avant le chatfle X QH WHQDQW DLQVL SDV
frodeaMRXWpH SDU OH ELDLY GH OD YDOYH %UDLQ &HW DMRXW
ou moins grand selon le débit relatif et la concentration en ions se retrouve diminuée. Toutefois, la
FRPSDUDLVRQ GHV FRQFHQWUDW HRQ & IPHW O pi DK GDRLVG E 1B HU
SHUPHW GYHVWLPHU ODSSRUW HQ FXLY U/LO22p niFiXdahsR QL V D W
O ALeD221pnJ / GDQVBO§dxhWB.4). De facon similaire, la comparaison des valeurs
DSUqV ULQoDJH HW DSUqV VWDJQDWLRQ PRQWUH XQH QHWWF
DXWDQW HQ HDX IURLGH TXYHQ HDX FKRXu@/Hen&auHrokliat) P HQ W D
75 ug/L en eau chaude est observée apres 30 minutes de stagbatéau froide, on observe que

OHV GRQQpHVY VRQW SOXV GLVSHU Vipimwuessde gincageDsugdérant Q D W L
XQ LPSDFW YDULDEOH GX SRL atdh éh toive L dépedamnmeRt@e fYaxteéur©O D FR
WHOV OHV PDWpULDX[ GH OD WX\DXWHULH GH FRQQH[LRQ Ol
(distance par rapport a la conduite secondaire en circulation malgré la stagnation au point
échantillonné).Les valeldV. GH FXLYUH HQ HDX |UR laGddnti$ttiorP sV W H Q W
conduites a la concentratidiQ FXLYUH SUpVHQWH GDQV OfYHDX DX URELQ

En résuméles concentrations en cuivre mesurées apres ecoulement (systeme) sont inférieures au
point de consignedavi OHV D L O HA/, lesRapsen@fidnk Ebhit toutefois en moyenne pres

du point de consigne et peuvent étre considérées comme satisfaikastesncentrations dans
OIDMRHQW HQ PR\HQQH SOXV IDLEOH HM\snz§urds @uréé Bragndaiiod GHY U
RQW UpYpOp XQ DSSRUW VLIQLILFDWLI GH OD WX\DXWHULH V>
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CHAPITRE 6 ',6&866,21e1e5%/(

Les deux hopitaux étudiés connaissaient des architectures différangesu plusieurs boucles de
recircXODWLRQ GLVWULEXWLRQ SDU XQH RX SOXVLHXUV FRORC¢
plusieurs étages, etc&HV GLIIpUHQFHY QH SHUPHWWDLHQW SDV DX SU
la méme manierdesproblemes locaugmpéchent le bon fonctionment du réseau hydraulique

HW GRLYHQW rWUH WUDLWpPpV GH IDoRQ LQGLYLGXHOOH PDLV
nos deux analyses. Un procédé eantonnoir? F fativaMu plus général au plus local, permet
GIDERUGHU OHYV ddthBtRoQiguie idt\ce GoblurllB grande majorité des architectures de
réseaux hydrauliguest R XW G B E®RalG prédentés dans ce mémoire mettent en évidence
OfLPSRUWDQFH FULWLTXH GH ELHQ FRQQDVWUH OHMrUpVHDX
pouvoir en faire une gestion permettant de contréler et réduire le risque de légionelles. Bien que
FHWWH FRQQDLVVDQFH VRLW SDUIRLY OLPLWpH HQ UDLVRQ G
fur et a mesure que des changements étaient effestimde réseau, il est primordial de mettre a
QLYHDX FHWWH FRQQDLVVDQFH TXH FH VRLW SDU OH ELDL)
températures, de pressions ou de débits. Ces données sont essentielles pour identifier les zones
stagnantes et dRaible circulation, ainsi que les secteurs du batiment qui sont hydrauliquement
GpIDYRULVpVY HW TXL QH SDUYLHQQHQW SDV j PDLQWHQLU OF
robinet pour contréler la prolifération de la |égioneBette investigatiopermettra aussi de repérer

des problémes inconnus des services techniques tels que des conduites non utilisées ou bien une
PLWLIJDWLRQ SDU OfHDX IURLGH YRLUH WLQGH -@RKa GpVLQI
présence de valves amétour, le damétre des conduites et les matériaux utilisés sont des
LQIRUPDWLRQV TXL SRXUURQW VY{DYpUHU XWLOHV ORUV GH O

/IHV UpVXOWDWY RQW HQWUH DXWUHV PRQWUp TXH OH EDOD(
de la pompe pncipale de recirculation et la résolution de zones de circulation déficiente
FLUFXODWLRQ LQYHUVpH VWDJQDWLRQ SURORQJpH LQWUX
atteindre et maintenir une distribution de températures uniforme et adéquatera ke réseau.

&HFL HVW WRXWHIRLY SRVVLEOH VHXOHPHQW GDQV OD PHVX

fournir une eau chaude a une température de 60°C et plus en tout temps.

A la suite de la mise en place des mesures correctives, le rétabl@3dm& 1 XQ QLYHDX GH
considéré ®as? HVW ORLQ GfrWUH LPPpGLDW OrPH VL OHV WHPSp
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guelques mois voire années sont nécessaires a la diminution des légionelles sous un seuil
acceptable. Ceci est notamment di au fagtlga |€égionelles se trouvent trés majoritairenokaimis

le biofilm, plus fastidieux a enleveAinsi, les efforts doivent étre maintenus a long terme afin de
SRXYRLU VH GpEDUUDVVHU GX ELRILOP OrPH VL OD SRVLWLY
est surtout a suivre pendant les premiers maise stagnation voire une augmentation de la
concentrationj XQ FHUWDLQ SRLQW GYpFKDQWLOORQQDJH LQGLTXH
GLPLQXWLRQ JpQpUDOH GH OD FR Q@WRRKS.DWLRQ PRQWUHUD (
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CHAPITRE 7 &21&/86,217 5(&200%$1'$7,216

Plus particulierement, les conclusions suivantes peuvent étre:tirées

/I YN DEVHQFH GT1XQ GLIIpUHQWLHO GH SUHVVLRQ j OD SRPE
LOQGLFDWULFH GH OD SUpVHQFH GTXQH ERXFOH SUplpUHC

circuiter le reste du systeme.

Les pompes secondaires utilisées dans cedamiles en présence de problemes de
FLUFXODWLRQ SURYRTXHQW GHV LQYHUVLRQV GYpFRXO

circulation interne.

/ID SUpVHQFH GfXQ V\VWgPH GH GpVLQIHFWLRQ VHFRQGL
securité. Il est essentiel A ® VVXUHU TXH OTK\GUDXOLTXH GX UpVHD:
VH UHQGUH MXVTXTDX SRLQW GITXWLOLVDWLRQ HW TXYXC
DX ILO GHVY DQV 30XV SDUWLFXOLqUHPHQ%ge@ §lengLFDFLW

terme dans des réseaux en cuivre doit étre mieux étudiée.

(Q SUpPVHQFH GYTXQH SUpY DOpheumbdphila@tSReUWEaWdd HQ
contamination élevés, la désinfection choc thermique est un traitement a considérer, mais
son application dans un réseau hylicuement déficient ne sera pas optimale, ce qui

pourrait nuire a son efficacité.

Recommandations

Les principales recommandations suites aux étdéestes dans ce mémosentles suivantes

1.

4.

'RFXPHQWHU OD VWUXFWXUH HW Q@ KhdRetafectBed e PHQ W
YpULILFDWLRQ GH VRQ IRQFWLRQQHPHQW UpHO GpELWYV

principale (alimentation et boucles de recirculation principales)

Installer des points de mesure des températures en continu en sorteuffeedu ainsi

que sur les principales boucles de recirculation

(ITHFWXHU XQ GLDJQRVWLF GH WHPSpUDWXUH SbU OfXW
continuet de profils de températuresxa® RLQWYVY GIXWLOLVDWLRQ

Vérifier la présence de dispositfsgUFHSWLEOHYV DX[ PpODQJHYV GYHDX I|

clapets antretours pour prévenir ces mélanges.
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Descommentaires et recommandations plus détaillés sont aussi goposeé

Au niveau du systene

- Les valves de mitigation présentent en sortie de chaaffiepour baisser la température de
OfHDX j XQH WHPSpUDWXUH FRQVWDQWH VRQW j pYLWH!
FRQWDFW GH OYHDX j GHV WHPSpUDWXUHY SOXV pOHYp
UHFLUFXOpH QYD\DQW S DN I8 thpliif@auEDR HIiesHo@séqdpeivenp H G D
permettent de se conformer a la réglementation en produisant une eau a 60°C, tout en
HQYR\DQW XQH HDX j WHPSpUDWXUH LQIpULHXUH GDQ\
OfLQVWDOODWLRQ GH Wsldé&ev lquil dékiSskhifakion ¥ ¥llebl $ontGleja F R

présentes.

- /RUV GILQWHUUXSWLRQ @B il 3aDtDpQuvoir miktecBite EHGER X | | H
prolongée de la températua@n deréagir rapidement lorsque la température passe sous le
point de consigne®@ XV GI{XQH KHXUH

- 6L SUPpVHQFH GTXQ LRQLVDWHXU PHVXUHU OD FRQFHQW
vVDQV PLWLIJDWLRQ SDU OYHDX IURLGH SRXU pYLWHU Of!
placent entre 200 et 800 pg/L. Préter attention au pouzdriii GTLRQV DUJHQW (

cuivre).

- 6LO \ D SUpVHQFH GH SRPSH V VHFRQGDLUH V OHV DL

réseau

- Dans le cas ou une déficience de la recirculation est repéréfeer sTLO \ D XQ GLIIpUH«¢

de pression au niagl de la pompe principale.

Au niveau des boucles secondaklesrecirculation

- Détecter les zones de pertes de chaleur supérieures a 10°C en peitegéeprésentent
des zones de stagnation forbevestiguerO TK\GUD XOLTXH Qut€33e deH)2 VHFW F

m/s, températures)

- 'PWHFWHU OHV JRQHV Gl QOMHDW\GLHR G H3A WEHRRSEHTRA QXN H V
recircuied OU de débitmétres XQ PDXYDLV pTXLOLEUH K\GUDXOLTXH ¢
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pressions défavorables etde cowits X LWV K\GUDXOLTXHV &RQVLGpPpUHU I

froide en surveillant les débits.

Pour rétablir un équilibre hydraulique, mesurer les températures des conduites alimentant
OHV GLIIpUHQWY VHFWHXUV GH OfTK{&L&WDIDX G RTXXUH GGV HDL
chaude. Les secteurs les plus favorisés peuvditUH UpGXLWYVY HQ DOLPHQWDYV
par des restricteurs de débits, ce qui forcera la circulation dans les autres secteurs moins
privilégiés.

Investiguer la présence de bras meride zones de faible circulatiorgrrigerrapidement

$X QLYHDX GHV SR1QWV GTXWLOLVDWLRQ

6IDVVXUHU TXTXQH WHPSpUD W Xihtte$adx rolfidets] NotEmmRENW H Q X H

les plus éloignés du chauféau et ceux placés a proximité de patientsgue

6L OD WHPSpUDWXUH GH inyestigQeflel Yovétichimenerd AuVpéirt Q W H
GIXWLOLNOMIHRW EULVp PpODQJH GIHDMH IGRLGHP H@W DK

desservie par la recirculation

Repérer les robinets peu ou pas utilispsocéder a des ringcages fréquents ou condamner
le robinetVL VRQ PDLQWLHQ QYfHVW SDV QpFHVVDLUH 3DU HJ
GIXQ DXWUH DXUD SOXV GH FKDQFH GH VWDJQHU

Pour les robinets peu utilisés la fin de semanglacés dans une chamim@n occupée
déterminer le risque associé (patients pexrsonnel) et considéréa mise en place de
rincages en début de semaf@e8 minutes)] OfHDX FKDXGH

/IRUV GYXQH GpVLQIHFWLRQ WKHUPLTXH SURFpGHU SDU
Commencer @r rincer le point le plus haut et le plus éloigné de la boucle horizontale. Rincer
OHV SRLQWY SHQGDQW XQH GXUpH GIDX PRLQV PLQXWI
plus loin au plus pres dans le réseau). Pour les patients les plus a risque wt/@s po

robinets les plus contaminés, procéder a un ringage plugls&p minutes).

Poser des clapets supplémentaitehaute qualité sur les robinets mitigés
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Abstract: Following nosocomial cases of Legionella pneumophila, the investigation of a hot water
system revealed that 81.5% of sampled taps were positive for L. pneumophila, despite the presence of
protective levels of copper in the water. A significant reduction of L. preumophila counts was observed
by culture after heat shock disinfection. The following corrective measures were implemented to
control L. prieumophila: increasing the hot water temperature (55 to 60 °C), flushing taps weekly
with hot water, removing excess lengths of piping and maintaining a water temperature of 55 °C
throughout the system. A gradual reduction in L. preumophila counts was observed using the culture
method and qPCR in the 18 months after implementation of the corrective measures. However, low
level contamination was retained in areas with hydraulic deficiencies, highlighting the importance
of maintaining a good thermal regime at all points within the system to control the population of
L. pneumophila.

Keywords: legionellosis; sanitary hot water; temperature diagnostic; Legionella pneumophila; culture;
quantitative polymerase chain reaction; copper concentration; hospital premise plumbing

1. Introduction

Legionella pneumophila is an opportunistic pathogen responsible for a significant number of
nosocomial infections. L. preumophila outbreaks reported in hospitals have predominantly been
associated with the hot water systems (HWS) within hospital premises [1-4]. The presence of
L. prneumophila in the HWS of healthcare facilities is well documented, with reports of 10% to 50%
positive in water samples from taps and showers [5-9]. Hospital-acquired legionellosis can result
in prolonged hospitalization and elevated mortality rates [10]. Although an infectious dose has not
been established, a guidance document published by the Health and Safety Executive (HSE) provides
recommendations regarding the actions to take in the presence of Legionella in the water system at
levels above 100 CFU/L [11]. In hospital settings, a dose as low as 10 CFU/mL may be sufficient
to cause an infection [12]. Several European countries, such as Austria, France, Germany, Italy, the
United Kingdom and Switzerland, have adopted guidelines or regulations that specify an alert level
and an action level [11,13-18]. In general, the alert level is set between 100 and 1000 CFU/L and

prescribes further investigation to define if there is a system contamination or if the problem is localized.
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Corrective actions are recommended for identified issues. There is a consensus to set the action level at
10,000 CFU/L, a high level of contamination at which corrective action should be taken immediately.
Alert and action levels for results obtained by quantitative polymerase chain reaction (QPCR) were
suggested at 4000 genomic units (GU)/L and 40,000 GU/L, respectively [19].

The control of Legionella to reduce the risk of exposure in healthcare facilities has been addressed
in multiple guidance documents [20]. Approaches to control L. preumophila in hot water distribution
systems vary considerably, but all guides include objectives or obligations for ensuring optimal
operating temperatures at critical points in the distribution systems. A key control measure is to
maintain elevated water temperatures and to ensure optimal water circulation through a recirculation
loop. Most regulations and guidelines suggest a temperature of 60 °C at the water heater outlet
and a minimal water temperature of 55 °C across the network. Recent guidelines also highlight the
importance of efficient hydraulics with recommended flow-rates of 0.2 m/s, to ensure homogeneous
temperature and biocidal control throughout the hot water system [21]. Previously, diagnostic and
assessment tools to evaluate the risk of L. pneumophila proliferation were proposed, based on the water
temperature at critical control points (the hot water heater outlet, the point-of-use (after 1 to 2 min of
water flow) and the recirculation loop) [20].

Ideally, systems should be hydraulically optimized and temperatures maintained throughout
the system [11,22]. However, if this cannot be achieved or if sampling results indicate microbial
contamination, disinfection should be applied. There are several water disinfection methods used to
control Legionella in hot water distribution systems [23], including heat shock, implementation of a
thermal regime and copper-silver ionization. However, no disinfection method has proven wholly
effective, especially against the biofilm established within the pipes. The development of resistance
following multiple heat shocks in a hospital hot water distribution system has been documented.
The implementation of thermal regimes has successfully been used to reduce the percentage of
taps positive for Legionella [2,24,25]. Taps that remained positive despite the implementation of a
thermal regime were associated with faulty hydraulics and lower water temperatures at the tap [24,25].
Indeed, Legionella was reduced in systems where hot water temperatures at the tap exceeded 55 °C
within 1 to 2 min of water flow [5,6,20,26]. A review summarizes the successful use of copper
silver ionization in several studies reported to reduce levels of L. preunophila in hospital hot water
distribution systems [23]. However, there are also reports of unreliable eradication of L. pneumophila
following copper silver-ionization treatment, which resulted in cases of legionellosis [3,25].

Despite the application of disinfectants or the establishment of thermal regimes, episodes of
periodic interruption in the application of the control method can promote system contamination.
Monitoring of the microbiological quality of water is needed to determine the efficacy of treatment.
However, disinfectants and other environmental stressors are known to induce a viable, but not
culturable (VBNC) or intra-amoeba state in L. pneumophila, without causing cell death [27,28].
Culture techniques could be an unreliable indicator of the population size of L. pneumophila under
such conditions. System-wide failure or local hydraulic conditions at the tap (loss of disinfectant
or temperature) represent situations where VBNC cells could regain culturability and proliferate,
especially in the presence of biofilm. Molecular detection methods, such as quantitative polymerase
chain reaction, provide interesting means of monitoring the impact on L. pneumophila system
contamination following the implementation of new control measures. This method has been used
previously for the detection of L. prneumophila in water distribution systems [19,29,30].

The present study was conducted at an academic tertiary care hospital where two cases of
nosocomial legionellosis were reported in August 2014. An environmental investigation was
conducted, and the hot water system was identified as the source of infection. Isolated environmental
and clinical strains revealed the same pulsed-field gel electrophoresis (PFGE) patterns and were also
from the same sequence-based type (sequence type-1427). At the time of outbreak, the temperature set
point at the water heater outlet was 55 °C, and a temperature of 50 °C was maintained in the main
recirculation pipe. A copper-silver ionization system was present in the studied system.
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The objectives of this study were to: (1) evaluate short-term L. pneumophila survival after thermal
disinfection; (2) identify areas at risk due to L. pneumophila proliferation, using the temperature
diagnostic method; and (3) assess the long-term effects of ongoing thermal controls and hydraulic
improvements, at key points-of-use, over an 18-month period, using culture-based and qPCR
monitoring approaches.

2. Results and Discussion

The HWS feeding the hospital wing where the outbreak originated (System A) was investigated
and monitored closely in the year following the outbreak. A second, independently-operated HWS
(System B), feeding an adjacent building wing with no reported cases of legionellosis, was also
investigated. Following a full decontamination of each HWS by thermal disinfection, a temperature
diagnostic was initiated to identify and prioritize risk areas in each building wing. Corrective measures
were put in place, and long-term effects were monitored through periodical sampling of L. pneumophila,
at various points of the HWS.

2.1. Effect of Thermal Disinfection on Legionella prneumophila

A thorough thermal disinfection was conducted, involving the circulation of water at temperatures
above 70 °C, for at least 30 min, in all primary and subordinate loops. Primary and subordinate flow
and return loops were previously defined [20]. Each point-of-use was flushed for a minimum of 7 min
at a temperature =70 “C. The impact of the thermal disinfection was evaluated by sampling 250 mL of
first flush hot water, at different points-of-use. Results suggest that thermal disinfection was successful
at reducing levels of culturable L. preumophila in System A, but no change was observed in the levels
recovered from System B (Table 1).

Table 1. Mean level of L. pneumophila in positive samples before and after thermal disinfection.

. . System A System B
L. pneumophila Positivity
Before After Before After
Mean L. pneumophila levels ' (CFU/L) 27,200 <LD? 1700 2000
Number of samples 27 20 10 10
% positives 81.5 0 50 40

1 Calculation only included positive samples; 2 LD = limit of detection, 1000 CFU /L.

System B had a larger number of distal points relative to System A. As such, in System B, thermal
disinfection was conducted in two separate interventions, one week apart, whereas in System A, a
single intervention was required (see Section 3.2). This variation in protocol may have contributed
to the reduced effectiveness of thermal disinfection seen in System B. The recirculating loop of the
thermally-disinfected section in System B was isolated to prevent recontamination of the piping during
the period between interventions. However, in some sectors of System B, sub-optimal recirculation
was observed, with some areas requiring up to 20 min to reach hot water system temperatures of
70 °C. It is possible that in these sectors, despite the thermal disinfection procedure, the inability to
maintain high temperatures over a long enough period enabled the regrowth of L. pneumophila, which
reseeded the system through the recirculating loop [11]. Another factor to consider is the initial level
of contamination. In System A, initial levels were 10x higher than in System B. Furthermore, the
relative effectiveness of the thermal disinfection is based on culture results with a detection limit of
1000 CFU/L. This value is unacceptably high for accurately concluding whether L. pneumophila levels
proposed in international recommendations and regulations (Table 1) were met in this study. As a
result, the sampling protocol and laboratory were changed for the subsequent analysis, as presented in
Section 3.4.
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2.2. Hot Water System Temperature Diagnostic

The hot water systems were investigated using the previously-proposed diagnostic flow chart [20].

A detailed characterization of both studied systems was performed, followed by principal and

subordinate flow loop temperature monitoring. Figure 1 presents a schematic of the studied systems.

In both systems, the water from the principal recirculation loop flows into the vertical secondary
distribution pipes, which bring water to each floor through a subordinate horizontal loop. System A
only has one vertical pipe delivering water to each subordinate horizontal flow loop, whereas four
vertical distribution pipes are present in System B (Figure 1).
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Figure 1. Hot water system schematic for System A (A) and System B (B) where red circles represent
the temperature probe location.

2.2.1. Principal Recirculation Loop

The mean hot water temperature coming out of the hot water production unit in System A was
60.3 + 0.28 °C compared to 60.0 + 0.1 °C in System B. In System A, the water is heated in a flash heat
exchanger to a mean temperature of 70 °C and mitigated to 60 °C by adding recirculating water or
make-up cold water as needed (Figure 1a). This results in very stable temperatures feeding into HWS
A (Figure S1). On the other hand, although the standard deviation is comparable in both systems,
detailed analysis of continuous temperature monitoring results reveals a more important variation
in periods of high usage for System B, such as during week days (Figure 51). In System B, the water
is heated in a flash heat exchanger to a mean temperature of 60 “C and fed directly into the system
without the presence of a mitigating valve. Despite the absence of a mitigating valve, results show the
ability of System B to promptly react to temperature fluctuations associated with increased use of hot
water for showering and bathing. Principal loop recirculation temperatures, prior to re-entering the

84



Pathogens 2016, 5, 35 50f 16

hot water production unit, were 54.7 + 0.29 °C in System A and 56.2 + 0.3 °C in System B. The heat
loss between the water heater and the return loop is within recommended values of 5 °C and indicates
a good overall circulation within the systems. These data confirm the capacity of the water heaters in
both systems to provide the required temperatures, more than 90% of the time. However, this apparent
compliance with prescribed temperatures only reflects the heat lost from the combined return loop,
but does not provide information on the multiple subordinate loops within the systems.

2.2.2. Subordinate Flow and Return Loops

Continuous monitoring of each subordinate flow and return loop in System A was conducted
over two weeks. The system architecture is such that each subordinate loop supplies water to a floor
and returns to the principal recirculation vertical pipe. Figure 2 shows an example of the temperature
distribution within System A at three different times within a representative day. No relation between
the floor number and the temperature decrease was observed. However, it was noticed that the
temperature drop in the horizontal subordinate loop had an impact on the temperature measured in
the principal loop proportional to the water volume flowing back into the principal loop. Results from
Figure 2 represent a point in time when hot water usage was high. However, similar trends were
observed when considering mean temperatures measured over a two-week period (Table S1). Mean hot
water temperatures from the principal and subordinate loops were between 55.8 and 59.2 °C with
low variability observed throughout the monitoring period (Table 51). Lower temperatures were
measured in the horizontal subordinate loop, with temperature losses of up to 2 °C between vertical
and horizontal measuring points at a given floor, despite the close proximity of those points (less than
1 m apart). The monitoring of horizontal subordinate return loop temperatures highlighted significant
discrepancies between different floors, with mean temperatures varying from 39.8 to 53.1 °C during
the monitoring period (Table S1). Lower temperatures were observed during high demand periods,
as shown in Figure 2. These results identify sectors where mean hot water temperatures cannot be
maintained at the target value of 55 °C.

6:30 pm

Figure 2. Temperature mapping in System A for principal vertical (full lines) and all horizontal
subordinate flow and return loops (dotted lines) on 7 February 2015, at three different times of the day.
Blue lines represent hot water, and black lines represent recirculation lines.
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These results illustrate how defective hydraulics at specific subordinate loops can go undetected if
temperature monitoring is only conducted on the principal flow and return loops. As is the case for the
seventh floor, water temperatures of well below 55 “C were consistently recorded in the subordinate
return loop. As it merges in with the principal return loop flow, the effect is diluted by water of higher
temperature returning from other subordinate loops. The factors that are likely to drive important
temperature decreases within a subordinate loop are: (1) the presence of hydraulic deficiencies specific
to those areas; (2) the presence of cold water intrusion into the hot water recirculating system; and
(3) the lack of pipe insulation. A thorough survey of the piping system revealed no insulation
deficiencies. However, detailed investigation revealed that the piping system on the seventh floor had
several dead legs. Moreover, the piping configuration is such that convective mixing is possible, which
may have implications for Legionella growth [31].

The detailed investigation also revealed that five rooms were fed through an independent hot
water flow and return loop system, with more than 20 m of piping separating the connections of the
subordinate horizontal flow and return loops, from the faucets within the rooms. For this specific loop,

monitoring revealed an infeed temperature of 49.5 + 2.7 °C and a return temperature of 34.1 + 1.5 °C.

Minimal water circulation was also recorded at the average speed of 0.03 £ 0.01 m/s, compared to
the mean circulation speed in the subordinate horizontal loop of 0.13 + 0.02 m/s. The water volume
contained within this piping (estimated to be 61.6 L) was therefore quasi-stagnant between water

usages. In addition, the presence of three dead legs in the proximity of the connection were identified.

All of these factors contributed to the inability of the HWS on the seventh floor to maintain adequate
temperatures, with a mean heat loss of 18.2 °C occurring between flow and return loops.

A detailed investigation was also conducted on System B, which has a different configuration
than System A (Figure 1). In System B, hot water temperatures feeding into the four risers were not

significantly different from those in System A, with mean values between 54.8 and 58.3 °C (Table S1).

High-risk areas for L. pneumophila growth were identified through temperature diagnostics of the
subordinate flow and return loops for each vertical riser. The ground and first floors were fed by
a horizontal flow and return loop, independent of the four identified risers. The first floor was fed
through multiple loops originating from the ground floor subordinate horizontal flow and return
loops. Monitoring was conducted on one of these loops in the vicinity of riser 4P. A temperature loss
of 12.4 °C was measured between the flow and return horizontal pipes (Table 51), suggesting defective
recirculation in the loop. Upon investigation of the piping within this loop, dead legs equivalent to
30 m of linear piping were identified and removed. A defective valve was also preventing recirculation
of water in a large section of the loop.

Significant water temperature reduction in a subordinate flow loop can be caused by numerous
factors: (1) prolonged stagnation in dead legs or in low usage areas; (2) insufficient insulation [20];
(3) insufficient recirculation flow rate causing increased residence time and thermal losses, especially
during periods of low use, such as night-time; (4) the absence of recirculation in specific sectors
due to defective equipment or inadequate hydraulic balancing; (5) flow inversion in piping due to
pressure variation during high demand periods; and (6) mixing of cold water with the hot water
system through defective valves on faulty taps. The results obtained from temperature diagnostics
can be used to identify problem areas and to determine the cause of the temperature decrease, thus
allowing remediating action to be taken.

2.2.3. Tertiary Loop and Points-of-Use Characterization

Complete characterization of the sampled faucets was also conducted and is presented in the
Supplementary Material (Table S2). As part of the risk classification approach, the measurement of
temperatures at the point-of-use provides information on the maximum temperature reached and the
time taken to reach this temperature. A temperature of 55 °C should be reached at all taps within
1 to 2 min. Temperature profiles were generated on hot water from 13 taps in System A and eight
taps in System B, to evaluate their capacity to deliver appropriate temperatures. Mean temperatures
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observed on first flush, after 1 and 2 min of flow and the maximum temperature reached at the tap are

summarized in Table 2. Detailed temperature profiles are presented in Figure 3.

Temperature (°C)

SYSTEM B Ve (i)

Temperature (°C)
N w »
S =] S

=
(=]
1

o

Time (min)

Figure 3. Individual temperature profiles for points-of-use in Systems A and B, with the insert graph
zooming in on the first 2 min. The legend indicates the tap as listed in Table S2 with the floor number.

Table 2. Mean hot water temperature measured at the tap in Systems A and B and the percent of taps

reaching 55 °C after various flow times.

~——B-10

-K-4
—_L3
—M-1

—P5
——Q4
R-4

—13
—U-2
—V-2
—_—1

Mean Temperature + SD (°C)

" % at 55 °C % Tamax =
First Flush 1 min 2 min Max after 2 min 55°C

System A 13 252 +34 488 +54 504 + 6.6 525+ 6.1 31% 54%

System B 8 30.0 £ 83 55.0 + 5.4 572421 59.0 +1.3 88% 100%

The analysis of temperature profiles revealed that points of utilization located on floors identified
as deficient took longer to reach their maximum temperatures (Figure 3). In System A, two mixer
faucets recorded temperatures of around 40 °C. These two data points lowered the percentage of taps
reaching 55 °C; however, even after excluding these taps from analysis, the percentage of taps reaching
55 °C after 2 min of flow was still below 50%. An issue was also highlighted with the tap located
on the eight floor, in System A (Figure 3). This was the only tap that required more than 5 min to
reach its maximum temperature and that could not maintain it, over the duration of the profiling.
This tap was located in close proximity to where the second case of legionellosis occurred. Despite the
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ANNEXE 2: FigureA2.1 G H O 1 Drivéstigati@e-bpproach to improvethwater system
hydraulics through temperature monitoring to reduce building environmental quality hazard
associated to Legionella

FigureA2.1: Photo of the faulty shower device in Wing/A& mixing valve, B: Upper shower
faucet, C: Lower shower fauc#t/hen the patient only closes the upper /lower shower fauct

and cold water constantly mix in the mixing valve.



