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Abstract  36 

During   the  period   from  April  2012   to  May  2013,  13  newborns  and  one  child   in  a  paediatric  37 

hospital   ward   in   Germany   were   found   to   be   colonised   with   a   distinct   clinical   clone   of   an  38 

(extended   spectrum   β-lactamase)   (ESBL)-producing   Klebsiella   oxytoca.   This   clone   was  39 

specific  to  this  hospital  and  had  not  been  previously  isolated  in  Germany.    40 

A  source-tracking  analysis  was  carried  out  to  identify  the  source  and  transmission  pathways  41 

of  the  ESBL-producing  K.  oxytoca  clone.  A  systematic  environmental  survey  of  the  ward  and  42 

an  audit  of  the  procedures  for  cleaning  and  disinfecting  surfaces,  instruments,  incubators,  and  43 

washing  machines  was  performed.  Microbiological  samples  were  obtained  from  environmental  44 

surfaces.  Risk  factors  were  analysed  for  epidemiological  linkage.    45 

Isolates   of   an  ESBL-producing  K.   oxytoca  were   found   in   the   detergent   drawer   and   on   the  46 

rubber  door  seal  of  a  washing  machine  and  in  two  sinks.  These  strains  were  typed  by  pulsed-47 

field-gel-electrophoresis  (PFGE)  and  compared  with  the  isolates  from  the  newborns  and  their  48 

clothing  and  found  to  be  identical.  The  retrospective  analysis  demonstrated  that  only  newborns  49 

who  had  worn  clothes  that  had  been  washed  in  the  washing  machine  were  colonised  with  the  50 

identical   clone.   After   the   washing   machine   was   taken   out   of   use,   no   further   cases   were  51 

detected  over  the  following  4-year  period.    52 

We  conclude  that  washing  machines  are  potential  reservoirs  and  vectors  for  transmission  of  53 

Enterobacteriaceae,  and  likely  other  bacteria.  54 

Importance  55 

Washing  machines  should  be  further  investigated  as  possible  sites  for  horizontal  gene  transfer  56 

(ESBL-/carbapenemase-genes)   and   cross-contamination   of   clinically   important   Gram-57 

negative   strains.   Particularly   in   the   healthcare   sector,   the   knowledge   of   possible   (re-)  58 

contamination   of   laundry   (patients’   clothes,   staff   uniforms)   with   multidrug-resistant   Gram-59 

negative   bacteria   could   help   to   prevent   and   control   nosocomial   infections.   To   date,   the  60 

potential  of  the  washing  machine  as  a  source  and  vector  of  antibiotic-resistant  gram-negative  61 

bacteria  causing  an  outbreak  in  a  clinical  setting  has  not  been  investigated.  This  report  shows  62 

that  sampling  of  washing  machines  should  be  included  in  environmental  audits  associated  with  63 
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outbreak  control  management,  and  conditions  for  the  laundering  of  baby  clothing  should  be  64 

reviewed.  65 

66 
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Introduction  67 

Background  68 

Newborns   are   vulnerable   to   sporadic   infections   and   outbreaks   caused   by   nosocomial  69 

pathogens.  Frequent  reports  have  described  potential  risk  factors  associated  with  multidrug-70 

resistant  Klebsiella  spp.   (1-9).  Colonisation  with  antibiotic-resistant  bacteria  such  as  ESBL-71 

producing  Klebsiella   oxytoca   can   lead   to   clinical   disease   in   newborns,  with   life-threatening  72 

consequences   (10-15).   Nevertheless,   the   causal   environmental   reservoir   and   transmission  73 

pathways  have  been  elucidated  in  only  a  few  outbreak  studies  (16-18).  74 

For  the  sustainable  control  of  outbreaks,  it  is  imperative  to  elucidate  the  causal  reservoir  and  75 

bring   it   under   control.   The   new   2017   German   legislation   demands   that   probable   infection  76 

reservoirs   must   be   identified   by   typing   methods   as   a   result   of   source   tracking.   Washing  77 

machines  and  clothing  are  not  currently  assessed  as  potential  reservoirs  and  transmitters  in  78 

outbreaks  of  nosocomial  infections,  despite  evidence  that  a  potential  health  risk  due  to  cross-79 

contamination  of  contaminated  laundry  cannot  be  excluded  (19-21).  80 

  81 

Case  description  82 

During  the  period  from  April  2012  to  May  2013,  increased  rates  of  colonisation  (no  infection)  83 

with  ESBL-producing  Enterobacteriaceae,  particularly  K.  oxytoca  isolates,  were  recorded  in  a  84 

perinatal  centre  (PNC)  and  on  several  wards  in  a  children’s  hospital  in  Germany.  Isolates  were  85 

considered  as  hospital-acquired  if  the  first  specimen  yielding  resistant  K.  oxytoca  was  obtained  86 

³  3  days  following  admission  or  if  the  specimen  was  obtained  <  3  days  following  admission  in  87 

a  patient  who  had  been  hospitalised  at   the  outbreak  hospital  within   the  previous  3  months.  88 

Patients  were  characterised  as  colonised  but  not  infected  according  to  CDC  definitions  (22).  89 

The   first   seven   cases   were   identified   following   the   introduction   of   a   standard   screening  90 

procedure.   During   the   period   from   August   to   October   2012,   K.   oxytoca   was   repeatedly  91 

identified  in  5  out  of  80  infants  born  in  the  Obstetrics  Ward  and  treated  in  the  PNC.    92 

  93 

.CC-BY-NC-ND 4.0 International licenseavailable under a
not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (which wasthis version posted June 23, 2018. ; https://doi.org/10.1101/354613doi: bioRxiv preprint 

https://doi.org/10.1101/354613
http://creativecommons.org/licenses/by-nc-nd/4.0/


 
5 

Methods  94 

Control  management  and  containment  measures    95 

When  the  first  cases  occurred  in  April  2012,  the  responsible  clinician  informed  the  Head  of  the  96 

Infection  Control  Department  and  the  Public  Health  Officer  of  the  Public  Health  Department,  97 

and  a  task  force  was  constructed.  The  task  force  developed  a  targeted  management  strategy  98 

to   analyse   the   cases,   while   also   focusing   on   common   risk   factors   to   identify   the  99 

source/reservoir  of  the  K.  oxytoca  strain  and  allow  the  outbreak  to  be  controlled.  The  detailed  100 

management  procedures  are  presented  in  Table  S1.    101 

Within  three  management  phases,  a  screening  of  all  healthcare  workers  at  the  PNC,  Intensive  102 

Care  Unit   (ICU),   and  Obstetrics   Department   was   obtained.   However,   since   no   sources   or  103 

transmission   route  had  been   identified  and  positive  cases  were  still  occurring  following   two  104 

rounds   of   infection   control   measurements,   by   October   2012,   a   third   phase   of   measures  105 

(October  2012  to  June  2013)  was  initiated  (Table  S1).  In  March  2013,  cases  were  still  occurring  106 

and  it  was  decided  to  consult  an   infection  control  expert  who  reviewed  the  measures  taken  107 

and   recommended   identification   and   sampling   of   specific   risk   factors   (water/wastewater  108 

reservoirs,  e.g.  washing  machines).  109 

  110 

Screening  of  the  newborns,  mothers,  and  healthcare  workers    111 

All  paediatric  patients  from  six  different  wards  (including  the  ICU  and  the  PNC)  were  screened  112 

for  ESBL-producing  Enterobacteriaceae.  Screening  swabs  were  taken  from  the  anal  region,  113 

throat/sputum,  and  wounds.  Newborns  were  screened  directly  after  birth,  48  hours  after  birth,  114 

and  weekly   thereafter.  All   other   inpatient   children  were   screened  at   admission  and  weekly  115 

thereafter.  In  addition,  an  intensified  screening  of  all  mothers,  firstly  on  admission  and  secondly  116 

on  discharge,  was  performed  to  rule  out  nosocomial  contamination  during  their  stay.  117 

Further  screening  of  all  healthcare  workers  (physicians,  nurses,  and  cleaning  personal  working  118 

in  the  PNC,  ICU,  and  Obstetrics  Department)  was  conducted  to  identify  any  carriers  of  the  K.  119 

oxytoca  strain.    120 
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  121 

On-site  inspections  and  environmental  monitoring  122 

Several  on-site  inspections  were  made  in  all  areas  that  were  functionally  related  to  the  affected  123 

wards.  The   first   inspection  was  performed   in  October  2012.  Samples  of   surrounding  areas  124 

were  obtained  in  May  and  October  2012  by  the  intern  Infection  Control  Expert  and  by  the  Head  125 

of  the  Microbiology  Laboratory.  The  second  on-site  inspection  focusing  on  the  PNC  took  place  126 

in  June  2013  by  an  external  Hygienist  together  with  the  Public  Health  Officer.  Environmental  127 

and  water  samples  were  taken  by  an  experienced  Infection  Control  Practitioner.  An  overview  128 

of  the  analyses  of  the  first  and  second  on-site  inspections  and  related  measures  is  given  in  129 

Table  S2.  A  detailed  list  of  the  sampling  points  and  types  is  given  in  the  Supplemental  Material  130 

and  Table  S3.  131 

During  the  first  on-site   inspection,  sampling  via  contact  culture  plates  was  performed   in   the  132 

immediate  surroundings  of  the  newborns,  children,  and  newly  admitted  mothers  in  the  PNC,  133 

ICU,  and  Obstetrics  Department.  During  the  second  on-site  inspection,  the  sample  area  was  134 

enlarged.  All  premises  (staff  room,  patient  rooms,  preparation  rooms,  and  storage  rooms)  were  135 

sampled,  including  storage  rooms  for  the  preparation  of  the  incubators  and  the  laundry  room  136 

on  the  ground  floor.    137 

Additional  environmental  samples  were  collected  from  syphons,  sinks,  toilets,  showers,  and  138 

water  boilers   (drinking  water,  wastewater,  etc.)   (Tables  S2  and  S3).  All   disinfectants   (cloth  139 

dispenser  system,  etc.)  and  wipes  for  disinfecting  the   incubators  as  well  as  care  emulsions  140 

from  staff  and  patient  rooms  were  collected  for  laboratory  analyses  (Table  S3).  Swab  samples  141 

were  obtained  from  the  two  washing  machines  and  the  tumble  dryer  via  sterile  environmental  142 

swab  tubes.  Wastewater  and  residual  water  from  the  outlet  drains  was  collected,  and  swabs  143 

were  taken  from  the  rubber  mantle  of  the  washing  machine  as  well  as  native  water  samples  144 

(Table  S3).    145 

In  a  further  step,  all  clothing  that  had  been  washed  in  one  of  the  washing  machines  and  worn  146 

by  the  affected  newborns  was  collected  and  microbiologically  analysed.  These  were  mainly  147 
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socks  and  hats  knitted  from  cotton  and  wool.  No  documentation  regarding  the  distribution  of  148 

responsibilities  or  manner  of  use  of  the  washing  machine  exists;;  therefore,  the  temperature  at  149 

which  clothing  worn  by  newborns  and  other  laundry  were  washed  in  this  washing  machine  is  150 

untraceable.  According  to  protocol,  all  clothing  should  have  been  washed  at  a  temperature  of  151 

at  least  65°C  in  a  “medical  wash”  program;;  however,  as  far  as  can  be  reconstructed,  in  this  152 

case,  the  socks  and  hats  had  been  washed  at  40°C  with  an  approved  industrial  disinfectant  153 

detergent.  154 

  155 

Laboratory  analyses  156 

Environmental   samples   obtained   during   the   first   on-site   inspection   were   analysed   in   a  157 

laboratory   at   the   Bionovis   Hygiene   Institute   Joachim   Kruff   e.K.   in   Giessen.   Environmental  158 

probes   from   the   second   on-site   inspection  were   analysed   at   the   Institute   for   Hygiene   and  159 

Public  Health  of  the  University  Hospital,  Bonn.  All  staff  and  newborn  samples  were  analysed  160 

in   the  Microbiology  Laboratory  of   the  affected  hospital   (Laboratory  Corporation,  Dr.  Dirkes-161 

Kersting  and  Dr.  Kirchner  mbH,  Siegen).  All  samples  were  stored  at  4°C  during  transport  to  162 

the  laboratories  and  inoculated  within  48  hours.    163 

All   human   samples   were   streaked   on   MacConkey   (Oxoid   Deutschland   GmbH,   Wesel,  164 

Germany)  with  a  10-µg   imipenem  disk  (bioMérieux  SA,  Marcy-Étoile,  France)  and  selective  165 

agar  plates,  i.e.  CHROMagarESBL  (Oxoid  Deutschland  GmbH,  Wesel,  Germany)  with  a  10-166 

µg  ertapenem  disk  (bioMérieux  SA).    167 

At   the   Bionovis   Hygiene   Institute,   all   BD   RODACTM   contact   plates   (Æ   55   mm,   Becton   &  168 

Dickinson,  Heidelberg,  Germany)  were  incubated  at  36  ±  1°C  for  48  hours.  The  swab  specimen  169 

was  spread  onto  MacConkey  (Oxoid  Deutschland  GmbH,  Wesel,  Germany)  and  BD  Columbia  170 

Agar  with  5%  sheep  blood.  171 

At  the  Institute  of  Hygiene  and  Public  Health  in  Bonn,  all  environmental  swabs  were  streaked  172 

on   Columbia   /   5%   sheep   blood   agar   plates   (Becton   Dickinson,   Heidelberg,   Germany),  173 

MacConkey  (Oxoid  Deutschland  GmbH,  Wesel,  Germany;;  Art.  No.  PO5002A),  and  selective  174 
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agar  plates,   i.e.  CHROMagarESBL   (bioMérieux  SA,  Marcy-Étoile,  France;;  Art.  No.  43481).  175 

Plates  were  incubated  at  37  ±  1°C  for  48  hours.  Additionally,  the  swabs  were  inoculated  into  176 

Caseinpepton-Soy   flour   peptone-bouillon   (CASO-bouillon)   (Merck   KGaA,   Darmstadt,  177 

Germany).  The  CASO-bouillons  were  incubated  at  37  ±  1°C  for  24  hours.  178 

The  disinfectant  wipes,  socks,  and  knitted  hats  of  the  newborns  were  inoculated  into  200  mL  179 

CASO-bouillon  with  TSHC  (+3%  Tween  Merck,  Art.  No.:  8.22187;;  +3%  Saponine,  Roth,  Art.  180 

No.   5185.1;;   +0.1%   Histidine   Merck,   Art.   No.   1.04351;;   +0.1%   Cysteine,   Merck,   Art.   No.  181 

1.02839;;  TSHC)  (Art.  No.  1.05459,  Merck  KGaA,  Darmstadt,  Germany),  homogenised  for  60  182 

seconds   (Stomacher   400,   Seward   Limited,   West   Sussex,   United   Kingdom),   and   filtered  183 

(membrane-filter  Millipore  Hydrosol,  250  ml  cup).  2  x  100  mL  extract  was  filtered  on  ESBL  and  184 

MacConkey  agar,  rinsed  with  100  mL  0.9%  NaCl,  and  incubated  at  37°C  for  24−48  hours.  In  185 

parallel,  a  dilution  series  was  made,  and  100  μL  of  each  concentration  was  plated  on  both  186 

ESBL  and  MacConkey  agar.  The  emulsions  were  treated  in  the  same  manner  as  the  wipes,  187 

except  that  shredding  was  not  necessary.      188 

For  the  water  samples,  approximately  100  mL  was  collected  in  a  sterile  polystyrene  cup  (article  189 

no.  225170,  Greiner,  Frickenhausen,  Germany)  and  filtered  twice  (2  x  50  mL)  through  a  sterile  190 

nitrocellulose  membrane  filter  (pore  size  0.45  ±  0.02  µm,  Ø  47  mm,  black  grid  from  Millipore,  191 

Art.  No.  EZHAWG  474),  according  to  Schulz  and  Hartung  (2009).  After  filtration,  the  membrane  192 

was  placed  on  selective  CHROMagar  ESBL  and  MC  agar  plates  (bioMérieux  SA,  Marcy-Étoile,  193 

France).  In  addition,  three  10-fold  dilutions  were  prepared  using  sterile  NaCl,  and  100  µL  each  194 

dilution  was  plated  on  CHROMagar  ESBL  and  MC  agar.    195 

All   Enterobacteriaceae   detected   on   CHROMagarESBL   were   identified   via   API   20   E   V4.1  196 

apiwebTM   (bioMérieux   SA,   Marcy-Étoile,   France)   and   matrix-assisted   laser  197 

desorption/ionisation   time-of-flight   mass   spectrometry   (MALDI-TOF   MS,   bioMérieux   SA   or  198 

Bruker,  Billerica,  USA).    199 

Antibiotic   susceptibility   was   determined   on   a   VITEK-2   (bioMérieux   SA),   and   results   were  200 

interpreted  using  EUCAST  criteria.  Susceptibility  to  antibiotics  was  tested  using  the  Micronaut-201 
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S  MDR  MRGN-Screening  3  system  (MERLIN,  Gesellschaft  für  mikrobiologische  Diagnostika  202 

GmbH,  Bornheim-Hersel,  Germany).    203 

ESBL-production  was  confirmed  by  PCR  detection  of  CTX-M.  To  this  end,  three  specific  primer  204 

sets  were  used  to  detect  β-lactamase-encoding  genes  belonging  to  the  blaTEM,  blaSHV,  and  205 

blaCTX-M  families   (23-25).  For  DNA  template  preparation,  one   loop  of  bacteria   (1  µL)  was  206 

resuspended  in  200  µL  10  mM  Tris-EDTA  buffer  (pH  8)  and  incubated  for  10  minutes  at  95°C.  207 

Cell   debris   was   removed   by   centrifugation   (20,000   x   g   for   3  minutes).   The   following   PCR  208 

conditions  were  employed:  a  4-minute  initial  denaturation  at  94°C;;  35  cycles  of  denaturation  209 

at   94°C   (30   seconds),   annealing   at   55°C   (30   seconds),   elongation   at   72°C   (60   seconds);;  210 

followed  by  a  final  extension  at  72°C  for  5  minutes.  The  PCR  products  were  visualised  by  gel  211 

electrophoresis  on  a  1%  agarose/TBE  gel,  and  stained  with  Midori  Green  (Biozym  Scientific  212 

GmbH,   Hessisch   Oldendorf,   Germany).   The   resulting   amplicons   were   purified   using   an  213 

innuPREP   DOUBLEpure   Kit   (Analytik   Jena   AG,   Jena   Germany)   according   to   the  214 

manufacturer's   recommendations.   Custom-sequencing   was   performed   by   Microsynth  215 

(Göttingen,  Germany).  The  nucleotide  sequences  were  analysed  using  Chromas  2.6.5.  216 

All  K.  oxytoca   isolated   from  clinical  samples  and  environmental  sources  were   typed  by   the  217 

German   National   Reference   Centre   (NRC)   using   pulsed-field   gel-electrophoresis   (PFGE),  218 

according  to  Tenover  et  al.,  (1995)  (26)  and  modified  according  to  Ribot  et  al.,  (2006)  (27).    219 

  220 

Results  221 

  222 

Detailed  outbreak  course  and  results  of  the  clinical  and  staff  samples  223 

During  the  period  from  April  2012  to  May  2013,  a  total  of  27  children  were  colonised  with  K.  224 

oxytoca.  Almost  every  month,  one  additional  case  was  identified.  The  occurrence  of  K.  oxytoca  225 

varied   from  sensitive   isolates  with  no  ESBL-activity   to  ESBL-producing  K.  oxytoca   and   the  226 

particular  ESBL-producing  K.  oxytoca  type-00531.  Subtyping  shows  that  the  K.  oxytoca  type-227 
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00531  has  never  been  detected  before  in  the  NRC.  According  to  the  numbering  of  the  NRC,  228 

the  term  “special  K.  oxytoca  “type-00531”  was  used  for  description.  229 

The   ESBL-producing   K.   oxytoca   strains   were   intermediately   resistant   to  230 

piperacillin/tazobactam,   with   a   minimum   inhibitory   concentration   (MIC)   of   16   mg/L,   and  231 

resistant   to   cefotaxime   (MIC   ³   64   mg/L)   and   ceftazidime   (MIC   8   mg/L).   Considering   this,  232 

according  to  the  German  Classification  for  Multidrug-resistant  Gram-negative  Microorganisms  233 

(MRGN),  the  strains  could  be  classified  as  “2MRGN  NeoPäd”.  234 

Fig.   1   summarises   the   occurrence   of   cluster-related   ESBL-producing   K.   oxytoca   clinical  235 

isolates  over  time  in  the  PNC,  ICU,  and  on  four  different  wards.  Fourteen  children  were  positive  236 

for  the  ESBL-K.  oxytoca   type-00531.  Four  K.  oxytoca  strains  were  carrying  ESBL  but  could  237 

not  be  classified  as  type-00531.  In  nine  children,  K.  oxytoca  without  the  ESBL-enzyme  was  238 

detected.    239 

Fig.  2  shows  the  age  distribution  of  the  colonised  children  over  the  entire  outbreak  period.  For  240 

all  newborns  and  infants,  K.  oxytoca  was  mostly  identified  by  anal  swab  screening.  In  9  out  of  241 

24   newborns   (1−4   weeks   old)  K.   oxytoca   was   also   detected   in   throat   samples.   The   older  242 

children  were  more  likely  to  have  colonised  wounds  (no  ESBL-K.  oxytoca,  14  years  old,  ward  243 

4)  or  PEG-tubes  (percutaneous  endoscopic  gastrostomy)  (no  ESBL-Klebsiella,  17  years  old,  244 

ward  3).  However,  a  4-year-old  Arabic  boy   in   the   ICU,  who  never  had  any  contact  with   the  245 

PNC,  also  showed  anal  colonisation  with  type-00531  ESBL-K.  oxytoca  in  March  2013.  246 

Until  October  2012,  only  newborns  (<  4  weeks  old)  in  the  PNC  or  infants  (6−8  weeks  old)  in  247 

the  ICU  were  affected  with  ESBL-K.  oxytoca,  either  with  or  without  type-00531  (Fig.  1).  From  248 

the  end  of  October  2012  to  February  2013,  K.  oxytoca  was  also  detected  on  other  wards  and  249 

in  older  paediatric  patients  (see  above);;  however,  these  strains  were  not  similar  to  the  type-250 

00531  that  had  been  prominent  in  the  previous  months.    251 

Among  these  was  a  newborn  (aged  <4  weeks)  who  initially  tested  negative  in  the  PNC,  but  252 

subsequently   tested   positive   for   ESBL-K.   oxytoca   (nontype-00531)   during   the   screening  253 

procedure  in  the  ICU.  From  August  2012  to  March  2013,  a  total  of  six  cases  were  positive  for  254 
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ESBL-K.  oxytoca  type-00531,  with  5  of  the  6  cases  (4  caesarean  sections,  2  vaginal  deliveries)  255 

being  positive  in  the  second  testing  but  negative  in  the  initial  screening  (postpartum).    256 

During  an  extended  screening  of  mothers  and  healthcare  workers,  a  total  of  695  swabs  from  257 

428   persons   (vaginal   and   rectal)   were   obtained   on   the   Obstetrics   Ward.   The   screening  258 

identified  four  cases  of  K.  oxytoca  with  typical  resistance,  five  cases  with  ESBL-producing  E.  259 

coli,  and  1  ESBL-producing  K.  pneumoniae.  Although  most  of  the  mothers  were  treated  with  260 

antibiotics,  no  case  of  transmission  between  mother  and  newborn  was  documented.  No  person  261 

was  positive  for  the  special  type-00531  ESBL-producing  K.  oxytoca.    262 

  263 

Results  of  the  environmental  monitoring  264 

All   environmental   samples   (Tables   S2   and   S3)   taken   during   the   first   and   second   on-site  265 

inspections   tested   negative   for   Gram-negative   Enterobacteriaceae   and   non-fermenting  266 

organisms.  During  the  second  on-site  sampling  in  October  2012,  only  low  concentrations  of  267 

Gram-positive   skin   and   environmental   bacteria   were   detected:   coagulase-negative  268 

staphylococci,  micrococci,  and  gram-positive  rods.  However,  during  the  third  on-site  inspection  269 

in   June   2013,   Gram-negative   Enterobacteriaceae   and   non-fermenting   organisms   were  270 

detected.  All  K.  oxytoca  isolates  were  identical  ESBL-producing  strains  and  belonged  to  type-271 

00531  (Table  1).    272 

  273 
Water-associated   bacteria   such   as   P.   aeruginosa,   Serratia   spp.,   Enterobacter   spp.,   K.  274 

pneumoniae,  and  Stenotrophomonas  maltophilia  were  detected  in  the  syphons  of  hand  wash  275 

basins.  Identical  clones  of  K.  oxytoca  type-00531  were  isolated  from  the  syphons  of  two  sinks  276 

in  the  healthcare  workers’  staff  room  and  in  the  room  used  for  cleaning  and  disinfection.  K.  277 

oxytoca  could  be  detected  prior  to  but  not  following  water  flushing  of  the  sinks.  Accordingly,  278 

following   periods   of   stagnation,   a   significant   increase   in   the   level   of   contamination   in   the  279 

syphon  water  up  to  106  CFU  /  mL  was  observed.  The  same  clone  was  also  isolated  in  high  280 

concentrations   (Table   1)   from   samples   of   residual  water   in   the   rubber   seal   and   one   swab  281 
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sample   (in   addition   to   P.   aeruginosa)   from   the   detergent   compartment   of   one   of   the   two  282 

washing  machines.    283 

Following   identification   of   the  washing  machine   as   a   potential   reservoir   for   this   specific  K.  284 

oxytoca  clone,  newborn  clothing  (hats  and  socks)  that  had  been  washed  in  this  machine  were  285 

microbiologically   analysed.  K.   oxytoca   of   the   same  specific   clone  was   isolated  with   a   total  286 

count  of  >  109.  287 

All   ESBL-producing  K.   oxytoca   type-00531   found   in   the  water   and   environmental   samples  288 

were   also   intermediately   resistant   to   piperacillin/tazobactam,   with   a   minimum   inhibitory  289 

concentration  (MIC)  of  16  mg/L,  and  resistant  to  cefotaxime  (MIC  ³  64  mg/L)  and  ceftazidime  290 

(MIC  8  mg/L).  Thus,  since  these  strains  were  coherent  to  the  resistance  status  of  the  newborn  291 

strains,  the  environmental  strains  could  also  be  classified  as  “2MRGN  NeoPäd”.  The  presence  292 

of  ESBL  genes  was  confirmed  by  PCR  in  two  strains,  both  of  which  were  CTX-M-15-positive.  293 

  294 

Epidemiological  links  295 

All  clinical  and  environmental   isolates  displayed  an  identical  banding  pattern  by  pulsed-field  296 

gel-electrophoresis,  and  were  thus  considered  clonally  identical;;  the  unique  ESBL-producing  297 

K.   oxytoca   type-00531.   Therefore,   this   distinct   clinical   clone   was   specific   for   the  298 

newborns/infants  and  the  environment  in  this  children’s  hospital.    299 

Retrospective  analysis  demonstrates  that  only  newborns  who  had  worn  clothing  that  had  been  300 

washed  in  the  washing  machine  were  colonised  with  the  identical  K.  oxytoca  clone.  Although  301 

the  syphons  of  the  staff  sinks  were  also  identified  as  a  possible  reservoir,  no  staff  members  302 

were   identified  as  positive  carriers  or  spreaders  of  ESBL-Enterobacteriaceae  at   the   time  of  303 

screening.  304 

  305 

Long-term  clinical  effects  /  concomitant  infection  control  interventions  306 

After  the  washing  machine  was  taken  out  of  use,  no  further  cases  of  colonisation  of  newborns  307 

by  K.  oxytoca  have  been  detected  to  date.  All  washing  machines  used  for  internal  cleaning  of  308 
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patient-associated  clothing  were  removed,  and  thereafter,  all  garments  worn  by  the  newborns  309 

and   children   were   laundered   by   a   professional   external   hospital   laundry   service.   The   two  310 

colonised   sinks   were   replaced   by   new   sinks   with   specialised   thermosyphon   systems.   As  311 

further  consequences  of  the  prolonged  cluster  process,  the  existing  infection  control  measures  312 

(isolating   colonised   patients,   enforcing   hand   hygiene   measures,   and   cleaning   the   ward,  313 

particularly  the  sinks  and  equipment)  were  reinforced.  The  screening  plan  for  all  newborns  and  314 

children,   and   all   measures   implemented   within   the   containment   program,   have   been  315 

maintained  to  date.    316 

  317 

Discussion  318 

Waterborne  outbreaks  in  healthcare  systems  319 

In  hospitals,  water  or  wastewater  that  is  contaminated  with  healthcare-associated  pathogens  320 

provides  a  potential  reservoir  for  infections  (28).  Decker  et  al.,  (2013)  (29)  concluded  that  the  321 

nature  of  the  hospital  environment  fosters  contamination  with  waterborne  pathogens.  The  most  322 

common   waterborne   pathogens   causing   healthcare-associated   infections   linked   to  323 

contaminated   hospital   water   are   Gram-negative   bacteria   including   Pseudomonas   spp.,  324 

Enterobacter  spp.,  Serratia  spp.,  Stenotrophomonas  spp.  and  Klebsiella  spp.  Gram-negative  325 

bacteria  are  also  known  to  pose  a  severe  threat  to  high-risk  patients,  especially  those  who  are  326 

immunocompromised,  including  severely  ill  patients  and  premature  infants  in  the  NICU  (30).  It  327 

is   therefore   unsurprising,   that   healthcare-associated   severe   infections   in   such   vulnerable  328 

patient  populations  caused  by  K.  oxytoca  have  most  often  been  associated  with  contamination  329 

of  environmental  reservoirs  (12,  16,  31-33).  330 

In  particular,  Leitner  et  al.,   (2015)   (34)   found   that  multidrug-resistant  organisms  were  most  331 

commonly  linked  to  contaminated  sinks  as  a  reservoir,  and  cited  an  outbreak  of  six  infections  332 

due  to  KPC-2-producing  K.  oxytoca   in  patients  with  haematological  malignancies.  However,  333 

outbreaks  caused  by  K.  oxytoca  in  neonatal  care  units  linked  to  environmental  sources  have  334 

been  rarely  described  (10,  11).  To  the  best  of  our  knowledge,  the  present  case  is  the  first  report  335 

.CC-BY-NC-ND 4.0 International licenseavailable under a
not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (which wasthis version posted June 23, 2018. ; https://doi.org/10.1101/354613doi: bioRxiv preprint 

https://doi.org/10.1101/354613
http://creativecommons.org/licenses/by-nc-nd/4.0/


 
14 

of  a  cluster  of  contaminations  with  K.  oxytoca   in  newborns   in  a  neonatal  care  unit   linked  to  336 

contaminated  water  or  wastewater.    337 

Although  common  water  reservoirs  in  healthcare  settings  have  been  identified  as  tap  water,  338 

faucets,   sink   surfaces,   bathtubs,   and   wastewater   drainage   system   drains,   sinks,   showers,  339 

toilets,  and  drainage  pipes  (30,  35),  a  potential  reservoir  that  has  so  far  been  neglected  is  the  340 

washing  machine.   Only   recently   did   Rehberg   et   al.,   (2017)   (36)   describe   the   presence   of  341 

antibiotic-resistant  bacteria  and  their  possible  transmission  in  washing  machines.  342 

  343 

Reservoirs  and  transmission  routes  of  waterborne  pathogens  in  healthcare  systems  344 

When  the  first  five  cases  occurred  between  August  and  October  2012,  it  was  suggested  that  345 

person-to-person   (between   patient-patient,   mother-patient,   or   healthcare   worker   (HCW)-346 

patient)  transmission  may  have  occurred,  even  though  this  has  never  been  described  for  K.  347 

oxytoca  to  the  best  of  our  knowledge.  Price  et  al.,  (2017)  (37)  showed  that  in  the  presence  of  348 

standard   infection   control   measures,   HCWs   were   frequent   sources   of   transmission   of   S.  349 

aureus   to   patients,   but,   thus   far,   transmission   of   Gram-negative   bacteria   has   only   been  350 

observed  between  patients,  not  originating  from  HCWs  (38).  351 

The  screening  of  HCWs  and  mothers  identified  no  cases  of  colonisation  with  the  type-00531  352 

ESBL-producing  K.  oxytoca.  The  relationship  between  sensitive  K.  oxytoca  cases  in  the  HCWs  353 

and  the  affected  newborns  remains  unclear.  An  epidemiological  link  could  neither  be  confirmed  354 

nor  ruled  out.  Since  the  occurrence  of  K.  oxytoca   isolates  continued  over  a  1-year  period,  a  355 

reservoir  in  the  environment  rather  than  hospital  personnel  or  mothers  was  suspected.  Despite  356 

the  strict  implementation  of  control  management  and  containment  measures,  newborns  and  357 

children  continued  to  acquire  the  cluster  organism  (type-00531)  and  other  sensitive  K.  oxytoca  358 

and  ESBL-producing  Enterobacteriaceae.  The  methods  of  sampling  were  changed  to  native  359 

water  sampling  and  taking  swabs  (Table  S3).  It  was  reasoned  that,  although  in  many  hygienic  360 

environmental  analyses  RODAC  plates  are  applied  to  surfaces  (39),  native  samples  often  give  361 

more  profound   insight.  Here,   the  possible  gain   in   knowledge  needs   to  be  counterbalanced  362 

against  the  increased  efforts  required  in  sample  collection  and  processing  in  the  laboratory.    363 
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  364 

Sinks    365 

Within  the  third  round  of  environmental  screening,  the  cluster  strain  was  found  in  two  sinks;;  in  366 

water  from  the  kitchen  sink  syphon  in  the  staff  room  and  in  water  from  the  hand  wash  basin  367 

syphon  in  the  nursing  care  room  /  storage  room.  Similar  to  the  K.  oxytoca  outbreak  described  368 

by  Lowe  et  al.,  (2012)  (16),  distribution  of  the  K.  oxytoca  strain  from  both  sinks  and  colonised  369 

persons  (HCWs)  cannot  be  excluded.  Sink  drains  are  critical  reservoirs,  especially  for  Gram-370 

negative   bacteria   (16,   40-43).   Once   colonised   with   Enterobacteriaceae,   further   dispersal  371 

occurs  along  the  wastewater  drainage  system  to  distal  sink  drains  connected  to  the  primary  372 

reservoir.  Further  transmission  of  these  bacteria  from  a  water  reservoir  may  occur  by  direct  373 

and  indirect  contact,  ingestion,  aspiration,  or  inhalation  of  aerosols  (30,  35,  44).  Doring  et  al.,  374 

(1996)  (40)  showed  that  splashes  of  contaminated  sink  water  could  result  in  the  colonisation  375 

of  HCWs  who  use  the  sink  to  wash  their  hands,  and  also  other   items  in  the  environment   in  376 

close  proximity.  To  prevent  contamination,  separate  sinks  should  be  used   for  handwashing  377 

and   disposal   of   contaminated   fluids   (28,   44).   In   this   case,   the   contaminated   sinks   and  378 

washbasins  were  removed  and  replaced.    379 

  380 

Washing  machine  381 

In  this  case,  the  particular  K.  oxytoca  strain  was  not  only  detected  in  two  sinks  but  also  in  a  382 

previously   unreported   water-associated   reservoir;;   the   washing   machine.   Even   recently  383 

published  articles  reviewing  the  main  water-associated  reservoirs  in  hospitals  do  not  consider  384 

the  washing  machine  as  a  potential  hazard  in  a  clinical  environment  (30,  35).  Thus  far,  case  385 

reports   regarding   washing   machines   have   only   focused   on   Gram-positive   pathogens.  386 

Sasahara   et   al.,   (2010)   (45)   described   an   association   between   contamination   of   washing  387 

machines,  bed  linens  and  an  outbreak  of  Bacillus  cereus  bacteremia.  Moreover,  Yoh  et  al.,  388 

(2010)   (46)   discussed   whether   industrial   laundry   processes   are   ineffective   in   reducing   B.  389 

cereus  contamination  of  hospital   linens.  Furthermore,  Heudorf  et  al.,  (2017)  (47)  mentioned  390 
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that  pathogens  classified  by  the  WHO  as  highest  priority  can  be  found  on  staff  gowns  can  be  391 

the  starting  point  of  transmissions  (WHO,  2017).  392 

Recently,   a   few   studies   have   suggested   the   potential   role   of   washing   machines   in   the  393 

distribution  of  antibiotic-resistant  Gram-negative  bacteria  during  laundering  (36);;  however,  to  394 

date,  no  transmission  of  pathogens  from  a  washing  machine  to  patients  could  be  proven.  In  395 

this  case,  we  hypothesise  that  the  K.  oxytoca  strain  type-00531  was  disseminated  after  the  396 

washing  process  via  the  residual  water  on  the  rubber  mantle  and/or  via  the  final  rinsing  process  397 

that  runs  unheated  and  untreated  water  through  the  detergent  compartment.  Consequently,  398 

we  conclude  that  newborns  were  colonised  by  wearing  hats  and  socks  that  were  contaminated  399 

by   the   washing   process.   The   contamination   of   the   sinks   is   thought   to   be   due   to   the  400 

handwashing  of  the  HCWs  and  not  the  primary  source.  401 

Finally,  it  remains  unclear  how  the  washing  machine  could  become  contaminated  and  serve  402 

as   a   distributor;;   however,   once   contaminated,   Enterobacteriaceae   can   survive   in   wet  403 

environments  for  an  extended  period  of  time  (44),  especially  waterborne  bacteria  such  as  P.  404 

aeruginosa  and  Klebsiella  strains,  which  have  the  ability  to  survive  in  a  viable  but  not  culturable  405 

state.   Similarly,   their   environmental   stability   is   supported   by   the   formation   of   biofilms   to  406 

enhance  their  chances  of  multiplication  and  horizontal  gene  transfer  (48).    407 

Rehberg   et   al.,   (2017)   (36)   demonstrated   that   antibiotic-resistant   bacteria   can   survive   the  408 

washing  process.  For  tests  with  P.  aeruginosa  outbreak  strains,  even  at  temperatures  above  409 

50°C,  no  reduction  could  be  achieved.  Even  if  high  laundering  temperatures  had  been  used,  410 

it  is  likely  that  the  temperature  in  the  area  of  the  rubber  mantle  or  the  rubber  door  seal  would  411 

have  been  much  lower,  providing  an  optimal  humid  environment  and  nutrient  supply  for  growth  412 

of   Gram-negative   microorganisms   (48,   49).   Moreover,   the   occasional   use   of   washing  413 

machines  at  low  temperatures  supports  the  formation  of  biofilms  (19).    414 

  415 

Conclusion  416 
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While  previous  studies  have   implicated  sinks  as  potential   reservoirs   for  clusters  of   infection  417 

caused  by  K.  oxytoca,   this   is   the   first   report   implicating  washing  machines  as  a   confirmed  418 

reservoir.  Generally,  to  contain  such  a  nosocomial  colonisation  cluster  with  several  potential  419 

environmental   reservoirs,   a   multi-dimensional   containment   approach   is   necessary.   In   this  420 

case,  the  approach  included  reinforcement  of  infection  control  policies  (hand  hygiene,  contact  421 

precautions,   isolation,   admission/routine   anal   screening,   clear   delineation   between  422 

handwashing   sinks   and   sinks   used   for   other   purposes),   and   intensified   cleaning   or  423 

replacement   of   the   sinks.   However,   it   was   only   after   the   main   environmental   source,   the  424 

washing  machine,  was  removed  and  alternative  arrangements  for  laundering  of  clothing  were  425 

made,  that  the  colonisation  cluster  was  terminated.  Based  on  this,  washing  machines  should  426 

be  further  considered  as  a  “playground”  for  horizontal  gene  transfer  (ESBL-/carbapenemase-427 

genes)  and  cross-contamination  of  clinically  important  Gram-negative  strains.  The  results  also  428 

suggest  that  for  the  prompt  management  of  outbreaks  or  colonisation  clusters,  the  choice  of  429 

environmental   sampling   points   should   take   into   account   the   ecological   properties   of   the  430 

causative  strain  in  order  to  indicate  where  it  is  most  likely  to  be  found.  The  study  also  suggests  431 

that   manufacturers   of   washing   machines   used   in   institutional   settings   where   vulnerable  432 

patients   are   being   cared   for,   should   find   solutions   to   control   the   growth   of   nosocomial  433 

pathogens.  Changes  to  machine  design  and  processing  are  required  to  prevent  accumulation  434 

of  residual  water  in  areas  of  the  machine,  such  as  the  detergent  filling  box  and  rubber  door  435 

seals,  where  microbial  growth  can  occur  and  contaminate  clothes  during  the  rinse  cycles  after  436 

they  have  been  disinfected  by  laundering.      437 

In  summary,  the  present  study  shows  that  in  situations  where  an  increase  in  colonisation  by  438 

species  of  Enterobacteriaceae  is  observed  in  newborns  and  adult  patients,  washing  machines  439 

and   clothes   should   be   assessed   and   investigated   as   potential   reservoirs   and   vectors   for  440 

transmission.    441 

  442 

Acknowledgements  443 

.CC-BY-NC-ND 4.0 International licenseavailable under a
not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (which wasthis version posted June 23, 2018. ; https://doi.org/10.1101/354613doi: bioRxiv preprint 

https://doi.org/10.1101/354613
http://creativecommons.org/licenses/by-nc-nd/4.0/


 
18 

The   authors   thankfully   acknowledge   the   consent   of   the   concerned   hospital   to   publish.  We  444 

thank  the  “Laborbetriebsgesellschaft  Dr.  Dirkes-Kersting  und  Dr.  Kirchner  mbH,  Labor  Siegen”  445 

and  the  “Bionovis  Hygieneinstitut  Joachim  Kruff  e.K.”  We  gratefully  acknowledge  David  Wellen  446 

for  his  active  support  and  expert  advice.  We  also   thank  Thomas  Meckel   for  giving  support  447 

regarding  environmental  sampling.  448 

Special   thanks   to  Gabi  Bierbaum,  Esther  Sib   and  Gero  Wilbring   for   their   constant   support  449 

during  report  period.  450 

  451 

Conflicts  of  interest    452 

None  declared.  453 

  454 

Funding  source  455 

None  declared.  456 

  457 

  458 
References  459 

1.   Abdel-Hady   H,   Hawas   S,   El-Daker   M,   El-Kady   R.   2008.   Extended-spectrum   beta-460 

lactamase  producing  Klebsiella  pneumoniae  in  neonatal  intensive  care  unit.  J  Perinatol  461 

28:685-90.  462 

2.   Asensio  A,  Oliver  A,  González-Diego  P,  Baquero  F,  Pérez-Díaz  JC,  Ros  P,  Cobo  J,  463 

Palacios   M,   Lasheras   D,   Cantón   R.   2000.   Outbreak   of   a   multiresistant   Klebsiella  464 

pneumoniae  strain  in  an  intensive  care  unit:  antibiotic  use  as  risk  factor  for  colonization  465 

and  infection.  Clin  Infect  Dis  30:55-60.  466 

3.   Babálová   M,   Blahová   J,   Králiková   K,   Krcméry   V,   Menkyna   R,   Bartoníková   N,  467 

Skalicková   R.   2005.   Unexpected   reservoir   of   Klebsiella   pneumoniae   strains   with  468 

transferable  multiple  drug  resistance  causing  clinical  sepsis  in  newborns.  J  Chemother  469 

17:454-5.  470 

.CC-BY-NC-ND 4.0 International licenseavailable under a
not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (which wasthis version posted June 23, 2018. ; https://doi.org/10.1101/354613doi: bioRxiv preprint 

https://doi.org/10.1101/354613
http://creativecommons.org/licenses/by-nc-nd/4.0/


 
19 

4.   Cassettari   VC,   Silveira   IR,   Balsamo   AC,   Franco   F.   2006.   Outbreak   of   extended-471 

spectrum   beta-lactamase-producing   Klebsiella   pneumoniae   in   an   intermediate-risk  472 

neonatal  unit  linked  to  onychomycosis  in  a  healthcare  worker.  J  Pediatr  (Rio  J)  82:313-473 

6.  474 

5.   Gastmeier  P,  Loui  A,  Stamm-Balderjahn  S,  Hansen  S,  Zuschneid  I,  Sohr  D,  Behnke  M,  475 

Obladen  M,  Vonberg  RP,  Rüden  H.  2007.  Outbreaks  in  neonatal  intensive  care  units  -  476 

they  are  not  like  others.  Am  J  Infect  Control  35:172-6.  477 

6.   Krawczyk  B,  Samet  A,  Czarniak  E,  Szczapa  J,  Kur  J.  2005.  Extended-spectrum  beta-478 

lactamase-producing  Klebsiella  pneumoniae  in  a  neonatal  unit:  control  of  an  outbreak  479 

using  a  new  ADSRRS  technique.  Pol  J  Microbiol  54:105-10.  480 

7.   Mayhall  CG,  Lamb  VA,  Bitar  CM,  Miller  KB,  Furse  EY,  Kirkpatrick  BV,  Markowitz  SM,  481 

Veazey   JM,   Macrina   FL.   1980.   Nosocomial   klebsiella   infection   in   a   neonatal   unit:  482 

identification  of  risk  factors  for  gastrointestinal  colonization.  Infect  Control  1:239-46.  483 

8.   Pessoa-Silva  CL,  Meurer  Moreira  B,  Câmara  Almeida  V,  Flannery  B,  Almeida  Lins  MC,  484 

Mello  Sampaio  JL,  Martins  Teixeira  L,  Vaz  Miranda  LE,  Riley  LW,  Gerberding  JL.  2003.  485 

Extended-spectrum   beta-lactamase-producing   Klebsiella   pneumoniae   in   a   neonatal  486 

intensive  care  unit:  risk  factors  for  infection  and  colonization.  J  Hosp  Infect  53:198-206.  487 

9.   Su  LH,  Wu  TL,  Chiu  YP,  Chia  JH,  Kuo  AJ,  Sun  CF,  Lin  TY,  Leu  HS,  Group  IC.  2001.  488 

Outbreaks   of   nosocomial   bloodstream   infections   associated   with   multiresistant  489 

Klebsiella  pneumoniae  in  a  pediatric  intensive  care  unit.  Chang  Gung  Med  J  24:103-490 

13.  491 

10.   Berthelot  P,  Grattard  F,  Patural  H,  Ros  A,  Jelassi-Saoudin  H,  Pozzetto  B,  Teyssier  G,  492 

Lucht  F.  2001.  Nosocomial  colonization  of  premature  babies  with  Klebsiella  oxytoca:  493 

probable  role  of  enteral  feeding  procedure  in  transmission  and  control  of  the  outbreak  494 

with  the  use  of  gloves.  Infect  Control  Hosp  Epidemiol  22:148-51.  495 

11.   Reiss   I,   Borkhardt   A,   Füssle   R,   Sziegoleit   A,   Gortner   L.   2000.   Disinfectant  496 

contaminated  with  Klebsiella  oxytoca  as  a  source  of  sepsis  in  babies.  Lancet  356:310.  497 

.CC-BY-NC-ND 4.0 International licenseavailable under a
not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (which wasthis version posted June 23, 2018. ; https://doi.org/10.1101/354613doi: bioRxiv preprint 

https://doi.org/10.1101/354613
http://creativecommons.org/licenses/by-nc-nd/4.0/


 
20 

12.   Jeong  SH,  Kim  WM,  Chang  CL,  Kim  JM,  Lee  K,  Chong  Y,  Hwang  HY,  Baek  YW,  Chung  498 

HK,  Woo  IG,  Ku  JY.  2001.  Neonatal  intensive  care  unit  outbreak  caused  by  a  strain  of  499 

Klebsiella  oxytoca  resistant  to  aztreonam  due  to  overproduction  of  chromosomal  beta-500 

lactamase.  J  Hosp  Infect  48:281-8.  501 

13.   Morgan  ME,  Hart  CA,  Cooke  RW.  1984.  Klebsiella   infection   in  a  neonatal   intensive  502 

care  unit:  role  of  bacteriological  surveillance.  J  Hosp  Infect  5:377-85.  503 

14.   Linkin  DR,  Fishman  NO,  Patel   JB,  Merrill   JD,  Lautenbach  E.  2004.  Risk   factors   for  504 

extended-spectrum   beta-lactamase-producing   Enterobacteriaceae   in   a   neonatal  505 

intensive  care  unit.  Infect  Control  Hosp  Epidemiol  25:781-3.  506 

15.   Kristóf   K,   Szabó   D,   Marsh   JW,   Cser   V,   Janik   L,   Rozgonyi   F,   Nobilis   A,   Nagy   K,  507 

Paterson  DL.  2007.  Extended-spectrum  beta-lactamase-producing  Klebsiella  spp.  in  a  508 

neonatal   intensive   care   unit:   risk   factors   for   the   infection   and   the   dynamics   of   the  509 

molecular  epidemiology.  Eur  J  Clin  Microbiol  Infect  Dis  26:563-70.  510 

16.   Lowe  C,  Willey  B,  O'Shaughnessy  A,  Lee  W,  Lum  M,  Pike  K,  Larocque  C,  Dedier  H,  511 

Dales  L,  Moore  C,  McGeer  A,  Team  MSHIC.  2012.  Outbreak  of  extended-spectrum  β-512 

lactamase-producing   Klebsiella   oxytoca   infections   associated   with   contaminated  513 

handwashing  sinks(1).  Emerg  Infect  Dis  18:1242-7.  514 

17.   Gaillot  O,  Maruéjouls  C,  Abachin  E,  Lecuru  F,  Arlet  G,  Simonet  M,  Berche  P.  1998.  515 

Nosocomial  outbreak  of  Klebsiella  pneumoniae  producing  SHV-5  extended-spectrum  516 

beta-lactamase,  originating  from  a  contaminated  ultrasonography  coupling  gel.  J  Clin  517 

Microbiol  36:1357-60.  518 

18.   Gastmeier  P,  Groneberg  K,  Weist  K,  Rüden  H.  2003.  A  cluster  of  nosocomial  Klebsiella  519 

pneumoniae   bloodstream   infections   in   a   neonatal   intensive   care   department:  520 

Identification  of  transmission  and  intervention.  Am  J  Infect  Control  31:424-30.  521 

19.   Bloomfield  SF,  Cookson  B,  Falkiner  F,  Griffith  C,  Cleary  V.  2007.  Methicillin-resistant  522 

Staphylococcus  aureus,  Clostridium  difficile,  and  extended-spectrum  beta-lactamase-523 

producing  Escherichia  coli  in  the  community:  assessing  the  problem  and  controlling  the  524 

spread.  Am  J  Infect  Control  35:86-8.  525 

.CC-BY-NC-ND 4.0 International licenseavailable under a
not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (which wasthis version posted June 23, 2018. ; https://doi.org/10.1101/354613doi: bioRxiv preprint 

https://doi.org/10.1101/354613
http://creativecommons.org/licenses/by-nc-nd/4.0/


 
21 

20.   Callewaert  C,  Van  Nevel  S,  Kerckhof  FM,  Granitsiotis  MS,  Boon  N.  2015.  Bacterial  526 

Exchange  in  Household  Washing  Machines.  Front  Microbiol  6:1381.  527 

21.   Voskoboinik  L,  Amiel  M,  Reshef  A,  Gafny  R,  Barash  M.  2017.  Laundry  in  a  washing  528 

machine  as  a  mediator  of  secondary  and  tertiary  DNA  transfer.  Int  J  Legal  Med.  529 

22.   Horan  TC,  Andrus  M,  Dudeck  MA.  2008.  CDC/NHSN  surveillance  definition  of  health  530 

care-associated  infection  and  criteria  for  specific  types  of  infections  in  the  acute  care  531 

setting.  Am  J  Infect  Control  36:309-32.  532 

23.   Paterson  DL,  Mulazimoglu   L,   Casellas   JM,   Ko  WC,  Goossens  H,   Von  Gottberg   A,  533 

Mohapatra   S,   Trenholme   GM,   Klugman   KP,   McCormack   JG,   Yu   VL.   2000.  534 

Epidemiology   of   ciprofloxacin   resistance   and   its   relationship   to   extended-spectrum  535 

beta-lactamase  production  in  Klebsiella  pneumoniae  isolates  causing  bacteremia.  Clin  536 

Infect  Dis  30:473-8.  537 

24.   Grimm  V,  Ezaki  S,  Susa  M,  Knabbe  C,  Schmid  RD,  Bachmann  TT.  2004.  Use  of  DNA  538 

microarrays  for  rapid  genotyping  of  TEM  beta-lactamases  that  confer  resistance.  J  Clin  539 

Microbiol  42:3766-74.  540 

25.   Gröbner  S,  Linke  D,  Schütz  W,  Fladerer  C,  Madlung  J,  Autenrieth  IB,  Witte  W,  Pfeifer  541 

Y.   2009.   Emergence   of   carbapenem-non-susceptible   extended-spectrum   beta-542 

lactamase-producing   Klebsiella   pneumoniae   isolates   at   the   university   hospital   of  543 

Tübingen,  Germany.  J  Med  Microbiol  58:912-22.  544 

26.   Tenover   FC,   Arbeit   RD,   Goering   RV,   Mickelsen   PA,   Murray   BE,   Persing   DH,  545 

Swaminathan  B.  1995.  Interpreting  chromosomal  DNA  restriction  patterns  produced  by  546 

pulsed-field   gel   electrophoresis:   criteria   for   bacterial   strain   typing.   J   Clin   Microbiol  547 

33:2233-9.  548 

27.   Ribot  EM,  Fair  MA,  Gautom  R,  Cameron  DN,  Hunter  SB,  Swaminathan  B,  Barrett  TJ.  549 

2006.  Standardization  of  pulsed-field  gel  electrophoresis  protocols  for  the  subtyping  of  550 

Escherichia  coli  O157:H7,  Salmonella,  and  Shigella  for  PulseNet.  Foodborne  Pathog  551 

Dis  3:59-67.  552 

.CC-BY-NC-ND 4.0 International licenseavailable under a
not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (which wasthis version posted June 23, 2018. ; https://doi.org/10.1101/354613doi: bioRxiv preprint 

https://doi.org/10.1101/354613
http://creativecommons.org/licenses/by-nc-nd/4.0/


 
22 

28.   Sehulster  L,  Chinn  R,  Arduino  M,  al.  e.  2004.  Recommendations  from  CDC  and  the  553 

Healthcare   Infection   Control   Practices   Advisory   Committee   (HICPAC).      American  554 

Society  for  Healthcare  Engineering/American  Hospital  Association,  Chicago.  555 

29.   Decker  BK,  Palmore  TN.  2013.  The  role  of  water  in  healthcare-associated  infections.  556 

Curr  Opin  Infect  Dis  26:345-51.  557 

30.   Kanamori  H,  Weber  DJ,  Rutala  WA.  2016.  Healthcare  Outbreaks  Associated  With  a  558 

Water  Reservoir  and  Infection  Prevention  Strategies.  Clin  Infect  Dis  62:1423-35.  559 

31.   Schulz-Stübner  S,  Kniehl  E.  2011.  Transmission  of  extended-spectrum  β-lactamase  560 

Klebsiella  oxytoca  via  the  breathing  circuit  of  a  transport  ventilator:  root  cause  analysis  561 

and  infection  control  recommendations.  Infect  Control  Hosp  Epidemiol  32:828-9.  562 

32.   Decré  D,  Burghoffer  B,  Gautier  V,  Petit  JC,  Arlet  G.  2004.  Outbreak  of  multi-resistant  563 

Klebsiella   oxytoca   involving   strains   with   extended-spectrum   beta-lactamases   and  564 

strains   with   extended-spectrum   activity   of   the   chromosomal   beta-lactamase.   J  565 

Antimicrob  Chemother  54:881-8.  566 

33.   Zárate  MS,  Gales  AC,  Picão  RC,  Pujol  GS,  Lanza  A,  Smayevsky  J.  2008.  Outbreak  of  567 

OXY-2-Producing  Klebsiella  oxytoca  in  a  renal  transplant  unit.  J  Clin  Microbiol  46:2099-568 

101.  569 

34.   Leitner  E,  Zarfel  G,  Luxner  J,  Herzog  K,  Pekard-Amenitsch  S,  Hoenigl  M,  Valentin  T,  570 

Feierl   G,   Grisold   AJ,   Högenauer   C,   Sill   H,   Krause   R,   Zollner-Schwetz   I.   2015.  571 

Contaminated   handwashing   sinks   as   the   source   of   a   clonal   outbreak   of   KPC-2-572 

producing  Klebsiella   oxytoca   on   a   hematology  ward.  Antimicrob  Agents  Chemother  573 

59:714-6.  574 

35.   Kizny  Gordon  AE,  Mathers  AJ,  Cheong  EYL,  Gottlieb  T,  Kotay  S,  Walker  AS,  Peto  575 

TEA,  Crook  DW,  Stoesser  N.  2017.  The  Hospital  Water  Environment  as  a  Reservoir  576 

for   Carbapenem-Resistant   Organisms   Causing   Hospital-Acquired   Infections-A  577 

Systematic  Review  of  the  Literature.  Clin  Infect  Dis  64:1435-1444.  578 

.CC-BY-NC-ND 4.0 International licenseavailable under a
not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (which wasthis version posted June 23, 2018. ; https://doi.org/10.1101/354613doi: bioRxiv preprint 

https://doi.org/10.1101/354613
http://creativecommons.org/licenses/by-nc-nd/4.0/


 
23 

36.   Rehberg  L,  Frontzek  A,  Melhus  Å,  Bockmühl  DP.  2017.  Prevalence  of  β-lactamase  579 

genes  in  domestic  washing  machines  and  dishwashers  and  the  impact  of  laundering  580 

processes  on  antibiotic  resistant  bacteria.  J  Appl  Microbiol.  581 

37.   Price  JR,  Cole  K,  Bexley  A,  Kostiou  V,  Eyre  DW,  Golubchik  T,  Wilson  DJ,  Crook  DW,  582 

Walker   AS,   Peto   TEA,   Llewelyn   MJ,   Paul   J,   group   MMMi.   2017.   Transmission   of  583 

Staphylococcus  aureus  between  health-care  workers,  the  environment,  and  patients  in  584 

an  intensive  care  unit:  a  longitudinal  cohort  study  based  on  whole-genome  sequencing.  585 

Lancet  Infect  Dis  17:207-214.  586 

38.   Agostinho  A,  Renzi  G,  Haustein  T,  Jourdan  G,  Bonfillon  C,  Rougemont  M,  Hoffmeyer  587 

P,   Harbarth   S,   Uçkay   I.   2013.   Epidemiology   and   acquisition   of   extended-spectrum  588 

beta-lactamase-producing   Enterobacteriaceae   in   a   septic   orthopedic   ward.  589 

Springerplus  2:91.  590 

39.   Fijan  S,  Sostar-Turk  S,  Cencic  A.  2005.  Implementing  hygiene  monitoring  systems  in  591 

hospital  laundries  in  order  to  reduce  microbial  contamination  of  hospital  textiles.  J  Hosp  592 

Infect  61:30-8.  593 

40.   Döring  G,  Jansen  S,  Noll  H,  Grupp  H,  Frank  F,  Botzenhart  K,  Magdorf  K,  Wahn  U.  594 

1996.   Distribution   and   transmission   of   Pseudomonas   aeruginosa   and   Burkholderia  595 

cepacia  in  a  hospital  ward.  Pediatr  Pulmonol  21:90-100.  596 

41.   Hota  S,  Hirji  Z,  Stockton  K,  Lemieux  C,  Dedier  H,  Wolfaardt  G,  Gardam  MA.  2009.  597 

Outbreak  of  multidrug-resistant  Pseudomonas  aeruginosa  colonization  and   infection  598 

secondary  to  imperfect  intensive  care  unit  room  design.  Infect  Control  Hosp  Epidemiol  599 

30:25-33.  600 

42.   La   Forgia  C,   Franke   J,  Hacek  DM,   Thomson  RB,  Robicsek  A,   Peterson   LR.  2010.  601 

Management  of  a  multidrug-resistant  Acinetobacter  baumannii  outbreak  in  an  intensive  602 

care  unit  using  novel  environmental  disinfection:  a  38-month  report.  Am  J  Infect  Control  603 

38:259-63.  604 

.CC-BY-NC-ND 4.0 International licenseavailable under a
not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (which wasthis version posted June 23, 2018. ; https://doi.org/10.1101/354613doi: bioRxiv preprint 

https://doi.org/10.1101/354613
http://creativecommons.org/licenses/by-nc-nd/4.0/


 
24 

43.   Maragakis  LL,  Winkler  A,  Tucker  MG,  Cosgrove  SE,  Ross  T,  Lawson  E,  Carroll  KC,  605 

Perl   TM.   2008.   Outbreak   of   multidrug-resistant   Serratia   marcescens   infection   in   a  606 

neonatal  intensive  care  unit.  Infect  Control  Hosp  Epidemiol  29:418-23.  607 

44.   Rutala  WA,  Weber  DJ.  1997.  Water  as  a   reservoir  of  nosocomial  pathogens.   Infect  608 

Control  Hosp  Epidemiol  18:609-16.  609 

45.   Sasahara  T,  Hayashi  S,  Morisawa  Y,  Sakihama  T,  Yoshimura  A,  Hirai  Y.  2011.  Bacillus  610 

cereus  bacteremia  outbreak  due  to  contaminated  hospital  linens.  Eur  J  Clin  Microbiol  611 

Infect  Dis  30:219-26.  612 

46.   Yoh   M,   Matsuyama   J,   Shime   A,   Okayama   K,   Sakamoto   R,   Honda   T.   2010.   [Can  613 

industrial  laundry  remove  Bacillus  cereus  from  hospital  linen?].  Kansenshogaku  Zasshi  614 

84:583-7.  615 

47.   Heudorf  U,  Gasteyer  S,  Müller  M,  Serra  N,  Westphal  T,  Reinheimer  C,  Kempf  V.  2017.  616 

Handling  of  laundry  in  nursing  homes  in  Frankfurt  am  Main,  Germany,  2016  -  laundry  617 

and  professional  clothing  as  potential  pathways  of  bacterial  transfer.  GMS  Hyg  Infect  618 

Control  12:Doc20.  619 

48.   Gattlen   J,   Amberg   C,   Zinn   M,   Mauclaire   L.   2010.   Biofilms   isolated   from   washing  620 

machines  from  three  continents  and  their  tolerance  to  a  standard  detergent.  Biofouling  621 

26:873-82.  622 

49.   Amberg   C.   2014.   Biofilm   in   washing   machines   and   how   it   is   assessed.   Hygiene  623 

requirements  and  measurements  in  dishwashingBonn:  Swissatest  testmaterials  AG.  624 

  625 

     626 

.CC-BY-NC-ND 4.0 International licenseavailable under a
not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (which wasthis version posted June 23, 2018. ; https://doi.org/10.1101/354613doi: bioRxiv preprint 

https://doi.org/10.1101/354613
http://creativecommons.org/licenses/by-nc-nd/4.0/


 
25 

Tables  627 

Table  1.  Occurrence  of  Gram-negative  Enterobacteriaceae,  non-fermenting  organisms,  and  628 

ESBL-producing  Klebsiella  oxytoca   type-00531   isolates   in  environmental   samples  obtained  629 

during  on-site  inspection  of  risk  areas.  630 

Room   Sampling  point   CFU  /  mL  or  
total  Gram-
negative  
bacteria  count  

Microbiological  
differentiation  

ESBL   KOX  
type-  
00531  

Nursing  
care  room,  
storage  
rooms  
  

Working  basin,  
syphon  

2,1  x  105  
CFU/mL  

S.  marcescens   -     

Hand  wash  
basin,  syphon  
water,  before  
syphon  hole  

1.6  x  106  
CFU/mL  

K.  oxytoca  
R.  terrigena                  
E.  cloacae                          

positive  
negative      
negative        

yes  

Bottom  of  the  
cover  of  the  
drainage  hole  of  
the  hand  wash  
basin  

scattered/swab   E.  cloacae                    
K.  pneumoniae  

negative  
negative  

  

Staff  toilet  
  

Hand  wash  
basin,  fresh  
water  

not  
evaluable/100  
mL  

gram-negative  
non-fermenting  
rods  

  -     

Hand  wash  
basin,  syphon  
water  

1.5  x  104  
CFU/mL  

P.  aeruginosa          
S.  maltophilia  

  -     

Toilet,  water   1.0  CFU/mL   S.  maltophilia     -     
Staff  room   Water  from  the  

kitchen  sink  
syphon  

3.0  x  105  
CFU/mL  

K.  oxytoca  
P.  aeruginosa          

positive  
negative        

yes  

Water  reservoir  
tank,  espresso  
machine  

10.0  CFU/50  
mL  

S.  maltophilia     -     

Hygiene  
sluice,  
PNC                                                                

Hand  wash  
basin,  syphon  
water  

1.3  x  104  
CFU/mL  

P.  aeruginosa,  
Gram-negative  
non-fermenting  
rods  

  -     

Basement,  
laundry  
room  

Tumble  dryer,  
water  tray  

not  
evaluable/50  
mL  

Gram-negative  
non-fermenting  
rods  

  -     

Washing  
machine  1,  
residual  water,  
rubber  mantle  

>106  CFU/mL                                    
ESBL  3.9  x  102  
CFU/mL  

K.  oxytoca   positive   yes  

Washing  
machine  1,  
detergent  
compartment  

not  
evaluable/swab  

K.  oxytoca  
P.  aeruginosa    

positive  
negative        

yes  

Washing  
machine  2,  

moderate/swab   P.  aeruginosa     -     
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detergent  
compartment  

Laundry   Hat  1   >  109   K.  oxytoca   positive   yes  
Hat  2   >  109   K.  oxytoca   positive   yes  
Hat  3   >  109   K.  oxytoca   positive   yes  
Hat  4   >  109   K.  oxytoca   positive   yes  
Socks  1     >  109   K.  oxytoca   positive   yes  
Socks  2   >  109   K.  oxytoca   positive   yes  

  631 
     632 
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Figure  legends  633 

Figure   1.   Course   of   outbreak   with   different   K.   oxytoca   strains   within   one   year   and   their  634 

distribution  on  different  wards  (PNC:  perinatal  centre,  ICU:  intensive  care  unit).    635 

  636 

Figure  2.  Distribution  of  different  K.  oxytoca  strains  over  the  “outbreak  period”  regarding  the  637 

age  of  newborns  and  children.  638 

     639 
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Figures  640 

  641 

  642 

Figure  1  643 

  644 

  645 

Figure  2  646 
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