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Abstract:   We   have   monitored   the   presence   of   Legionella   in   the   building'ʹs  16 
plumbing   of   the   University   of   Perugia   (Italy)   and   identified   the   Legionella  17 
isolates.   More   than   300   water   samples   collected   from   100   taps   throughout   the  18 
university  campus  were  analyzed.  Legionella  was  absent  in  the  great  majority  of  19 
the   samples,   while   it   was   found   in   only   five   buildings.   Molecular   analysis  20 
indicated  that  the  contaminations  were  ascribed  to  L.  pneumophila  (sg  1,  sg  8  and  21 
sg  10)  as  well  as  to  other  species  (L.  taurinensis  and  L.  anisa).  In  only  three  cases  the  22 
levels  of  contamination  were  above  the  limit  at  which,  according  to  international  23 
guidelines,  remedial  actions  are  required.  In  particular,  a  thermal  disinfection,  i.e.,  24 
raising   the  water   temperature   above   the   level   at   which   Legionella   cells   do   not  25 
survive,  was   applied   to   the   hot  water   supply   systems  where   high   temperature  26 
could   be   maintained   throughout.   On   the   contrary,   in   a   building   in   which  27 
Legionella   contamination   originated   inside   the   heat   exchanger,   a   chemical  28 
disinfection   with   silver   hydrogen   peroxide   was   carried   out.   This   case   study  29 
indicates  how  a  multidisciplinary  approach  is  necessary  for  an  effective  definition  30 
of  Legionella  prevention  and  control  strategies.  31 
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1.  Introduction  36 

The  occurrence  of  Legionella  contaminations  in  building’s  tap  water  represents  37 
a   serious   health   threat   to   end-‐‑users   [1].   Indeed,   the   genus   Legionella   comprises  38 
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many  different  bacterial  species  and  serogroups  (sg),  of  which  L.  pneumophila  sg1  is  39 
the   most   often   associated   to   the   human   lung   infection   that   causes   legionellosis,  40 
often   referred   as   Legionnaires'ʹ   disease,   a   form   of   atypical   pneumonia   [2,3].  41 
Legionella  is  found  naturally  in  fresh  water  environments,  like  lakes  and  streams,  42 
but  can  proliferate  in  human-‐‑made  water  systems  such  as  building’s  plumbing  and  43 
hot  water   networks   [1,4,5].   Consequently,  monitoring   the   presence   of   Legionella  44 
bacteria   and   preventing   their   colonization   of   water   distribution   mains   and  45 
building’s  plumbing  systems  are  both  technical  and  environmental  challenges  and  46 
are   therefore   considered   crucial   aspects   by   international   and   national   guidelines  47 
that  regulate  the  quality  of  drinking  water  [4-‐‑6].  48 

This   paper   reports   a   case   study   regarding   a   one   year-‐‑long   survey   of   the  49 
presence   of   Legionella   in   the   water   distribution   systems   of   the   buildings   that  50 
compose   the   campus   of   the   University   of   Perugia   (Italy).   The   molecular  51 
characterization  of  the  retrieved  Legionella  isolates  is  also  shown.  52 

2.  Experimentals  53 

More   than   300   water   samples   were   collected   from   100   taps   in   42   different  54 
buildings   throughout   the   university   campus.   Cold   and   hot   water   samples   were  55 
taken,  before  and  after  flushing  water  for  5  minutes,  the  latter  in  order  to  account  56 
for   possible   contaminations   inside   the   plumbing   system.   The   presence   of  57 
Legionella  was  assessed  by  standard  methods  as  indicated  by  Italian  guidelines  [6].  58 
Briefly,   1   litre   water   samples   were   concentrated   by   filtration   and   spread   onto  59 
GVPC   agar   plates   to   allow   the   culture   and   enumeration  Legionella   spp.   bacteria.  60 
The  identification  of  Legionella  isolates  was  conducted  first  by  selective  growth  on  61 
BCYE   agar   plates   with   and   without   cysteine   and   then   confirmed   by   by  62 
agglutination  test  and  sequencing  of  16S  rRNA  and  mip  genes  [7].  63 

3.  Results  and  discussion  64 

The  University  of  Perugia  features  a  sparse  campus  comprising  many  different  65 
buildings  distributed  in  eight  different  locations  within  the  city  of  Perugia  (Figure  66 
1)   and   in   two   locations   in   the   city   of   Terni,   in  Central   Italy.   The   buildings   span  67 
from  very  old  ones,  dating  back  to  the  13th  Century,  to  modern  ones  and  so  feature  68 
very  different  water  distribution  networks  and  hot  water  production  systems.  69 
  70 
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Figure  1.  University  of  Perugia  campus  locations  within  the  city  of  Perugia  (Central  Italy).  72 

In  most   of   the   campus   buildings,   no   Legionella   contaminations  were   found.  73 
Despite   the   fact   that   these  buildings   included  also   those  with  very  old  plumbing  74 
systems,   this  evidence  was  not  surprising  considering   that   in  most  of   them  there  75 
was   no   hot  water   production   system.   Indeed,   Legionella   is   rarely   found   in   cold  76 
water  as  this  bacteria  are  known  to  proliferate  between  25  and  42  °C  [1,6].     77 

Legionella  was  found  in  only  five  buildings  of  the  entire  campus  and  in  only  78 
three   cases   the   levels   of   contamination   were   above   the   limit   (>   103   cfu/litre)   at  79 
which,   according   to   the   Italian   national   guidelines   in   the   absence   of   human  80 
infection   cases   [6],   remedial   actions   are   required.   Further,   molecular   analysis  81 
indicated   that   the   contaminations  were   only   partially   ascribed   to   L.   pneumophila  82 
sg1,   the   bacteria  mostly   responsible   for   causing   legionellosis   [2,3].   In   fact,   other  83 
serogroups  (sg8  and  sg10)  as  well  as  other  species  (L.  taurinensis  and  L.  anisa)  were  84 
also  found  [7].  85 

Among  the  contaminated  buildings,  two  showed  the  presence  of  Legionella  in  86 
the  hot  water  samples  with  concentrations  ranging  from  102  to  104  cfu/litre.  These  87 
buildings  were  of  recent  construction  and  featured  hot  water  supply  systems  based  88 
either   on   centralized   or   single   heaters   (boilers),   where   high   water   temperatures  89 
could  be  achieved  and  maintained  throughout.  In  this  cases,  a  thermal  disinfection,  90 
i.e.   raising   and   maintaining   the   water   temperature   above   the   level   at   which  91 
Legionella  cells  do  not  survive  (>  60  °C),  was   implemented  [1,6,8].  This  approach  92 
proved  to  be  effective  as  Legionella  was  absent  in  the  water  samples  taken  after  48  93 
hours  and  in  the  following  periodical  monitoring.        94 

One  case  proved  to  be  more  complicated.  Legionella  contaminations,  up  to  104  95 
cfu/litre   and   identified   as   L.   pneumophila   sg   1,   were   found   in   the   samples   taken  96 
from   the   hot  water   distribution   taps   and   in   the   hot  water   production   unit   (heat  97 
exchanger),  despite  this  was  off  at  the  time  of  sampling.  Indeed,  the  sampling  was  98 
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performed   in   the   summer   period   and   the   temperature   of   these   water   samples  99 
ranged   from  23   to   25°C,   a   level   above   the   limit   (<   20°C)  under  which  Legionella  100 
proliferation  is  inhibited  [1].  On  the  contrary,  Legionella  was  absent  in  cold  water  101 
samples   taken   after   flushing,   as   well   as   in   the   common   part   of   the   water  102 
distribution  system  (network   inlet,   reservoir   tank,  water  softener),   indicating  that  103 
the   contamination   was   limited   to   the   hot   water   plumbing   system   and   likely  104 
originated  inside  the  hot  water  production  unit.  In  this  building  the  production  of  105 
hot  water  was  granted  by  a  heat  exchanger  with  the  circulating  heating  system  that  106 
doesn’t  allow  to  reach  high  water  temperatures.  Thus,  a  chemical  disinfection  with  107 
silver   hydrogen   peroxide  was   carried   out   [6,9].   One  week   after   disinfection   and  108 
turning  on  hot  water  production,  Legionella  was  absent   in  all  samples.  After  one  109 
month,  Legionella  was   found  again   in  hot  water   samples,   though  at   lower   levels  110 
than  before  treatment  (102-‐‑103  cfu/litre),  while  after  four  months  the  contamination  111 
raised   above   105   cfu/litre,   overreaching   the   levels   found   before   the   disinfection.  112 
Noticeably,   the  water   temperature   inside   this   heat   exchanger   ranged,  during   the  113 
day,  between  22  and  48°C  suggesting  that,  even  after  disinfection,  the  re-‐‑growth  of  114 
Legionella   may   have   been   favored   by   the   conditions   inside   the   hot   water  115 
production   unit   [1,6].   Further,   the   treatment   with   silver   hydrogen   peroxide  116 
showed  to  be  effective  in  controlling  Legionella  growth  only  in  the  short-‐‑term.  117 

4.  Conclusions     118 

A  one  year-‐‑long  survey  of  the  presence  of  Legionella  in  the  water  distribution  119 
systems   within   the   sparse   campus   of   the   University   of   Perugia   indicated   that  120 
contaminations  were   limited   to   few  buildings.  Thermal  disinfection  was  effective  121 
in  those  cases  where  the  hot  water  supply  systems  allowed  to  maintain  the  water  122 
temperature  above  the  level  at  which  Legionella  cells  do  not  survive  (>  60  °C).  On  123 
the  contrary,   in  a  building  where  Legionella  contamination  originated  in  the  heat  124 
exchanger,  a  chemical  disinfection  with  silver  hydrogen  peroxide  was  carried  out  125 
but  proved  to  be  effective  only  in  the  short-‐‑term.  126 

Taken  together,  the  results  obtained  in  the  case  study  herein  reported  indicate  127 
how  a  multidisciplinary  approach  that  integrates  microbiological  analysis  with  the  128 
survey  of  building’s  plumbing  systems   is  necessary   for   the  definition  of  effective  129 
strategies  for  Legionella  prevention  and  control.  130 

  131 
Acknowledgments:  This  research  was  funded  by  the  University  of  Perugia,  The  Dept.  of  Chemistry,  Biology  132 
and   Biotechnology   “Fondo   Ricerca   di   Base   2015”,   Fondazione   Cassa   Risparmio   Perugia,   under   the   project  133 
“Hydraulic   and  Microbiological  Combined  Approach   Towards  Water  Quality  Control   (No.   2015.0383.021)”,  134 
and   Italian  Ministry  of  Education,  University  and  Research   (MIUR)  under   the   following  projects  of   relevant  135 
national  interest  (PRIN):  “Advanced  Analysis  Tools  for  the  Management  of  Water  Losses  in  Urban  Aqueducts”  136 
and  “Tools  and  Procedures  for  an  Advanced  and  Sustainable  Management  of  Water  Distribution  Systems”.     137 
Conflicts  of  Interest:  The  authors  declare  no  conflict  of  interest.     138 

References  139 



Journal  Name  2016,  x,  x   5  of  4  

 

1. Berjeaud,   J.M.,   Chevalier,   S.,   Schlusselhuber,  M.,   Portier,   E.,   Loiseau,   C.,  Aucher,  W.,   Lesouhaitier,  O.,  140 
Verdon,   J.   (2016).  Legionella   pneumophila:   The   Paradox   of   a  Highly   Sensitive  Opportunistic  Waterborne  141 
Pathogen  Able  to  Persist  in  the  Environment.  Front  Microbiol,  7,  486.  142 

2. Mercante,   J.W.,  Winchell,   J.M.   (2015).   Current   and   emerging   Legionella   diagnostics   for   laboratory   and  143 
outbreak  investigations.  Clin  Microbiol  Rev,  28(1),  95-‐‑133.  144 

3. European   Centre   for   Disease   Prevention   and   Control   (2015).   Legionnaires’   Disease   in   Europe,   2013.  145 
ECDC,  Stockholm.  146 

4. Liu,   G.,   Verberk,   J.Q.,   Van   Dijk,   J.C.   (2013).   Bacteriology   of   drinking   water   distribution   systems:   an  147 
integral  and  multidimensional  review.  Appl  Microbiol  Biotechnol,  97(21):  9265-‐‑76.  148 

5. Prest,  E.I.,  Hammes,  F.,  van  Loosdrecht,  M.C.,  Vrouwenvelder,  J.S.  (2016).  Biological  Stability  of  Drinking  149 
Water:  Controlling  Factors,  Methods,  and  Challenges.  Front  Microbiol,  7:  45.     150 

6. Conferenza  Stato-‐‑Regioni.  (2015).  Linee  guida  per  la  prevenzione  ed  il  controllo  della  legionellosi.     151 
7. Ratcliff,   R.M.,   Lanser,   J.A.,   Manning,   P.A.,   Heuzenroeder,   M.W.   (1998).   Sequence-‐‑based   classification  152 

scheme  for  the  genus  Legionella  targeting  the  mip  gene.  J  Clin  Microbiol.  36(6):  1560-‐‑7.  153 
8. Lin,  Y.E.,  Stout,  J.E.,  Yu,  V.L.  (2011).  Controlling  Legionella  in  hospital  drinking  water:  an  evidence-‐‑based  154 

review  of  disinfection  methods.  Infect  Control  Hosp  Epidemiol.  32(2):  166-‐‑73.  155 
9. Pearson,  S.  (2015)  Silver  biocide'ʹs  real-‐‑world  success.  Health  Estate  Journal,  March  2015:  60-‐‑64.     156 

  157 
  158 
  159 

©  2016  by  the  authors;   licensee  MDPI,  Basel,  Switzerland.  This  article   is  an  open  access  160 
article   distributed   under   the   terms   and   conditions   of   the   Creative   Commons   by  161 
Attribution  (CC-‐‑BY)  license  (http://creativecommons.org/licenses/by/4.0/). 162 


