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Antimicrobial resistance (AMR) has inspired dire warnings  

§  In the United States 

–  At least 2 million people per year acquiring MDR infections, 
resulting in at least 23,000 deaths  

–  $20 billion estimated yearly excess in direct healthcare costs  

–  $35 billion estimated yearly in indirect costs due to loss in 
productivity (2008 dollars)  

Sources: WHO, “Antimicrobial Resistance: Global Report on Surveillance,” 2014; Sources: CDC, “Antibiotic Resistance Threats in the United States,” 2013; ECDC/EMA, 
“The Bacterial Challenge: Time to React,” 2009; The Review on Antimicrobial Resistance,  “Antimicrobial Resistance: Tackling a Crisis for the Health and Wealth of 
Nations” 2014. 

§  In Europe, 
–  Each year, about 25 000 patients die from an infection caused by 

multidrug-resistant bacteria  

–  MDR infections result in extra healthcare costs and productivity 
losses, each year of at least € 1.5 billion. 

§  “Without urgent, coordinated action, the world is heading towards a post-
antibiotic era, in which common infections and minor injuries, which have 
been treatable for decades, can once again kill.”  

§  “Drug-resistant infections already kill hundreds of thousands a year 
globally, and by 2050 that figure could be more than 10 million. The 
economic cost will also be significant, with the world economy being hit by 
up to $100 trillion by 2050 if we do not take action.” 
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Types of benefit delivered: 
Prevention; Mitigation and 

Insurance 

Drug resistant infections are the result of a complex set of 
interactions, with effective interventions delivering a range of benefits 
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Enhanced integration of diagnostics and therapeutics would have 
cascading effects through the system 
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Rapid diagnostics is the most connected node in this system – suggesting significant opportunities 
for improvement in drug resistance infections through integrated use of Dx and Tx 
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Drivers	  of	  resistance	  
linked	  to	  diagnos2cs	  



Speeding up the availability and uptake of diagnostic results would 
yield both treatment and stewardship benefits  
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§  Empiric	  treatment	  based	  on	  symptoms,	  physician	  knowledge	  
about	  the	  pa2ent	  &	  trends	  in	  infec2on	  &	  resistance	  

§  First	  (and	  subsequent)	  dose	  prior	  to	  diagnosis	  
§  Bias	  toward	  broad-‐spectrum	  coverage	  
§  May	  treat	  unnecessarily,	  contribu2ng	  to	  resistance	  
§  May	  treat	  the	  wrong	  pathogen	  /	  resistance	  profile,	  leading	  

to	  poor	  pa2ent	  outcome	  	  	  
§  Physician	  may	  be	  reluctant	  to	  de-‐escalate	  treatment	  if	  

pa2ent	  seen	  to	  be	  doing	  well	  	  
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Revise 
treatment (?) 

Diagnosis 

Diagnosis Treatment 

sample 

treatment 
decision 

§  Rapid,	  point	  of	  care	  diagnos2cs	  would	  provide	  posi2ve	  
knowledge	  to	  physician	  of	  what	  to	  treat	  

§  Enable	  targeted	  treatments	  if	  sufficient	  trust	  in	  diagnosis	  
§  Reduce	  over-‐broad	  and	  unnecessary	  treatment	  
§  Avoid	  failure	  to	  treat	  right	  pathogen	  /	  resistance	  profile	  
§  Could	  be	  confirmed	  by	  culture	  
§  Assumes	  diagnos2c	  technology	  is	  available,	  sufficiently	  

accurate,	  and	  integrated	  into	  treatment	  pathway	  

At	  present,	  empiric	  treatment	  relies	  on	  ini0al	  physician	  judgment	  

The	  integra0on	  of	  rapid	  diagnos0cs	  into	  treatment	  decisions	  would	  have	  several	  benefits	  	  

This transition to the integrated use of more rapid diagnostics and therapeutics 
is what the workshop is intended to enable 



Workshop participants have identified several gaps that need to be 
addressed (1/2) 

§  “We	  need	  a	  mechanism	  to	  iden2fy	  the	  unmet	  need	  and	  target	  product	  profiles	  for	  
diagnos2cs,	  where	  they	  can	  have	  a	  big	  impact.	  	  Then	  we	  can	  iden2fy	  and	  address	  the	  
barriers.”	  	  

-  Major	  policy	  think	  tank	  

§  “An	  understanding	  of	  the	  target	  product	  profiles	  that	  are	  needed	  would	  allow	  for	  an	  
assessment	  of	  gaps	  and	  what	  should	  be	  funded.”	  

-  Innova2on	  funder	  

§  “There’s	  a	  sense	  that	  therapeu2cs	  and	  diagnos2cs	  developers	  are	  working	  at	  cross-‐purposes	  
–	  pharma	  does	  not	  seem	  to	  understand	  where	  the	  value	  of	  diagnos2cs	  to	  its	  business	  model	  
comes	  from.”	  

-  Innova2on	  funder	  

§  “Physicians	  just	  want	  to	  have	  confidence	  that	  the	  drug	  works	  in	  the	  par2cular	  case.”	  
-  Clinician	  

§  “The	  problem	  resides	  in	  not	  acknowledging	  the	  complexity	  of	  the	  issue.	  	  ‘Diagnos2cs’	  as	  it	  is	  
used	  is	  just	  too	  broad	  a	  term.	  	  We	  need	  a	  common	  language	  among	  the	  various	  players.”	  

-  Therapeu2cs	  developer	  	  
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Workshop participants have identified several gaps that need to be 
addressed (2/2) 

§  “We	  need	  to	  pinpoint	  specific	  ac2ons	  that	  need	  to	  be	  taken	  [to	  enable	  integrated	  
development].”	  

-  HTA	  agency	  

§  “These	  are	  not	  new	  discussions…it	  would	  be	  interes2ng	  to	  know	  why	  nothing	  has	  
happened.”	  

-  HTA	  Agency	  

§  “Physicians	  are	  reluctant	  to	  use	  rapid	  diagnos2cs	  –	  they	  don’t	  get	  the	  informa2on	  quickly,	  
even	  when	  it	  is	  available	  quickly.	  	  And	  they	  don’t	  trust	  the	  technologies.	  	  The	  ques2on	  is	  
how	  to	  demonstrate	  posi2ve	  impact	  on	  outcomes.”	  

-  Diagnos2cs	  developer	  

§  “Pharmaceu2cal	  companies	  should	  convey	  a	  clear	  sense	  of	  what	  test	  characteris2cs	  are	  
needed.”	  

-  Diagnos2cs	  developer	  	  

§  “There	  is	  a	  pressing	  need	  to	  unite	  the	  economic	  interests	  of	  various	  stakeholders	  to	  realize	  
system-‐level	  benefits	  to	  hospitals	  and	  payers.”	  

-  Therapeu2cs	  developer	  	  
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Addressing these gaps is what has set the workshop agenda 



 
Why now? – Several factors create a critical moment  

§  Recogni2on	  that	  greater	  clarity	  in	  terminology,	  needs,	  and	  capabili2es	  is	  necessary	  to	  unlock	  progress	  in	  
this	  area	  

¨  The	  term	  “diagnos)c”	  means	  different	  things	  to	  different	  people	  –	  we	  suggest	  there	  are	  dis2nct	  
relevant	  diagnos2c	  profiles	  to	  enhance	  different	  clinical	  situa2ons	  

¨  Narrow	  vs.	  broad-‐spectrum	  of	  an2bio2cs	  ac2vity	  is	  o\en	  misunderstood	  –	  while	  it	  is	  important	  from	  
a	  stewardship	  perspec2ve	  and	  raises	  the	  need	  for	  diagnos2c	  input	  

§  Significant	  advances	  in	  the	  technology	  of	  rapid	  diagnos2cs	  

§  Concerted	  effort	  to	  increase	  innova2on	  to	  overcome	  drug-‐resistant	  infec2ons	  –	  with	  great	  expecta2ons	  
for	  the	  contribu2on	  of	  new	  diagnos2cs	  as	  well	  as	  new	  drugs	  

§  Increased	  recogni2on	  that	  be^er-‐targeted	  use	  of	  an2bio2cs	  would	  benefit	  individual	  pa2ents	  while	  
slowing	  resistance	  	  
¨  Single-‐pathogen	  an2bio2cs	  (truly	  narrow-‐spectrum)	  –	  e.g.,	  an	  an2bio2c	  that	  hits	  a	  pathway	  present	  

only	  in	  Pseudomonas	  	  

¨  Narrow-‐spectrum	  an2bio2cs	  as	  currently	  used	  –	  e.g.,	  cephalosporin	  with	  excellent	  Pseudomonas	  
ac2vity	  but	  also	  some	  ac2vity	  against	  other	  Gram-‐nega2ves	  …	  o\en	  in	  prac2ce	  added	  specifically	  to	  
improve	  Pseudomonas	  coverage	  

¨  Broad-‐spectrum	  an2bio2cs	  used	  empirically	  when	  exact	  pathogen	  is	  not	  known	  	  

§  On-‐going	  efforts	  to	  develop	  targeted	  an2bio2cs	  create	  need	  for	  clinical	  trial	  enrichment	  through	  
screening	  tools	  such	  as	  diagnos2cs	  	  

§  Poli2cal	  “moment”	  for	  drug-‐resistant	  infec2ons	  means	  opportunity	  to	  mobilize	  resources	  if	  needs	  and	  
barriers	  are	  iden2fied	  	  
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Desired outputs from the workshop – what we intend to accomplish 

§  A	  more	  precise	  common	  language	  
¨  Diagnos2cs	  typologies,	  fit	  to	  the	  clinical	  needs	  raised	  by	  various	  pa2ent	  presenta2ons	  	  	  
¨  An2bio2c	  typologies,	  with	  greater	  clarity	  on	  spectrum	  of	  ac2vity	  and	  how	  drugs	  along	  

that	  range	  fit	  into	  treatment	  pathways	  	  
¨  And,	  an2bio2c	  and	  diagnos2c	  typologies	  that	  successfully	  interact	  in	  a	  clinical	  sebng	  

§  Data	  on	  way(s)	  to	  promote	  innova0ve	  development	  and	  use	  of	  diagnos0cs	  
¨  Characteris2cs	  of	  useful	  Target	  Test	  Profiles	  (TTPs):	  A	  set	  of	  target	  test	  performance	  

characteris2cs	  matched	  to	  clinical	  sebngs	  and	  situa2ons	  of	  use	  	  
-  Defining	  a	  usable	  TTP	  may	  require	  addressing	  the	  test,	  the	  pa2ent,	  the	  typology	  of	  

an2bio2cs	  whose	  use	  it	  informs,	  the	  flow	  of	  care,	  and	  the	  consequences	  of	  the	  test	  
being	  wrong	  

-  These	  influence	  the	  approach	  to	  introducing	  the	  test	  and	  encouraging	  uptake	  by	  end	  
users	  

§  A	  publica0on:	  Share	  the	  clarity	  we	  hope	  to	  achieve!	  
§  Guidance	  to	  policy	  makers	  	  

¨  A	  rebu^al	  to	  the	  EU	  legal	  proposal	  that	  “all	  uses	  should	  require	  a	  diagnos2c”	  
¨  Support	  for	  the	  language	  needed	  to	  formulate	  “millennium	  development	  goals”	  for	  

improved	  an2bio2c	  usage	  
10 



§  We	  will	  keep	  presenta2ons	  to	  an	  absolute	  minimum	  and	  focus	  instead	  on	  collabora2ve	  problem-‐
solving	  

§  We	  will	  use	  the	  decisions	  required	  along	  the	  treatment	  journey	  for	  various	  clinical	  presenta2ons	  
as	  the	  touchstone	  for	  tes2ng	  the	  integrated	  use	  of	  therapeu2cs	  and	  diagnos2cs	  

§  The	  objec2ve	  is	  to	  create	  a	  common	  fabric	  that	  enables	  the	  integra2on	  of	  exper2se	  and	  
perspec2ve	  among	  the	  different	  disciplines	  represented	  by	  par2cipants	  

§  The	  approach	  is	  centered	  on	  the	  pa2ent	  and	  will	  examine	  the	  implica2ons	  of	  a	  pa2ent’s	  situa2on	  
along	  the	  dimensions	  of	  care	  

§  We	  acknowledge	  the	  on-‐going	  dynamic	  progress	  in	  rapid	  diagnos2cs	  technologies	  but	  will	  
consider	  discussion	  of	  the	  specific	  capabili2es	  of	  each	  technology	  to	  be	  beyond	  the	  scope	  of	  the	  
workshop	  

§  We	  will	  ask	  par2cipants	  to	  observe	  the	  Chatham	  House	  Rule,	  being	  free	  to	  share	  insight	  from	  the	  
Workshop	  without	  a^ribu2on	  to	  specific	  individuals	  
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Workshop approach – how we intend to get there  

What to bring to the workshop:  An open-mind, a collaborative spirit, and a 
desire to contribute on this very important issue! 



Contents 

12 

Background on 
the clinical 

syndromes we 
will work 
through 

Workshop 
approach 

Some topical 
background 

What we want to 
accomplish and 

why 



Some opening observations  
 
An0bio0cs	  are	  a	  vic0m	  of	  their	  own	  success	  

¨  An2bio2cs	  to	  date	  have	  been	  so	  good	  that	  we’ve	  been	  able	  to	  use	  them	  without	  knowing	  for	  sure	  what	  
is	  causing	  the	  infec2on	  –	  this	  is	  empirical	  use	  –	  and	  this	  has	  driven	  resistance	  	  

¨  The	  consequences	  of	  not	  trea2ng	  is	  some2mes	  so	  dire	  that	  we	  err	  on	  the	  side	  of	  trea2ng.	  Further,	  
every	  use	  drives	  resistance	  whether	  it	  is	  a	  correct	  use	  or	  not	  

¨  Increasing	  resistance	  rates	  mean	  that	  empirical	  therapies	  might	  fail	  –	  so	  more	  informa2on	  is	  needed	  to	  
choose	  the	  right	  drug	  

¨  A	  suitable	  diagnos2c	  might	  help	  with	  each	  of	  these	  problems	  
Diagnos0cs	  should	  enable	  stewardship	  of	  an0bio0cs	  	  

¨  A	  diagnos2c	  should	  allow	  more	  selec2ve	  use	  (good	  stewardship)	  
¨  A	  diagnos2c	  should	  allow	  use	  of	  more	  narrow-‐spectrum	  an2bio2cs	  (also	  good	  stewardship)	  
¨  This	  delays	  resistance:	  It	  does	  not	  prevent	  (s2ll	  need	  new	  therapies)	  

Note	  that	  these	  are	  not	  companion	  diagnos,cs	  	  
¨  Companion	  diagnos)c	  in	  the	  regulatory	  sense	  is	  a	  test	  that	  is	  essen0al	  for	  safe	  use	  of	  a	  drug	  	  
¨  A	  drug	  approved	  with	  a	  companion	  diagnos2c	  can	  only	  be	  given	  a\er	  applying	  that	  diagnos2c	  test	  
¨  This	  approach	  is	  not	  necessary	  or	  appropriate	  in	  infec2on	  –	  diagnos2cs	  can	  improve	  treatment	  

decisions	  but	  are	  not	  absolutely	  required	  for	  making	  them	  
¨  We	  propose	  complementary	  diagnos)c	  as	  a	  more	  useful	  term	  in	  this	  context	  

Diagnos0cs	  do	  not	  provide	  certainty,	  but	  improve	  the	  likelihood	  of	  using	  the	  right	  medicine	  at	  the	  right	  0me	  
¨  The	  2meliness	  and	  level	  of	  confidence	  in	  the	  result	  of	  a	  diagnos2c	  informs	  its	  value	  as	  a	  decision-‐

making	  aid	  
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Bacterial infections create unique challenges for integrating diagnostic 
results into treatment decisions 

Sepsis	  example	  	  
§  Risk	  of	  death	  increases	  rapidly	  with	  2me	  to	  

commencement	  of	  treatment	  	  

§  But	  not	  all	  infec2ons	  require	  immediate	  treatment	  

14 

Mortality	  risk	  with	  increasing	  delay	  (rela0ve	  to	  no	  delay)	  to	  
ini0a0on	  of	  effec0ve	  an0bio0c	  therapy	  

Source: John Rex, used with permission; Kumar	  A,	  et	  al.	  Cri2cal	  Care	  Medicine	  34:1589-‐96,	  2006  

Four	  key	  differences	  rela0ve	  to	  other	  areas	  where	  
diagnosis	  drives	  treatment	  (e.g.,	  cancer,	  HIV	  and	  HCV)	  
§  Time-‐frame	  for	  ini0al	  ac0on	  

¨  Cancer,	  HIV,	  Hepa22s	  C	  (HCV):	  Can	  delay	  treatment	  for	  
several	  weeks	  if	  necessary.	  	  Specimens	  can	  be	  retested,	  
sent	  for	  consulta2on,	  etc.	  

¨  Bacterial	  infec2on:	  O\en	  need	  to	  act	  immediately	  

¨  Even	  where	  delay	  is	  medically	  acceptable,	  re-‐engaging	  
pa2ent	  is	  o\en	  a	  challenge	  

§  Limits	  on	  sampling	  

¨  Cancer,	  HIV,	  HCV:	  Specimen	  you	  need	  is	  usually	  available	  
in	  significant	  amounts;	  findings	  have	  clear	  implica2ons	  

¨  Bacterial	  infec2on:	  Needed	  specimen	  may	  not	  be	  
accessible,	  or	  be	  limited	  in	  quan2ty	  or	  quality	  

§  There	  is	  a	  delayed	  gold	  standard	  (the	  culture)	  

¨  Cancer,	  HIV,	  HCV:	  Defini2ve	  diagnosis	  known	  before	  
therapy	  starts	  

¨  Bacterial	  infec2on:	  Culture-‐based	  diagnosis	  will	  come	  
1-‐3	  days	  later.	  Surprise	  is	  bad!	  

§  Diagnos0c	  findings	  may	  be	  ambiguous	  

¨  Cancer,	  HIV,	  HCV:	  presence	  is	  never	  ‘normal’	  

¨  Bacterial	  infec2on:	  bug	  can	  be	  present	  without	  causing	  
disease	  



 
This creates the problem of ready-fire-aim: traditional diagnostics are 
too slow 
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24 48 72 120 Hours 

sample draw

Gram Stain

12 – 24 h

Species (culture)

Resistance (culture)

Empiric antibiotics

Standard microbiological 
assays may require > 48 h 

Culture

Molecular assays accelerate 
diagnosis 

Species/resistance (molecular) – with limitations  

4
hours

Dx 
 

ABx 

4 8 Hours 

Upper respiratory tract infection (if needed) 

How long before a diagnostic result is available? 

Window for starting treatment 

Clinical trial enrollment (ideally before first, but at 
least by second, dose of therapy) 

Hospital-acquired /  Ventilator-associated pneumonia  

Suspected sepsis – must treat immediately! 

How long before starting treatment? 

Treatment often must begin 
before results available 



What we ask of a diagnostic depends on the setting: 
Mild/severe (physiology right now) vs. non-serious/serious (ultimate threat to life) 

16 

Bacterial Pneumonia 
•  A serious infection, even if mild 

at presentation 
•  Substantial mortality risk 
•  Choosing reliable therapy is 

complex 
•  Little error tolerance: Want to 

favor treating 
•  Core Q: How do I treat? 

Time from onset of infection 

Se
ve

ri
ty

 o
f 

Ill
ne

ss
 

Rarely  
becomes  
severe 

Usually  
becomes  
severe 

Bacterial 
Pneumonia 

Acute Otitis Media Mild  
(not severe) 

Severely 
ill 

Often spontaneously remits 

HCV 
Mild for decades 
Then severe 

Time course, frequency,  and 
consequences of progression  

Acute Otitis Media 
•  A non-serious infection with 

mild physiology 
•  Only rarely progresses 
•  Wait-and-see is ok: Tend to 

favor not treating 
•  Reliable therapy choice is 

straightforward 
•  Core Q: Should I treat? 

Hepatitis C Virus (HCV) 
•  A serious infection but mild 

physiology for years 
•  Poor prognosis if progresses 
•  Little error tolerance but lots of 

time for testing 
•  Reliable therapy choice is 

becoming straightforward 
•  Core Q: Should I treat? 



“Diagnostic” is a catch-phrase whose meaning varies  
by clinical situation 

Outpatient w/ 
mild upper 

respiratory tract 
infection 

Outpatient 
suspected urinary 

tract infection 

Suspected HAP / 
VAP in in-patient 

Suspected sepsis 
in inpatient 

Option to treat 
patient with drug 

in clinical trial 

Patient 
presentation 

Time available 
b/f action 

Decision that 
Dx informs 

Information 
needed from Dx 

Accuracy 
needed 

4-8 h (within the 
GP’s working day) 

4-8 h (within the 
working day of a 
typical clinic) 

1-2 hours 

None – must  
treat immediately 

4-6 hours 

§  Virus or bacteria 
(from short list of 
possibilities) 

§  Treat with 
antibiotics or 
not 

§  Treat with  
antibiotics or not 

§ Choice to  
manage resistance 

§  Initial treatment 
§ Choice to target 

specific pathogen, 
manage resistance 

§  Treatment 
subsequent to 
initial empiric 
therapy 

§  Whether to 
enroll in  
clinical trial  

§ Med sensitivity 
§  Low/med 

specificity 

§  Presence of E coli 
§  Resistance 

markers 

§  Type of bacteria 
§  Susceptibility  
§  Resistance 

markers 

§  Presence of bacteria 
§  Type of bacteria 
§  Susceptibility 
§  Resistance markers 

§  Presence of target 
pathogen 

§  Resistance markers 

§ Med sensitivity 
§  Low/med 

specificity 

§ High 
sensitivity 

§ Med specificity 

§ High sensitivity 
§  Low/med 

specificity 

§  Low 
sensitivity 

§  Low 
specificity 

Selected clinical situations and their implications for diagnostics 

Notes 

•  High sensitivity problematic – bacteria 
often carried without symptoms  

•  Near-patient (POC) testing preferred – 
test turnaround must match care  
pathway 

•  High sensitivity may be problematic – 
urine should sterile, but contamination (E 
Coli) often occurs 

•  Near-patient (POC) testing preferred –
must match care setting 

•  High sensitivity preferred – failure to 
detect has many negative consequences 

•  Test can be sent to pathology lab – 
greater test complexity possible 

•  Complex decision matrix; sensitivity &  
specificity seen in context 

•  Many possible specimens 
•  Test can be sent to laboratory – greater 

test complexity is possible 

•  Goal is to enrich trial population with 
patients more likely to have a positive 
culture for specific types of bacteria 

•  Lower accuracy OK because doesn’t 
inform decision to treat 

17 Source: John Rex 

See subsequent 
two pages 



In several indications, clinical trial enrichment through rapid 
diagnostics is essential to make development feasible  

§  The	  difficulty	  (2me,	  cost,	  
complexity)	  of	  a	  clinical	  
trial	  is	  greater	  the	  less	  
common	  the	  condi2on	  
being	  studied,	  and	  the	  
more	  targeted	  the	  
treatment	  under	  
evalua2on.	  	  

§  The	  lower	  the	  prevalence	  
(e.g.,	  of	  resistant	  
Pseudomonas),	  the	  more	  
pa2ents	  need	  to	  be	  
enrolled	  to	  get	  the	  needed	  
number	  of	  ‘hits’	  –	  those	  
proven	  by	  culture	  to	  have	  
the	  studied	  pathogen	  
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Spectrum of drug activity under evaluation 

Generally	  possible	  to	  
study	  in	  standard	  clinical	  
trial	  	  	  

Difficult	  to	  study	  in	  
large	  numbers.	  	  Rapid	  
diagnos0c	  would	  
enhance	  feasibility	  	  

Very	  difficult	  to	  study	  in	  
sufficient	  numbers	  for	  
standard	  clinical	  trial.	  
Great	  need	  for	  rapid	  
diagnos2c	  for	  trial	  
enrichment	  	  

Lo
w

 
(e

.g
., 

m
en

in
gi

tis
, e

nd
oc

ar
di

tis
) 

H
ig

h 
(e

.g
., 

cI
A

I, 
cU

T
I,,

 C
A

P,
 H

A
P/

V
A

P)
 

Narrow Broad 

Extremely	  difficult	  to	  
study	  in	  sufficient	  
numbers	  for	  standard	  
clinical	  trial.	  
Rapid	  diagnos2c	  for	  trial	  
enrichment	  essen2al	  

Option to enroll 
patient in clinical 

trial 



Diagnostics can aid decisions on clinical trial enrollment,  
a key enabler for antibiotics development 
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§  Typically already decided to treat the patient – 
question is whether also to enroll in clinical trial 

In the clinical trial context, the decision to treat the patient 
has already been made – so an inaccurate diagnostic result 
will not result in failure to treat. 

§  The question to be answered is whether the given 
patient’s infection is right for study in the trial 

Culture-proven patients are needed for clinical trials, but 
results come too late to fit the enrollment window.  Role of 
rapid diagnostic is to predict the culture results. 

§  Lower accuracy is more acceptable in this 
context than in the routine clinical setting  

Any increase in the ability to predict what the culture will 
show will reduce the necessary study size, thereby saving cost 
and complexity.  

§  Speed is the critical requirement – must enroll 
within 24 hours of starting treatment  

Patients are only eligible to enroll in a clinical trial within 24 
hours of the start of antibiotics – in the ideal case will only be 
treated with the study drug. 

§  Simple-to-use tests are particularly valuable Resources and health worker mind-space very limited.  
Desired qualities: fast, no sample processing, compact and 
self-contained, with an easy readout.  

§  This capability is particularly important to the 
development of narrow-spectrum agents 

Searching for a less common pathogen and potentially markers 
of resistance to demonstrate efficacy in very small populations 

Option to enroll 
patient in clinical 

trial 
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We will examine the necessary interplay of diagnostics and therapeutics 
to enable optimal treatment of selected patient presentations 

Optimal treatment seeks to address the infection 
while minimizing collateral harm
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“Optimal 
treatment” 
objectives 

Treat the infection 
§  Address the infection 

causing the patient 
presentation 

Minimize collateral 
harm to the patient 
§  Adverse effects 
§  Harm to non-

pathogenic flora 

Minimize collateral 
harm to society 

§  Contribution to 
development of 
resistance 

AND 

AND 

Single species 

Multiple species 

Many  species 

Side effect profile  Activity against 
resistant pathogens 

Spectrum of 
coverage 

Choice of (existing or to-be-developed) 
antibiotics varies across multiple dimensions 

Optimal treatment requires available antibiotics to treat resistant infections   

Both spectrum and activity 
have an added dimension: 

which species; which 
resistance mechanisms 



Without effective and timely diagnostics, the components of optimal 
treatment are in tension with each other 

22 

Risk of 
treatment 

failure  

Risk of 
collateral 

harm  

Few species 
(narrow) 

Many species 
(broad) 

Spectrum of coverage of selected therapeutic 

Some risk remains 
because because 
resistance 
mechanism may not 
be covered by 
choice of drug  

Some risk 
remains because 
any use of 
antibiotics can 
contribute to 
resistance 

Risk of 
treatment 

failure  

Risk of 
collateral 

harm  

Few species 
(narrow) 

Many species 
(broad) Spectrum of coverage of selected therapeutic 

Some risk remains 
due to test error 
and ability to cover 
resistance 
mechanism 

Some risk remains 
because any use of 
antibiotics can 
contribute to 
resistance 
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Trade-off between the components of optimal treatment  

Trade-off between the components of optimal treatment  

 
 

 
 



Patient 
presentation 

Care setting Key decision-
makers 

Decision 
needed 

Dx info 
needed 

Dx minimum  
profile 

§  Presentation of an 
individual with 
apparent clinical 
need begins the 
treatment journey 

§ Of a large 
number of 
potential clinical 
presentations, we 
will focus on a 
relevant subset  

§ The care setting 
sets the context 
for the clinical 
work flow, with 
implications on 
use of Dx and Tx 

§ We will consider 
the finite set of 
salient care 
settings 

§  Some patient 
presentations 
match uniquely to 
one care setting, 
while others 
match to multiple 
settings 

 

§ The combination 
of patient 
presentation and 
care setting gives 
rise to the range 
of clinical 
decisions that 
need to be made 

§ We will consider 
Dx and Tx in the 
context of these 
decisions 

§ These decisions 
are made by 
individuals with 
specific roles in 
the healthcare 
system 

§ Their roles have 
implications for 
how they make 
decisions and use 
information  

§ The parameters 
along the 
foregoing 
dimensions of the 
treatment journey 
determine what 
type of Dx 
information is 
needed – and 
how it will be 
used 

§  For a Dx 
technology to be 
useful in informal 
clinical decisions, 
it must meet 
certain 
performance 
criteria.   

§ We will address 
what these 
criteria are, and 
what is the 
minimum 
performance level 
along each for the 
given Dx role  

23 

 
We will examine therapeutics and diagnostics in the context  
of the multiple dimensions of a patient’s treatment journey 



Each dimension is described by multiple parameters –  
one or more of which characterize each patient presentation 

Suspected HCAP / 
HAP /  VAP, 

critically ill patient 

Suspected upper 
respiratory 

infection - sinusitis 

Suspected 
pediatric otitis 

media (middle ear 
infection) 

Suspected severe 
sepsis infection 

… 

Patient 
presentation 

Care setting 

Community 
 

PCP 

Community clinic 

Specialty care 

Long-term care 

Acute care 
 

In-patient ward 

Isolation Ward 

Critical care 

ER 

Biodefense 
 

Mass casualty 

Emerging pathogen 

Key decision-
makers 

PCP 

ER Doctor 

ID specialist 

Critical care 
physician 

Other attending 
physician 

Nurse or NP 

Public health 
official 

Ambulatory care 
physician 

Decision 
needed 

Treatment needed? 

First dose? 

2nd+ dose? 

Admit to hospital? 

Isolate / infection 
control? 

Enroll in clinical 
trial? 

Inform public 
health officials? 

Dx info 
needed 

bacterial / viral / 
(fungal) 

Species / type  
(can be multiple) 

Susceptibility 

Pathogen load / 
quantitation  

Resistance profile 

Pathogen vs. 
colonizer 

Reliability (sensitivity 
and specificity): (% / 

%) 

Dx minimum  
profile 

Speed of end-to-end 
diagnosis:  

(# minutes / hours) 

Implementation cost 
(install, train, 

maintain): ($   ) 

Use cost (cost per test 
and staff time):  

($ / test) 

Test complexity: 
(measure needed) 

Scope of detection:  
(# and types of 

pathogens) 

Order diagnostic? 
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Patient and family 

Clinical 
microbiologist 



The implications of each patient presentation can thus be  
examined in light of ‘what lights up’ along each dimension 

Patient 
presentation 

Care setting 

Community 
 

PCP 

Community clinic 

Specialty care 

Long-term care 

Acute care 
 

In-patient ward 

Isolation Ward 

Critical care 

ER 

Biodefense 
 

Mass casualty 

Emerging pathogen 

Key decision-
makers 

Decision 
needed 

Treatment needed? 

First dose? 

2nd+ dose? 

Admit to hospital? 

Isolate / infection 
control? 

Enroll in clinical 
trial? 

Inform public 
health officials? 

Dx info 
needed 

bacterial / viral / 
(fungal) 

Species / type  
(can be multiple) 

Susceptibility 

Pathogen load / 
quantitation  

Resistance profile 

Pathogen vs. 
colonizer 

Reliability (sensitivity 
and specificity): (% / 

%) 

Dx minimum  
profile 

Speed of end-to-end 
diagnosis:  

(# minutes / hours) 

Implementation cost 
(install, train, 

maintain): ($   ) 

Use cost (cost per test 
and staff time):  

($ / test) 

Test complexity: 
(measure needed) 

Scope of detection:  
(# and types of 

pathogens) 

Order diagnostic? 
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HAP/VAP 
example 

Suspected HCAP / 
HAP /  VAP, 

critically ill patient 

Suspected upper 
respiratory 

infection - sinusitis 

Suspected 
pediatric otitis 

media (middle ear 
infection) 

Suspected severe 
sepsis infection 

… 

PCP 

ER Doctor 

ID specialist 

Critical care 
physician 

Other attending 
physician 

Nurse or NP 

Public health 
official 

Ambulatory care 
physician 

Patient and family 

Clinical 
microbiologist 



The workshop will ask participants to consider the integration  
of ABx and Dx through a set of patient-centred use cases 

Mild upper respiratory illness 
– sinusitis 

Critically ill patient, suspect HCAP / HAP /  
VAP 

Complicated UTI 

Care setting Community care setting Acute care Emergency Department 

Treatment 
context 

Patient not seriously ill:  sinusitis 
almost always clears without 
treatment 
 
However, patients often seek some 
treatment and antibiotics historically 
overprescribed 

Active therapy must not be delayed - mortality 
increases with each hour of delay 
 
HCAP, HAP, and VAP caused by wide variety of 
(mostly) bacterial pathogens, may be polymicrobial.   
 
Frequency of MDR pathogens varies by institution – 
link treatment to local 
surveillance data  

Active therapy can be briefly delayed, 
though some risk of sepsis or other 
complications depending on severity 
 
cUTI often caused by E. coli, though other 
bacterial pathogens common 
 
Frequency of MDR pathogens varies by 
institution and patient treatment history 

Treatment 
opportunity 

Overriding need for reliable and 
rapid Dx confirming presence or 
absence of a bacterial infection 
 
Needs to be simple test, appropriate 
for range of care environments and 
limited cost to install  

1st treatment: usually made based on available clinical 
data.  Diagnostic development funding should favor 
new biomarker research, practical implementation and 
speed. 
 
2nd treatment: Multiplexed tests needed as multiple 
types of resistance and pathogens.  Focus on test 
reliability to inform change of therapy. 

1st treatment: Not always clear when to 
treat empirically or await Dx results (cUTI 
higher likelihood of more resistant 
bacteria) 
 
2nd treatment: Change to more targeted 
based on the specific infecting organism 
and susceptibility as determined by urine 
culture 

Therapeutic 
development 
opportunity 

Limited interest in enrolling patients 
into clinical trial  

High possibility to enrich patients with microbiological 
data – but study drug should either be initial therapy 
or started within 24h to avoid trial exclusion 

Possibility to enrich in MDR ABx programs 
– but study drug should either be initial 
therapy or started within 24h to avoid 
trial exclusion 

Stewardship 
opportunity 
 

High volume use of ABx; significant 
stewardship opportunity if rDx can 
rule out bacterial 

More targeted (or even pathogen-specific) treatments 
will delay resistance 

Avoid potential collateral damage through 
more targeted treatments 
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Mild upper respiratory illness (sinusitis) 
§  Non-serious infection, usually outpatient, mild severity 
§  Significant cause of antibiotic overprescribing  
§  Key question: Is it possible to quickly rule out bacterial or confirm viral etiology?  
 
Complicated Urinary Tract Infection 
§  A more serious infection, might be out or inpatient 
§  Significant cause of antibiotic overprescribing  
§  Key question: Treat empirically, or await diagnostic to better target pathogen and 

susceptibility? 
 
HAP-VAP  
§  Serious infection, always inpatient 
§  Significant cost to delay 
§  Key question:  How to evolve therapy based on patient response and diagnostic 

results? 
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These patient cases selected to represent a spectrum of contexts 

We will use each of these cases as a context for framing diagnostic and antibiotic 
typologies, with implications for many other patient presentations. 
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28 

Background on 
the clinical 

syndromes we 
will work 
through 

Workshop 
approach 

Some topical 
background 

What we want to 
accomplish and 

why 



29 

What it is 

Burden 

Current 
diagnostic 

& 
treatment 
approach 

§  Sinusitis (or rhinosinusitis) is an inflammation of the sinuses and generally occurs 
during a cold 

§  The great majority (~98%) of cases are caused by viruses 
§  If symptoms persist for >10 days, increasing likelihood of bacterial etiology  

§  Typically diagnosed following a physical examination with symptoms including facial 
congestion/fullness and nasal obstruction/blockage 

§  Over prescribing of antibiotics is a major concern in the management of sinusitis 

§  Estimated 1 in 8 adults affected annually by sinusitis, with 30 million diagnoses in US 
alone 

§  Direct care cost of acute and chronic sinusitis exceeds $11 billion / year in the US 
§  Sinusitis results in an average of 1 to 2 lost workdays per patient per year  

Sinusitis 
 
Overview 

Sources for this section: American Academy of Otolaryngology and IDSA 2012 Clinical Practice Guideline for Acute Bacterial Rhinosinusitis; Budnitz DS, Pollock DA, 
Weidenbach KN, Mendelsohn AB, Schroeder TJ, Annest JL. National surveillance of emergency department visits for outpatient adverse drug events. JAMA. 
2006;296(15):1858-66.	  
 



 
What decisions does a doctor need to make? 
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Patient A: 35 year-old adult shows up at his local primary 
care physician's office.  
 
The patient is healthy besides following symptoms:  
§  Sinus pressure for last 7 days 
§  Fever 
§  Cough  
§  General fatigue (malaise) 

Patient requesting “antibiotics to make them feel 
better” 

§  Suspects viral infection 

§  Profile suggests extremely 
low mortality risk 

§  GP has prior experience 
with patient and is confident 
there are not complicating 
factors (e.g. 
immunocompetent 
individual) 

§  GP has approximately one 
working day (4-8h) to 
prescribe antibiotics 

General 
physician’s 
perspective 

GP decisions 
§  How do I avoid prescribing antibiotics for immediate empirical treatment?  (confirm viral only or 

bacterial +/- viral) 

1 2

3

A 

Sinusitis 



 
What are the treatment challenges? 
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Significant use and risk 
§  1 in 5 antibiotics prescribed in adults are for 

sinusitis 
§  Antibiotics cause 1 out of 5 emergency room visits per 

year for adverse drug events in US 

Etiology 
§  An estimated 98% of sinusitis cases caused by viruses (only 

~2% of sinusitis episodes are caused by bacterial infection) 
§  When bacterial, the most common species isolated are S 

pneumoniae, H influenzae, and Moraxella catarrhalis 
 
Diagnosis 
§  Gold standard for the diagnosis of acute bacterial sinusitis is the 

recovery of bacteria in high density from the cavity of a 
paranasal sinus.   

§  However, easy to misinterpret results – for example, assuming 
the presence of infection when actually the bacteria recovered 
represent contaminants derived from the nose.  

 
Treatment 
§  Despite numerous guidelines that encourage judicious antibiotic 

use, antibiotics are prescribed in >80% of US sinusitis 
patient visits  

§  Symptoms typically clear within 2-3 weeks without antibiotic 
therapy 

§  For patients that fail a period of watchful waiting, a “wait-and-
see antibiotic prescription” or “safety net antibiotic 
prescription” with instructions on when to fill can help 

§  Such prescriptions give mental comfort to patient and avoid 
additional physician visit if symptoms do not alleviate 

Sinusitis 

G/P decision: Do I prescribe an antibiotic? 

CDC Guidelines on typical infection cause and ABx use 
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What it is 

Burden 

Current 
diagnostic 

& 
treatment 
approach 

§  Hospital-Acquired Pneumonia (HAP): often defined as pneumonia occurring within 48 hours 
or more after patient admission, or pneumonia linked to previous hospitalization 

§  Ventilator-associated pneumonia (VAP):  HAP in patients receiving mechanical ventilation. 
VAP incidence is 10%–30% for patients requiring mechanical ventilation >48 h.  

§  Typically very similar treatment guidelines for HAP and VAP 
§  Estimated ~62% crude mortality for HAP, though many die of underlying disease, not pneumonia.  

§  HAP rate of 5-10 cases per 1,000 hospital admissions, with a significant (~10x) rate increase in 
mechanically ventilated patients 

§  In many countries, HAP accounts for ~25% of all ICU infections and more than 50% of the 
antibiotics prescribed. In the US,  HAP is the 2nd most common nosocomial infection.  

§  HAP increases hospital length of stay by 7-9 days and is estimated to add $40,000 in cost 
for each per patient. 

§  HAP etiology is usually bacterial 
§  Care setting is hospital ward or the ICU  
§  Risk of pneumonia due to MDR pathogen increases for HAP / VAP compared to CAP  
§  Suspicion of HAP / VAP will prompt sputum and blood cultures for microbiology – and patient 

assessment for MDR risk factors 
§  If high pretest probability of pneumonia, prompt therapy is required regardless of diagnostic 

results – increasing mortality associated with delay in treatment 

 
Overview  HAP / VAP 

Sources for this section:  American Thoracic Society and the Infectious Diseases Society of America; Hospital-acquired pneumonia guidelines in Europe: a 
review of their status and future development - Journal of Antimicrobial Chemotherapy, (2007)	  



 
What decisions does a doctor need to make? 
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Patient B: 65 year old man admitted to hospital with a 
head injury. Develops a cough after five days in hospital.  
Other symptoms: 
§  Fever 
§  Leukocytosis (high white blood cell count) 
§  Increased respiratory rate 
§  Shortness of breath 
§  Productive cough 

§  HAP that emerges after 
5+ days of hospitalization 
is more likely to be 
associated with an MDR 
pathogen 

§  ICU setting allows use of 
complex tests and faster 
turn-around time due to 
local pathology lab 

ICU doctor’s 
perspective 

GP decisions 
•  What do I administer for the first ABx treatment? (assume empirical treatment) 
•  How can I confirm the etiology of the HAP / VAP? (specific pathogen) 
•  Is this patient eligible to enroll in a clinical trial?  
•  How does the patient response to first dose and diagnostic results (including 

susceptibility) inform the second dose? (more targeted therapy) 

1 2

3

B 

HAP / VAP 



 
What is causing HAP / VAP? 
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Etiology 
It is probably bacterial: HAP and VAP can be caused by a 
wide spectrum of bacterial pathogens and may be 
polymicrobial.  HAP / VAP is rarely due to viral or fungal 
pathogens in immunocompetent hosts.  Common pathogens 
include aerobic gram-negative bacilli, such as P. aeruginosa, 
Escherichia coli, Klebsiella pneumoniae, and Acinetobacter species. 
Infections due to gram-positive cocci, such as Staphylococcus 
aureus, particularly methicillin-resistant S. aureus (MRSA), are 
becoming more common.  
 
HAP / VAP similar etiology: In general, bacteriology of non-
ventilated patients (HAP) was similar to that of ventilated 
patients (VAP). 
 
Hospital-specific differences: Bacteriology varies by 
hospital, specific sites within the hospital, and from one 
time period to another – so treatment decisions should take 
into account local microbiologic data. 
 
Identifying pathogen and susceptibility important: 
Inappropriate therapy (failure of the etiologic pathogen to be 
susceptible to the administered antibiotic) is a major risk factor 
for excess mortality and length of stay for patients with HAP - 
antibiotic-resistant organisms are the pathogens most 
commonly associated with inappropriate therapy.  

Diagnosis 
Diagnostic testing is ordered to 
•  define whether a patient has pneumonia (e.g. noninfectious 

diseases can be mistaken for HAP such as  congestive heart 
failure or lung contusion after trauma).   

•  determine the etiologic pathogen if pneumonia present 
 
Molecular diagnostic methods have potential to include bacterial 
targets useful in the identification of microorganisms and 
antimicrobial resistance, analyze directly unprocessed samples and 
obtain quantitative results in bacterial HAP/VAP.   

HAP / VAP 



 
What is a typical treatment strategy? 
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Treatment: 
Early-onset HAP and VAP, occurring within the first 4 days of 
hospitalization, usually carry a better prognosis, and are more 
likely to be caused by antibiotic-susceptible bacteria. Late-onset 
HAP and VAP (5 days or more) are more likely to be caused by 
multidrug-resistant (MDR) pathogens, and are associated with 
increased patient mortality and morbidity. 
 
However, patients with early-onset HAP who have received prior 
antibiotics or who have had prior hospitalization within the past 
90 days are at greater risk for colonization and infection with 
MDR pathogens. 
 
A lower respiratory tract culture needs to be collected from all 
patients before antibiotic therapy, but collection of cultures will 
not delay the initiation of therapy in critically ill patients. Patients 
without risk factors will often take limited spectrum  antibiotics 
similar to those used for CAP.   
 
However, patients who received adequate antibiotic treatment 
have lower mortality than did those who received inadequate 
therapy (16% vs 25% in one study).  Getting the therapy right is 
important. 

Treatment decision: How to 
evolve treatment based on 
diagnostic results and 
patient response? Change, de-
escalate / narrow, maintain, … 

Treatment decision: What first dose therapy? Ideally, 
confirm HAP/VAP and specific etiology  

HAP / VAP 



 
Is this patient a good candidate for a clinical trial? 
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•   

Why do pharmaceutical companies often focus studies in HAP / VAP? 
§  Unmet need: HAP / VAP major cause of serious infections. Success in this indication addresses a significant 

unmet medical need. 

§  Patient and pathogen volume: There are large number of potential patients for enrollment and HAP / VAP is a 
major source of resistant bacteria. 

§  Specimen collection: Microbiology of infections can be readily defined because of relatively easy access to valid 
specimens with VAP (HAP specimen access remains problematic) 

§  Demonstrating efficacy: More likely to demonstrate significant mortality benefit among patients who receive 
initially ineffective therapy allows estimation of the treatment effect relative to no therapy 

 

What do pharmaceutical companies typically look for in HAP / VAP studies? 
§  Identification of one or more specific bacterial species 

§  Presence of resistance markers to demonstrate efficacy against multidrug-resistant organisms 

What are some of the challenges on enrolling HAP / VAP patients? 
§  Enrollment criteria: Seriously ill patients may not be eligible for clinical trial 

§  Confounding: Patients often empirically treated and/or have prior antibiotic exposure 

§  Generalizability: Data generated globally has significant variations in pathogens, resistance, and treatment 
strategies 

Decision: Is patient a good candidate for an antibiotic clinical trial? Must enroll within 24 hours of start  
of AB therapy 

HAP / VAP 
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What it is 

Burden 

Current 
diagnostic 

& 
treatment 
approach 

§  A urinary tract infection (UTI) is an infection in any part of the urinary system including the 
kidneys, ureters, bladder and urethra. Infections involve the lower urinary tract, the bladder and the 
urethra. 

§  A Complicated urinary tract infection (cUTI) occur when certain additional factors are 
present – e.g. obstructed urinary flow due to congenital causes, urinary stones, presence of a 
catheter, diabetes, or pregnancy 

§  The likelihood of treatment failure and serious complications including the development of 
antimicrobial resistance is more common in cUTI 

§  Urinary tract infection (UTI) is the most common bacterial infection - An estimated 150 
million UTIs occur globally. Approximately 40% of all nosocomial infections are UTIs  

§  UTIs lead to 100,000 hospital admissions annually in the US alone 
§  Significant complications possible - cUTI can lead to septic shock or even death 
§  Number of cUTIs due to resistant Gram-negative bacteria is rising, primarily caused by spread 

of ESBL-producing bacteria 

§  For UTI, E. coli the cause 80–85% / staphylococcus saprophyticus cause in 5–10% of cases 
§  For cUTI, broader range of potentially infecting organisms with higher likelihood of resistance 
§  Complicated UTI diagnosis is a urine culture result and one or more complicating factors 
§  Goal of therapy for cUTI is to combat sepsis, relieve symptoms and prevent complications 

 
Overview cUTI 

Sources: European Association of Urology 2013 treatment guidelines; IDSA Uncomplicated Cystitis and Pyelonephritis (UTI) treatment guideline,  
	  



 
What decisions must an ED doctor make? 

38 

§  ED work in fast-paced 
environment – often spend 
5-10 minutes per patient. 

§  Must balance risks of 
providing suboptimal ABx 
treatment with need to 
expedite discharge of 
patients to make space 

§  ED doctor will often lack 
relationship or detailed 
clinical context on a patient 

§  Turnaround time is critical 
for tests in ED – ideally 
result in <1 hour 

ED  
doctor’s 
perspective 

ED doctor decisions 
§  Should this patient be admitted to the hospital?  What specific care setting? 
§  Should I treat empirically, or await results from a diagnostic test to target 

treatment? 
§  What specific tests should I order? 

1 2

3

C 

cUTI 

Patient B:  80-year-old woman is referred to the ED from 
her nursing home.  Patient had antibiotics use within last 
~8 weeks to treat bacterial pneumonia, but unclear of 
specific prescription.  Patient complains of classic UTI 
symptoms: 
§  Dysuria 
§  Urgency 
§  Frequency 



 
What is causing the urinary tract infection? 
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Etiology 
cUTI organisms tend to be more resistant 
to antimicrobials compared to UTI strains. 
 
Common uropathogens can have acquired 
resistance (E. coli) or intrinsic resistance (e.g. 
P. aeruginosa). Repeated ABx treatment in 
patients with recurrent infection and 
nosocomial infections contributes to 
increasing prevalence of resistance.   
 
Complicated UTIs is more varied etiology 
and is less predictable than uncomplicated 
UTIs.  Uncomplicated UTIs are often 
caused (~85%) by E. coli.   
 
While E. coli is still most common in 
complicated UTIs, it is found in only 50% of 
cases. Other organisms such as Proteus 
species, Klebsiella species, enterococci, 
Pseudomonas aeruginosa, and even yeast may 
be isolated.  There is also the possibility 
infections caused by two or more organisms 
may occur.  

Diagnosis 
Typical symptoms include frequent urination, 
dysuria (pain when urinating), fever, chills, back 
pain and signs of a systemic inflammatory 
response. If dysuria and frequency are 
present, the probability of a UTI is >90%. 
 
Suspected complicated  UTI typically leads to a 
urine specimen for culture and antibiotic 
susceptibility testing.  
 
A positive urine culture confirms but alone is not 
diagnostic of a UTI. A negative urine culture, 
however, has a high negative predictive value, and 
is useful to exclude urinary infection.  
 
Complicated UTI diagnostic typically includes a 
urine culture result and one or more of the 
factors listed on the table to the right. 

Decision: Treat 
empirically? Or, await 
test results? 

Decision: What specific 
diagnostic tests should 
I order?  

cUTI 



 
How severe is the infection? 
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UTI: Minimal risk of progression 
to tissue invasion or sepsis - 
spontaneous resolution is likely.  
Most urinary tract infections are 
uncomplicated. Several options 
for empirical therapy.  

Source: European Section of Infection in Urology 

cUTI: Culture and sensitivity testing should be performed due to range 
of potential infecting pathogens and risk of resistance.   
Selecting an antibiotic on effectiveness, risks of adverse effects, 
resistance rates, and propensity to cause collateral damage (ecologic 
adverse effects of antibiotic therapy leads to proliferation of drug-
resistant organisms and further colonization / infection with multidrug-
resistant organisms) 

cUTI 



 
What is a common treatment strategy? 

41 

Treatment: 
 
In general, treatment recommendations for patients with complicated UTIs are much less well defined.    
 
First dose: 
§  Some guidelines recommend cUTI patients should receive empiric therapy pending the results of a urine culture.  This 

empiric therapy should consider local antimicrobial resistance rates and a patient’s recent antimicrobial use. 
§  Others recommend awaiting results from urine sample before starting empirical antibiotic therapy. Ideally, therapy 

should be guided by urine culture to avoid the emergence of resistant strains. 
 
Choice of an initial empiric antimicrobial therapy will depend on: 
§  Local antimicrobial resistance rates 
§  Comorbidities 
§  Drug interactions 
§  Previous antibiotic usage 
 
Subsequent therapy: 
§  Any empirical therapy should be replaced by a therapy based on the specific infecting organisms identified in the urine 

culture. 
§  In initial therapy fails or if severe case of cUTI, some guidelines recommend treatment switch to an antibiotic with a 

broader  spectrum that is also active against Pseudomonas. 
 
Hospitalization is also often required 

cUTI 


