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Summary  Matrix-assisted  laser  desorption-ionization  time-of-flight  (MALDI-TOF)
mass  spectrometry  facilitates  rapid  and  accurate  identification  of  pathogens,  which
is  critical  for  sepsis  patients.

In this  study,  we  assessed  the  accuracy  in  identification  of  both  Gram-negative  and
Gram-positive  bacteria,  except  for  Streptococcus  viridans,  using  four  rapid  blood
culture  methods  with  Vitek  MALDI-TOF-MS.  We  compared  our  proposed  lysis  cen-
trifugation  followed  by  washing  and  30%  acetic  acid  treatment  method  (method  2)
with  two  other  lysis  centrifugation  methods  (washing  and  30%  formic  acid  treat-
ment  (method  1);  100%  ethanol  treatment  (method  3)),  and  picking  colonies  from
90  to  180  min  subculture  plates  (method  4).  Methods  1  and  2  identified  all  orga-
nisms  down  to  species  level  with  100%  accuracy,  except  for  Streptococcus  viridans,
Streptococcus  pyogenes,  Enterobacter  cloacae  and  Proteus  vulgaris.  The  latter  two
were  identified  to  genus  level  with  100%  accuracy.  Each  method  exhibited  excel-
lent  accuracy  and  precision  in  terms  of  identification  to  genus  level  with  certain
limitations.
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Introduction

Sepsis  is  one  of  the  leading  causes  of  death  of  both
adults and  children  worldwide,  imposing  a  heavy
human  and  economic  burden  in  both  the  developed
and  developing  world  [1—3].  In  the  United  States,
for example,  incidence  of  sepsis  is 0.5  per  1000
in children  and  0.7—2.3  per  1000  in  adults,  with
mortality rates  being  estimated  at  10%—27%  and
25%—50%,  respectively  [2,4].  Sepsis-related  mor-
tality in  the  United  States  is  greater  than  that
of stroke  [5],  and  it  is  responsible  for  over  five
million pediatric  deaths  worldwide  each  year  and
has a  particularly  devastating  impact  in  resource-
poor countries  [2,6].  Early  recognition  of  causative
infective agents  is  key  to  effective  treatment  of
sepsis; time  from  triage  and  qualification  to  admin-
istration  of  appropriate  antimicrobials  are  critical
determinants  of  mortality  [4,7]. The  first  24  h has
been identified  as  critical  in  terms  of  delivery
of effective  antimicrobial  treatment.  Each  hour
of delay  in  administration  of  appropriate  antibi-
otics is associated  with  a  decrease  in  survival  of
7.6% over  6  h,  while  administration  of  inappropriate
antibiotics has  been  associated  with  an  approxi-
mately fivefold  decreased  survival  rate  [8,9].  As
a result,  clinicians  initially  assign  patients  with
presumed  bacterial  infections  to  empiric  broad-
spectrum antibiotics.  Due  to  increasing  antibiotic
resistance rates,  however,  approximately  20%  of
septic shock  patients  are  initially  assigned  to  inap-
propriate  antimicrobials  with  serious  consequences
in terms  of  mortality  rates  [9—12].  Thus,  techniques
to decrease  turnaround  time  in  identification  of
causative  bacterial  agents  are  vital  for  the  reduc-
tion of  mortality  due  to  sepsis.

Current standard  protocols  for  microbial  identi-
fication have  a  turnaround  time  of  approximately
18—24 h  from  when  signal-positive  samples  are
identified and  involve  the  overnight  sub-culture  of
signal-positive  samples  on  solid  medium  to  obtain
isolated  colonies  for  identification  and  antibiotic
susceptibility testing  [13—15]. Use  of  more  rapid
identification technology,  such  as  Matrix-Assisted
Laser Desorption/Ionization  Time  of  Flight  Mass
Spectrometry  (MALDI-TOF-MS),  has  the  potential
to expedite  identification  of  microbial  species
and help  guide  appropriate  antibiotic  treatment
choices [15—17]. However,  if  MALDI-TOF-MS  could
be applied  directly  to  blood  culture,  rather  than
to isolated  colonies  grown  overnight,  this  appli-
cation  would  further  reduce  the  turnaround  time.
Various  direct  culture  methods  have  been  used
with a  degree  of  success  in  microbial  identification
to genus  or  species  level  using  Vitek  MALDI-TOF-
MS (bioMérieux),  including  lysis  filtration  [16—18],

Sepsityper  (Bruker)  or  in-house  saponin-based  bac-
terial extraction  [19,20]  or  serum  separator  [21].
However, in  general,  these  methods  have  been
more successful  in  identification  of  Gram-negative
compared to  Gram-positive  bacteria.  The  methods
have shown  difficulty  in  differentiation  of  Staphylo-
cocci  from  each  other  [19—21]. The  objective  of  this
study was  to  compare  our  proposed  direct  method
of lysis  centrifugation  followed  by  washing  and
30% acetic  acid  treatment  along  with  our  modified
lysis centrifugation  followed  by  washing  and  30%
formic acid  treatment  method,  lysis  centrifugation
followed by  washing  and  100%  ethanol  treatment
method, and  picking  colonies  from  90  to  180  min
subculture  plates  in  order  to  determine  the  accu-
racy and  precision  of  each  method.  These  methods
were all  compared  to  a gold  standard  method  based
on testing  isolated  colonies  from  overnight  cultures
in terms  of  accurate  identification  of  both  Gram-
negative and  Gram-positive  bacteria  using  Vitek
MALDI-TOF-MS.

Materials and methods

Samples

A  mixture  of  120  monomicrobial  positive  blood  cul-
ture vials  (60  Gram-negative  samples  that  included
35 patient  and  25  seeded  vials,  and  60  Gram-
positive samples  that  included  42  patients  and  18
seeded vials,  containing  various  microorganisms
that have  been  already  identified  using  Vitek  2),
including  aerobic  Bactec  plus,  anaerobic  Bactec
lytic, and  Bactec  pediatric  plus,  were  assessed
between October  2015  and  December  2015.  The
aim of  using  the  seeded  vials  was  to  make  the  num-
ber of  most  common  blood  culture  isolates  equal
to five  for  each.  This  sample  size  was  chosen  to
conform  to  FDA/CLSI  guidelines  laid  down  by  the
American  Society  of  Microbiology  (ASM  Cumitechs
31A) [22]. For  Gram-negative:  three  Enterobacter
aerogenes ATCC  15038;  two  Enterobacter  cloacae
subsp.  cloacae  ATCC® 49141;  two  Pseudomonas
aeroginosa  ATCC  27853;  four  Stenotrophomonas
maltophilia  ATCC® 51331;  three  Acinetobacter  bau-
mannii ATCC® 19606;  two  Proteus  mirabilis  ATCC®

7002;  three  Proteus  vulgaris  ATCC® 29905;  three
Citrobacter  koseri  ATCC® BAA-895;  three  Bac-
teroides fragilis  ATCC® 25285.  For  Gram-positive:
one Staphylococcus  aureus  ATCC  25923;  three
Enterococcus faecium  ATCC® 51559TM;  two  Strep-
tococcus pyogenes  ATCC  19615;  four  Staphylococcus
capitis ATCC® 27840;  two  Streptococcus  agalac-
tiae ATCC® 51487;  two  Staphylococcus  lugdunensis
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