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Foreword

Since	
  their	
  discovery	
  in	
  the	
  early	
  20th	
  century,	
  antibiotics	
  and	
  related	
  medicinal	
  drugs	
  have	
  substan-­‐
tially	
  reduced	
  the	
  threat	
  posed	
  by	
  infectious	
  diseases.	
  Over	
  the	
  years,	
  these	
  antimicrobials	
  have	
  saved	
  
the	
  lives	
  and	
  eased	
  the	
  suffering	
  of	
  millions	
  of	
  people,	
  especially	
  in	
  developing	
  countries	
  where	
  in-­‐

fectious	
  diseases	
  remain	
  a	
  big	
  challenge.	
  Even	
  in	
  conditions	
  of	
  abject	
  poverty	
  and	
  poor	
  infrastructure	
  and	
  
services,	
  antibiotics	
  have	
  worked	
  wonders.	
  These	
  gains	
  are	
  now	
  seriously	
  jeopardised	
  by	
  the	
  emergence	
  

most	
  of	
  sub-­‐Saharan	
  Africa,	
  the	
  arsenal	
  of	
  antibiotics	
  is	
  already	
  very	
  limited.	
  Any	
  breach	
  on	
  the	
  list	
  leads	
  to	
  
near-­‐total	
  loss	
  of	
  treatment	
  choices	
  for	
  many	
  severe	
  infections.	
  

In	
  Kenya,	
  the	
  bacterial	
  infections	
  that	
  contribute	
  most	
  to	
  human	
  disease	
  are	
  often	
  those	
  in	
  which	
  re-­‐
sistance	
   is	
  most	
  evident.	
  Examples	
  are	
  multidrug-­‐resistant	
  enteric	
  bacterial	
  pathogens	
  such	
  as	
   typhoid,	
  
diarrhoeagenic	
  Escherichia	
  coli	
  and	
  invasive	
  non-­‐typhi	
  salmonella,	
  penicillin-­‐resistant	
  Streptococcus	
  pneu-­‐
moniae,	
  vancomycin-­‐resistant	
  enterococci,	
  methicillin-­‐resistant	
  Staphylococcus	
  aureus	
  and	
  multidrug-­‐re-­‐
sistant	
  Mycobacterium	
  tuberculosis.	
  Resistance	
  to	
  medicines	
  commonly	
  used	
  to	
  treat	
  malaria	
  is	
  of	
  particu-­‐
lar	
  concern,	
  as	
  is	
  the	
  emerging	
  resistance	
  to	
  anti-­‐HIV	
  drugs.	
  Often,	
  more	
  expensive	
  medicines	
  are	
  required	
  
to	
  treat	
  these	
  infections,	
  and	
  this	
  becomes	
  a	
  major	
  challenge	
  in	
  resource-­‐poor	
  settings.

Although	
  overuse	
  and	
  misuse	
  of	
  antimicrobials	
  have	
  contributed	
  to	
  the	
  emergence	
  and	
  spread	
  of	
  resis-­‐
tance,	
  paradoxically,	
  underuse	
  through	
  lack	
  of	
  access,	
  inadequate	
  dosing,	
  poor	
  adherence,	
  and	
  substandard	
  
antimicrobials	
  may	
  play	
  an	
  equally	
  important	
  role.	
  And	
  of	
  course,	
  complete	
  lack	
  of	
  access	
  can	
  mean	
  death,	
  

-­‐

-­‐
dlers	
  hawk	
  drugs	
  on	
  the	
  street.	
  In	
  many	
  chemist	
  shops	
  across	
  Kenya	
  one	
  easily	
  purchases	
  antibiotics	
  (any	
  
proportion	
  of	
  actual	
  dosage)	
  over	
  the	
  counter,	
  without	
  prescription.	
  

Even	
  with	
  the	
  best	
  intentions	
  to	
  implement	
  guidelines	
  for	
  improving	
  the	
  use	
  of	
  antibiotics,	
  we	
  cannot.	
  

the	
  resources	
  to	
  do	
  the	
  job	
  are	
  not	
  available.	
  Only	
  well-­‐coordinated	
  national	
  surveillance	
  will	
  provide	
  the	
  
necessary	
  data	
  for	
  risk	
  analysis	
  and	
  risk	
  assessment.	
  Our	
  central	
  reference	
  laboratory	
  will	
  require	
  person-­‐

the	
  usage	
  and	
  resistance	
  data	
  currently	
  available	
  for	
  Kenya,	
  and	
  the	
  recommendations	
  have	
  been	
  tailored	
  to	
  
the	
  situation	
  as	
  we	
  understand	
  it.	
  Using	
  this	
  and	
  information	
  from	
  other	
  parts	
  of	
  Africa	
  and	
  the	
  world,	
  we	
  
can	
  plot	
  a	
  course	
  for	
  the	
  short	
  term	
  and	
  beyond	
  by	
  thorough	
  analysis	
  of	
  the	
  policy	
  options	
  open	
  to	
  us.	
  We	
  
must	
  make	
  the	
  case	
  that	
  taking	
  steps	
  to	
  control	
  antibiotic	
  resistance	
  is	
  worthwhile	
  and	
  that	
  we	
  can	
  make	
  
a	
  difference	
  at	
  reasonable	
  cost.	
  That	
  is	
  our	
  challenge	
  for	
  the	
  next	
  year.	
  We	
  welcome	
  ideas,	
  comments	
  and	
  

of	
  the	
  GARP	
  Working	
  Group–Kenya.

Samuel	
  Kariuki	
  	
  
Director of the Centre for Microbiology Research, Kenya Medical Research Institute
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Executive Summary

The	
  past	
  decade	
  has	
  been	
  a	
  period	
  of	
  positive	
  change	
  for	
  the	
  public	
  health	
  of	
  Kenya.	
  Looking	
  ahead,	
  

from	
  the	
  2010	
  Demographic	
  and	
  Health	
  Survey,	
  poverty	
  and	
  child	
  mortality	
  have	
  decreased,	
  and	
  
a	
  larger	
  proportion	
  of	
  the	
  population	
  has	
  access	
  to	
  healthcare—including	
  life-­‐saving	
  antibiotics.	
  Despite	
  
these	
  improvements,	
  the	
  infectious	
  disease	
  burden	
  in	
  Kenya	
  remains	
  high.	
  This	
  combination	
  of	
  improved	
  

-­‐
invited	
  but	
  not	
  unexpected	
  guest:	
  antibiotic	
  resistance.	
  

As	
  with	
  other	
  shared	
  resources,	
  antibiotics	
  consumed	
  by	
  an	
  individual—whether	
  the	
  individual	
  ben-­‐

effective,	
  Kenyan	
  citizens	
  and	
  the	
  government	
  will	
  be	
  forced	
  to	
  either	
  pay	
  more	
  for	
  newer	
  drugs	
  to	
  replace	
  
the	
  inexpensive	
  standards	
  or	
  forgo	
  treatment	
  because	
  it	
  is	
  too	
  costly.	
  In	
  some	
  cases,	
  antibiotic	
  resistance	
  
rates	
  are	
  already	
  high.	
  The	
  eventual	
  loss	
  of	
  antibiotics	
  that	
  are	
  now	
  effective	
  is	
  inevitable,	
  but	
  it	
  can	
  happen	
  
years	
  from	
  now	
  or	
  decades	
  from	
  now,	
  depending	
  upon	
  near-­‐term	
  actions.	
  The	
  growth	
  of	
  resistance	
  rates	
  
can	
  be	
  slowed	
  and	
  even	
  reversed	
  as	
  the	
  health	
  of	
  the	
  public	
  is	
  enhanced,	
  by	
  preventing	
  many	
  infections	
  
through	
  vaccination;	
  by	
  better	
   targeting	
  antibiotic	
  use	
   for	
   curable	
  bacterial	
   infections	
   rather	
   than	
  viral,	
  
fungal,	
  or	
  parasitic	
  illness;	
  and	
  by	
  reducing	
  non-­‐therapeutic	
  uses	
  of	
  antibiotics	
  in	
  livestock	
  and	
  poultry.

The	
  Global	
  Antibiotic	
  Resistance	
  Partnership	
  (GARP),	
  now	
  completing	
  its	
  initial	
  phase,	
  aims	
  to	
  develop	
  
policy	
  responses	
  to	
  manage	
  antibiotic	
  effectiveness	
  through	
  the	
  actions	
  and	
  recommendations	
  of	
  multidis-­‐
ciplinary	
  working	
  groups	
  representing	
  both	
  the	
  public	
  and	
  private	
  sectors,	
  which	
  consider	
  the	
  conditions	
  
and	
  characteristics	
  that	
  determine	
  what	
  policy	
  changes	
  are	
  feasible	
  and	
  likely	
  to	
  have	
  an	
  effect	
  in	
  the	
  local	
  
context.	
  In	
  addition	
  to	
  Kenya,	
  the	
  three	
  other	
  founding	
  GARP	
  countries	
  are	
  India,	
  South	
  Africa	
  and	
  Vietnam.	
  
Each	
  has	
  gone	
  through	
  a	
  similar	
  process	
  to	
  assess	
  the	
  current	
  situation	
  and	
  develop	
  a	
  menu	
  of	
   tailored	
  

-­‐
tions	
  (in	
  a	
  process	
  described	
  below)	
  and	
  new	
  countries	
  will	
  join	
  the	
  Partnership.

Antibiotic Resistance

-­‐

and	
  third-­‐generation	
  antibiotics	
  are	
  losing	
  effectiveness	
  against	
  infectious	
  diseases	
  common	
  in	
  low-­‐	
  and	
  
middle-­‐income	
  countries.	
  The	
  World	
  Health	
  Organization	
  (WHO)	
  has	
  an	
  ongoing	
  initiative	
  to	
  develop	
  inter-­‐
ventions	
  for	
  reclaiming	
  the	
  effectiveness	
  of	
  antibiotics	
  against	
  global	
  and	
  local	
  strains	
  of	
  resistant	
  bacteria.

There	
  can	
  be	
  no	
  doubt	
  that	
  Kenya	
   is	
  already	
  experiencing	
  high	
   levels	
  of	
  antibiotic	
  resistance,	
  and	
   in	
  
most	
  cases,	
  it	
  is	
  worsening.	
  Exactly	
  how	
  high	
  the	
  rates	
  are	
  currently	
  or	
  how	
  quickly	
  they	
  are	
  increasing	
  is	
  
not	
  known	
  with	
  any	
  certainty,	
  however,	
  because	
  antibiotic	
  resistance	
  surveillance	
  is	
  not	
  systematically	
  con-­‐

and	
  for	
  infections	
  acquired	
  in	
  healthcare	
  facilities—indicate	
  that	
  many	
  antibiotic	
  regimens	
  supplied	
  by	
  the	
  
government	
  are	
  unlikely	
  to	
  be	
  effective	
  against	
  infections	
  of	
  wide	
  concern.	
  

Respiratory Infections
Streptococcus	
  pneumoniae.	
   S.	
  pneumoniae	
  isolates	
  in	
  Nairobi	
  were	
  resistant	
  to	
  

penicillin	
  in	
  the	
  mid-­‐1980s,	
  and	
  by	
  2003,	
  43	
  percent	
  were	
  resistant	
  (Paul,	
  Bates	
  et	
  al.	
  1996;	
  Kariuki,	
  Muyodi	
  

line	
  treatments	
  (Mwangi,	
  Berkley	
  et	
  al.	
  2002;	
  Kariuki,	
  Muyodi	
  et	
  al.	
  2003).
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-­‐
phenicol	
  was	
  effective	
  against	
   	
  type	
  B	
  half	
  the	
  time	
  in	
  2001	
  but	
  only	
  32	
  percent	
  in	
  2002	
  (Scott,	
  
Mwarumba	
  et	
  al.	
  2005).	
  Up	
   to	
  66	
  percent	
  of	
   isolates	
  were	
  resistant	
   to	
  cotrimoxazole	
   in	
  2002	
  (Mwangi,	
  
Berkley	
  et	
  al.	
  2002;	
  Kariuki,	
  Muyodi	
  et	
  al.	
  2003).

Severe	
  pneumonia.	
  In	
  2005,	
  half	
  the	
  children	
  with	
  severe	
  pneumonia	
  were	
  infected	
  with	
  isolates	
  that	
  
were	
  resistant	
  to	
  penicillin	
  in	
  the	
  laboratory	
  (Berkley,	
  Maitland	
  et	
  al.	
  2008).

Diarrheal Infections
Bacterial	
  diarrhoea.	
  In	
  2001,	
  more	
  than	
  half	
  the	
  pathogens	
  in	
  the	
  Western	
  province	
  were	
  not	
  suscep-­‐

Non-­typhi	
  Salmonella	
  (mainly	
  gastrointestinal	
  infections).	
  In	
  the	
  mid-­‐1990s,	
  more	
  than	
  45	
  percent	
  
of	
  isolates	
  were	
  resistant	
  to	
  ampicillin,	
  cotrimoxazole	
  or	
  both.	
  By	
  2005,	
  resistance	
  had	
  risen	
  to	
  94	
  percent	
  
for	
  ampicillin	
  and	
  67	
  percent	
   for	
   cotrimoxazole	
   (Kariuki,	
  Gilks	
  et	
   al.	
   1996;	
  Kariuki,	
  Revathi	
   et	
   al.	
   2005;	
  
Kariuki	
  2009).	
  Reports	
  of	
  multi-­‐drug	
  resistant	
  Non-­‐typhi	
   	
  in	
  hospital	
  and	
  community	
  settings	
  
are	
  also	
  cause	
  for	
  concern,	
  rising	
  from	
  31	
  percent	
  in	
  1993	
  to	
  42	
  percent	
  in	
  2003	
  (Kariuki,	
  Revathi	
  et	
  al.	
  

-­‐
roquinolones.	
  

Dysentery	
  (Shigella	
  spp).	
  As	
  early	
  as	
  2003,	
   	
  isolates	
  were	
  highly	
  resistant	
  to	
  ampicillin	
  (85	
  per-­‐
cent),	
  cotrimoxazole	
  (94	
  percent),	
  chloramphenicol	
  (91	
  percent)	
  and	
  tetracycline	
  (100	
  percent)	
  (Bartoloni	
  

Gilks	
  et	
  al.	
  1996).

Typhoid	
  fever	
  (Salmonella	
  Typhi).	
  The	
  spread	
  and	
  gradual	
  replacement	
  of	
  drug-­‐sensitive	
  strains	
  of	
  
Typhi	
  with	
  multidrug-­‐resistant	
  strains	
  threatens	
  to	
  reduce	
  clinical	
  options	
  for	
  treating	
  typhoid	
  

fever	
  (Kariuki	
  2010).	
  Surveillance	
  at	
  Kenyatta	
  National	
  Hospital	
  indicates	
  that	
  the	
  prevalence	
  of	
  S.	
  Typhi	
  
resistant	
  to	
  two	
  or	
  more	
  antibiotics	
  has	
  been	
  rising,	
  from	
  50	
  percent	
  in	
  1998	
  to	
  70	
  to	
  78	
  percent	
  in	
  2004	
  
(Kariuki,	
  Revathi	
  et	
  al.	
  2004;	
  Okeke	
  and	
  Ojo	
  2010).	
  

-­‐
phenicol,	
  tetracycline,	
  streptomycin	
  and	
  cotrimoxazole	
  (Kariuki,	
  Revathi	
  et	
  al.	
  2004).

Nonpathogenic	
  ‘commensal’	
  bacteria.	
  In	
  young	
  children,	
  nonpathogenic 	
  isolates	
  are	
  
-­‐

cent),	
  tetracycline	
  (71	
  percent)	
  and	
  ampicillin	
  (66	
  percent)	
  (Bii,	
  Taguchi	
  et	
  al.	
  2005;	
  Kariuki	
  2009;	
  Kariuki	
  
	
   exhibited	
   resistance	
   levels	
   as	
  high	
  as	
  85	
  percent	
   to	
   cotrimoxazole,	
  78	
  percent	
   to	
  

amoxicillin	
  and	
  42	
  percent	
  to	
  chloramphenicol	
  (Bejon,	
  Mwangi	
  et	
  al.	
  2005).

Hospital-Acquired Infections
Hospital-­‐acquired	
   infections	
   (HAIs)	
  are	
  a	
  problem	
  worldwide.	
  HAIs	
   increase	
   the	
   likelihood	
  of	
  death,	
  

prolong	
  hospital	
   stays,	
   and	
   can	
  be	
   very	
   expensive	
   to	
   treat.	
  And	
  because	
   antibiotics	
   are	
   so	
  heavily	
  used	
  
in	
  hospitals,	
  hospitals	
  are	
  perfect	
  breeding	
  grounds	
  for	
  antibiotic	
  resistance.	
  In	
  Kenya,	
  only	
  a	
  few	
  studies	
  
have	
  reported	
  HAI	
  rates.	
  These	
  suggest	
  that	
  up	
  to	
  17	
  percent	
  of	
  neonatal	
  patients	
  and	
  40	
  to	
  50	
  percent	
  of	
  
intensive-­‐care	
  unit	
  (ICU)	
  patients	
  become	
  infected.	
  As	
  in	
  other	
  countries,	
  surgical	
  site	
  infections,	
  infections	
  
of	
  the	
  urinary	
  tract	
  and	
  pneumonias	
  are	
  the	
  most	
  common.	
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Factors Affecting Antibiotic Resistance Rates

Burden of Infectious Disease
-­‐

based	
  studies.	
  Yet	
  the	
  majority	
  of	
  illnesses	
  and	
  deaths	
  occur	
  outside	
  the	
  hospitals,	
  where	
  diagnostic	
  facili-­‐
ties	
  are	
  few.	
  

Acute	
  respiratory	
  infections	
  (ARIs)	
  are	
  the	
  second	
  leading	
  cause	
  of	
  death	
  in	
  all	
  ages	
  across	
  the	
  country,	
  
with	
  pneumonia	
  as	
  the	
  largest	
  contributor	
  to	
  the	
  burden	
  of	
  disease	
  among	
  children	
  living	
  in	
  ‘urban	
  informal	
  

-­‐

rehydration	
  therapy,	
  to	
  regular	
  outbreaks	
  of	
  cholera,	
  typhoid	
  fever,	
  shigella	
  dysentery,	
  and	
  non-­‐typhoidal	
  
salmonella.	
  ARIs	
  and	
  diarrhoeal	
  episodes	
  are	
  among	
  the	
  most	
  frequent	
  reason	
  for	
  antibiotic	
  prescription	
  

their	
  exact	
  etiology	
  remain	
  critical	
  challenges	
  to	
  rationalizing	
  antibiotic	
  use	
  in	
  Kenya.	
  

-­‐
sive	
  bacterial	
  disease	
  and	
  pneumonia.	
  Antibiotics	
  are	
  increasingly	
  used	
  to	
  prevent	
  and	
  treat	
  opportunistic	
  
infections	
  in	
  people	
  living	
  with	
  HIV.	
  Many	
  take	
  cotrimoxazole	
  daily	
  as	
  prophylaxis,	
  raising	
  concern	
  over	
  the	
  
emergence	
  and	
  spread	
  of	
  resistance	
  to	
  this	
  cheap	
  and	
  well-­‐tolerated	
  drug.

Healthcare Environment and Behaviour
Antibiotics	
  are	
  also	
  misused—their	
  effectiveness	
  wasted—in	
  patients	
  with	
  conditions	
  that	
  cannot	
  be	
  

cured	
  by	
  antibiotics.	
  This	
  practice	
  is	
  common	
  not	
  only	
  among	
  people	
  who	
  purchase	
  antibiotics	
  themselves,	
  
but	
  also	
  by	
  doctors	
  and	
  other	
  licensed	
  prescribers.	
  Studies	
  from	
  Kenya	
  have	
  uncovered	
  an	
  array	
  of	
  possible	
  
reasons	
  for	
  this	
  behaviour	
  that	
  is	
  similar	
  to	
  what	
  has	
  been	
  found	
  in	
  other	
  countries:

	
  lack	
  of	
  microbiology	
  facilities	
  and	
  diagnostic	
  capacity;

	
  fear	
  of	
  negative	
  outcomes	
  if	
  antibiotics	
  are	
  withheld,	
  particularly	
  with	
  malaria	
  patients;

	
  limited	
  access	
  to	
  formal	
  healthcare	
  services	
  and	
  the	
  prevalence	
  of	
  self-­‐medication;	
  and

	
  

Lack	
  of	
  diagnostics	
  and	
  fear	
  of	
  negative	
  outcomes.	
  Patients	
  who	
  make	
  it	
  to	
  the	
  hospital	
  often	
  arrive	
  
with	
  serious	
  infections,	
  but	
  in	
  many	
  places	
  in	
  Kenya,	
  microbiology	
  services	
  are	
  limited	
  to	
  nonexistent.	
  In	
  
cases	
  of	
  life-­‐threatening	
  diseases,	
  a	
  culture	
  result	
  often	
  takes	
  longer	
  to	
  obtain	
  than	
  the	
  time	
  necessary	
  to	
  

-­‐

be	
  determined	
  in	
  the	
  event	
  of	
  bacterial	
  disease.	
  Thus,	
  broad-­‐spectrum	
  antibiotics	
  are	
  applied.	
  Improved	
  use	
  
and	
  quality	
  of	
  diagnostics	
  that	
  match	
  pathogens	
  with	
  narrow-­‐spectrum	
  antibiotics	
  could	
  avert	
  some	
  of	
  the	
  
resulting	
  loss	
  in	
  effectiveness	
  and	
  would	
  certainly	
  avoid	
  the	
  use	
  of	
  antibiotics	
  for	
  viral	
  and	
  other	
  diseases.

Access	
  and	
  self-­medication. -­‐
proving	
  the	
  health	
  status	
  of	
  citizens	
  and	
  has	
  recognised	
  health	
  as	
  a	
  prerequisite	
  to	
  social	
  and	
  economic	
  de-­‐
velopment.	
  Health	
  spending	
  in	
  Kenya	
  has	
  decreased,	
  however,	
  since	
  reforms	
  in	
  2002,	
  from	
  9	
  percent	
  to	
  less	
  

total	
  health	
  expenditures,	
  the	
  government	
  share	
  is	
  low,	
  30	
  percent,	
  compared	
  with	
  75	
  percent	
  in	
  developed	
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countries.	
  Households	
  provide	
  the	
  largest	
  share,	
  53	
  percent,	
  through	
  user	
  fees	
  (World	
  Health	
  Organization	
  

out-­‐of-­‐pocket	
  expenditures.	
  Meanwhile,	
  the	
  2009	
  Budget	
  Strategy	
  Report	
  recommends	
  a	
  decrease	
  in	
  gov-­‐
ernment	
  health	
  spending.	
  

Inadequate	
  access	
  to	
  formal	
  healthcare	
  and	
  medicines	
  leads	
  to	
  self-­‐medication	
  and	
  fuels	
  irrational	
  use	
  
-­‐

formal	
  healthcare	
  system	
  encourage	
  them	
  to	
  bypass	
  providers	
  and	
  purchase	
  medicines	
  without	
  receiving	
  a	
  
diagnosis.	
  Around	
  half	
  of	
  ill	
  patients	
  visiting	
  the	
  hospital	
  previously	
  seek	
  care	
  from	
  informal	
  drug	
  sellers	
  in	
  

outpatient	
  care	
  (Kakai	
  and	
  Wamola	
  2002;	
  Kwena,	
  Sharma	
  et	
  al.	
  2008;	
  Thoithi	
  and	
  Okalebo	
  2009;	
  Bigogo,	
  
Audi	
  et	
  al.	
  2010;	
  Karambu	
  2011).	
  Legally,	
  a	
  prescription	
  is	
  required,	
  yet	
  consumers	
  can	
  purchase	
  antibiot-­‐
ics	
  over	
  the	
  counter	
  at	
  pharmacies	
  and	
  other	
  shops.	
  An	
  estimated	
  70	
  percent	
  of	
  pharmacies	
  dispense	
  an-­‐

Okalebo	
  2009;	
  Karambu	
  2011).

But	
  while	
  self-­‐medication	
  is	
  very	
  common,	
  it	
   is	
  not	
  very	
  accurate.	
  Staff	
  at	
  retail	
  pharmacies,	
  many	
  of	
  
which	
  are	
  unlicensed	
  and	
  poorly	
  managed,	
  may	
  recommend	
  the	
  wrong	
  treatment	
  or	
  provide	
  incorrect	
  dos-­‐
age	
  levels.	
  Patients	
  with	
  limited	
  incomes	
  may	
  want	
  to	
  purchase	
  only	
  part	
  of	
  a	
  recommended	
  course	
  and	
  can	
  
more	
  easily	
  negotiate	
  this	
  practice	
  at	
  a	
  local	
  shop	
  than	
  in	
  a	
  formal	
  healthcare	
  facility.	
  To	
  stem	
  the	
  tide	
  of	
  an-­‐
tibiotic	
  resistance,	
  policymakers	
  look	
  for	
  ways	
  to	
  limit	
  antibiotic	
  use—for	
  example,	
  by	
  enforcing	
  ‘prescrip-­‐

evidence	
  of	
  both	
  overuse	
  and	
  underuse.	
  The	
  evidence	
  for	
  underuse—a	
  lack	
  of	
  access	
  to	
  antibiotics—comes	
  
from	
  the	
  large	
  proportion	
  of	
  deaths	
  from	
  pneumonia	
  during	
  infancy	
  and	
  childhood,	
  which	
  would	
  not	
  occur	
  
if	
  those	
  children	
  were	
  properly	
  treated	
  with	
  antibiotics.	
  

-­‐
tion	
  levels,	
  lack	
  of	
  nearby	
  facilities,	
  and	
  inconsistent	
  presence	
  of	
  both	
  medicines	
  and	
  healthcare	
  workers	
  
also	
  contribute.	
  Would	
  even	
  more	
  people	
  go	
  untreated	
  and	
  die	
  if	
  nonprescription	
  access	
  were	
  cut	
  off?	
  In	
  
Kenya,	
  we	
  do	
  not	
  have	
  the	
  data	
  to	
  answer	
  this	
  question.

Lack	
   of	
   knowledge.	
  Despite	
   national	
   treatment	
   guidelines	
   and	
   other	
   information,	
   knowledge	
   about	
  
antibiotic	
  use	
  is	
  poor	
  among	
  healthcare	
  workers.	
  ARI	
  and	
  diarrhoea	
  management	
  often	
  includes	
  antibiot-­‐
ics,	
  whether	
  needed	
  or	
  not.	
  When	
  antibiotics	
   are	
   indicated,	
   the	
   type,	
  dosage	
  and	
  duration	
  of	
   treatment	
  

hospitals,	
   nearly	
   three-­‐quarters	
  of	
   the	
   antibiotics	
  prescribed	
   for	
  pneumonia	
  were	
   for	
   very	
   severe	
   cases	
  
even	
  though	
  only	
  16	
  percent	
  of	
  recorded	
  admissions	
  fell	
  into	
  this	
  category	
  (English,	
  Esamai	
  et	
  al.	
  2004).	
  In	
  a	
  

the	
  most	
  effective	
  treatments	
  (Ram	
  2008).	
  Misinformation	
  among	
  health	
  workers	
  regarding	
  the	
  antiviral	
  
properties	
  of	
  common	
  antibiotics	
  was	
  also	
  frequent,	
  with	
  73	
  percent	
  of	
  clinicians	
  reporting	
  that	
  antibiotics	
  
kill	
  viruses	
  causing	
  diarrhoea.	
  

Antibiotic Use in Animals
Evidence	
  on	
  antibiotic	
  use	
  in	
  farm	
  animals	
  indicates	
  that	
  these	
  medicines	
  are	
  used	
  primarily	
  (90	
  per-­‐

-­‐
tices	
  as	
  standard	
  disease	
  preventions	
  with	
  disease	
  treatment	
  (Kariuki,	
  Gilks	
  et	
  al.	
  1997).	
  Growth	
  promotion	
  
does	
  not	
  appear	
  to	
  be	
  an	
  important	
  source	
  of	
  antibiotic	
  use	
  in	
  livestock	
  production	
  in	
  Kenya.	
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More	
  than	
  half	
  of	
  the	
  antibiotics	
  used	
  in	
  livestock	
  production	
  are	
  tetracyclines,	
  popular	
  for	
  their	
  broad-­‐
spectrum	
  activity	
  and	
  relative	
  affordability	
   (Mitema,	
  Kikuvi	
  et	
  al.	
  2001).	
  Sulfonamides	
   follow	
  at	
  around	
  
21	
  percent,	
  with	
  aminoglycosides,	
  beta-­‐lactams,	
  quinolones	
  and	
  macrolides	
  constituting	
  the	
  rest.	
  Poultry	
  

may	
  become	
  an	
  important	
  issue	
  as	
  the	
  industry	
  grows.

In	
  Kenya,	
  like	
  most	
  of	
  the	
  African	
  continent,	
  there	
  is	
  no	
  formal	
  system	
  for	
  surveillance	
  of	
  antibiotic	
  re-­‐
sistance	
  in	
  agricultural	
  bacterial	
  isolates.	
  The	
  Department	
  of	
  Veterinary	
  Services	
  does,	
  however,	
  monitor	
  
antibiotic	
  residue	
  in	
  agricultural	
  products.	
  A	
  few	
  studies	
  indicate	
  resistance	
  to	
  tetracycline	
  and	
  sulphon-­‐
amides	
  among	
  chicken	
  and	
  swine	
  bacterial	
  isolates,	
  possibly	
  related	
  to	
  the	
  crowded	
  conditions	
  in	
  which	
  
the	
  animals	
  are	
  housed	
  and	
   the	
  greater	
  potential	
   for	
   the	
  spread	
  of	
  disease.	
  An	
  estimated	
  36	
  percent	
  of	
  
salmonella	
   isolates	
   in	
  pork	
   tissue	
  demonstrated	
  resistance	
   to	
  ampicillin,	
   tetracycline,	
   streptomycin	
  and	
  
chloramphenicol.	
  Although	
  ampicillin,	
  tetracycline	
  and	
  streptomycin	
  are	
  easily	
  available	
  to	
  farmers,	
  chlor-­‐
amphenicol	
  is	
  not	
  approved	
  for	
  use	
  in	
  food	
  animals.	
  Resistance,	
  therefore,	
  may	
  indicate	
  illegal	
  use	
  of	
  the	
  
drug.	
  Patterns	
  of	
  resistant	
   -­‐

per	
  animal	
  compared	
  with	
  larger	
  producers	
  (Shitandi	
  and	
  Sternesjö	
  2004).	
  The	
  prevalence	
  of	
  multidrug	
  
resistance,	
  at	
  34	
  percent	
  on	
  small	
  farms,	
  was	
  likewise	
  almost	
  double	
  the	
  rate	
  found	
  at	
  large	
  farms.

Although	
  laws	
  regulate	
  the	
  use	
  of	
  drugs	
  in	
  animal	
  feed,	
  enforcement	
  and	
  monitoring	
  are	
  inadequate.	
  
The	
  Kenya	
  Veterinary	
  Association	
  recently	
  found	
  that	
  78	
  percent	
  of	
  veterinary	
  medicine	
  outlets	
  are	
  oper-­‐

with	
  the	
  human	
  population,	
   lack	
  of	
  access	
  to	
  professional	
  diagnosis	
  spurs	
  self-­‐medication,	
  with	
  farmers	
  
purchasing	
  antibiotics	
  from	
  retail	
  pharmacies	
  in	
  an	
  environment	
  of	
  limited	
  veterinary	
  services.	
  Reducing	
  
demand	
  through	
  improved	
  sanitation	
  and	
  restricting	
  use	
  to	
  when	
  antibiotics	
  are	
  needed	
  are	
  policy	
  options	
  
that	
  deserve	
  greater	
  exploration.	
  

Efforts to Address Antibiotic Resistance

Kenya	
  has	
  an	
  array	
  of	
  policies	
  that,	
  while	
  not	
  directly	
  aimed	
  at	
  containing	
  antibiotic	
  resistance,	
  have	
  
proven	
  effective	
  at	
  reducing	
  the	
  demand	
  for	
  and	
  associated	
  irrational	
  use	
  of	
  antibiotics	
  in	
  other	
  countries.	
  
They	
   include	
   adoption	
   of	
   the	
  WHO-­‐recommended	
   	
   type	
   b	
   (Hib)	
   and	
   10-­‐valent	
  
pneumococcal	
  conjugate	
  vaccines	
  to	
  prevent	
  frequent	
  causes	
  of	
  pneumonia;	
  the	
  launch	
  of	
  national	
  hospi-­‐

humans	
  and	
  antibiotic	
  residues	
  in	
  livestock.	
  Other	
  facility-­‐based	
  measures,	
  such	
  as	
  professional	
  education	
  
-­‐

oughly	
  evaluated	
  for	
  their	
  effectiveness	
  in	
  Kenya.

Surveillance.	
  National	
  surveillance	
  for	
  antibiotic	
  resistance	
  is	
  a	
  low	
  government	
  priority—lower	
  than	
  
microbiology	
  services	
  for	
  patient	
  care.	
  However,	
  efforts	
  exist	
  within	
  Kenya	
  to	
  provide	
  quality	
  surveillance	
  

-­‐

Programme),	
  and	
  tracking	
  drug	
  resistance,	
  use	
  and	
  MRSA	
  infections	
  at	
  Aga	
  Kahn	
  University	
  Hospital	
  in	
  Nai-­‐
robi.	
  The	
  Department	
  of	
  Veterinary	
  Services	
  monitors	
  antibiotic	
  residue	
  in	
  agricultural	
  products	
  for	
  pur-­‐
poses	
  of	
  food	
  safety,	
  and	
  the	
  Kenya	
  Medical	
  Research	
  Institute	
  started	
  a	
  country-­‐wide	
  surveillance	
  study	
  on	
  
antibiotic	
  resistance	
  rates	
  in	
  poultry.	
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Vaccines	
  and	
  prevention.	
  Vaccines	
  are	
  among	
  the	
  best	
  ways	
  to	
  prevent	
  bacterial	
  disease.	
  In	
  2001,	
  Ke-­‐

dramatically	
  cutting	
   the	
  annual	
   incidence	
  of	
  Hib	
  meningitis	
   from	
  71	
  to	
  8	
  and	
  Hib	
  pneumonia	
   from	
  296	
  

coverage	
  expands	
  for	
  these	
  vaccines,	
  mortality	
  is	
  expected	
  to	
  be	
  cut	
  by	
  half	
  in	
  young	
  children	
  (English	
  and	
  
Scott	
  2008).	
  

Insurance	
  and	
  access.	
  Who	
  pays	
  for	
  healthcare—for	
  antibiotics,	
  for	
  vaccines	
  and	
  for	
  services	
  in	
  gen-­‐

whether	
  to	
  seek	
  formal	
  healthcare,	
  purchase	
  a	
  drug	
  directly,	
  or	
  visit	
  an	
  informal	
  provider.	
  To	
  improve	
  the	
  

eventually	
  to	
  provide	
  universal	
  healthcare,	
  including	
  medicines.	
  An	
  estimated	
  seven	
  percent	
  of	
  the	
  popula-­‐

or	
  expanded	
  membership.	
  

Infection	
  control.	
  
on	
  infection	
  control	
  in	
  December	
  2010.	
  The	
  policy	
  calls	
  prevention	
  and	
  control	
  of	
  infections	
  ‘essential	
  cor-­‐

GARP–Kenya Research

-

two areas not well studied in Kenya:

 
Ecumenical Pharmaceutical Network, Donna Kusemererwa (PI) 

-
sumer were gathered, along with information on the volumes of antibiotics stocked at various 
district hospitals. Researchers also surveyed the knowledge and perceptions of health workers 
in hospitals to inform interventions focused on raising awareness and conducting education cam-
paigns. The results from this study are found in Part IV (Antibiotic Use and Supply Chain). 

-
 

Kenya Medical Research Institute, Centre for Microbiology Research, Samuel Kariuki (PI), and University 
of Nairobi, Patrick Irungu (PI)

 This pilot study lays the groundwork for ongoing surveillance of antimicrobial resistance and use 
Salmonella spp, Campylobacter spp, 

Escherichia coli, and Enterococcus spp isolates collected from healthy livestock and animal products 
found at retail meat outlets. Second, it assessed whether low or high resistance patterns were 
correlated with demographic and behavioural factors of animal husbandry, including the volumes 

III (Burden of Disease and Antibiotic Resistance) and IV (Antibiotic Use and Supply Chain). 
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As	
  part	
  of	
  its	
  vision,	
  the	
  policy	
  intends	
  to	
  respond	
  to	
  resistance	
  by	
  providing	
  guidance	
  to	
  healthcare	
  work-­‐
ers	
  on	
  ensuring	
  the	
  safe	
  management	
  of	
  infectious	
  conditions.	
  Although	
  these	
  guidelines	
  are	
  an	
  important	
  
step	
  towards	
  national	
  recognition	
  of	
  the	
  issue,	
  their	
  ability	
  to	
  lower	
  rates	
  of	
  hospital-­‐acquired	
  infections	
  
and	
  reduce	
  the	
  development	
  of	
  antibiotic	
  resistance	
  is	
  unknown.	
  

Recommendations:  

Resistance

Ideally,	
  new	
  policies	
  would	
  be	
  designed	
  to	
  improve	
  access	
  to	
  antibiotics	
  where	
  it	
  is	
  lacking	
  and	
  where	
  
the	
  drugs	
  might	
  save	
  lives,	
  at	
  the	
  same	
  time	
  curtailing	
  use	
  where	
  these	
  drugs	
  are	
  unnecessary.	
  Unfortunate-­‐
ly,	
   the	
  evidence	
  supporting	
   interventions	
   invariably	
  comes	
  primarily	
  or	
  exclusively	
   from	
  outside	
  Kenya,	
  
and	
  only	
  a	
  small	
  amount	
  from	
  other	
  low-­‐	
  and	
  middle-­‐income	
  countries.	
  As	
  a	
  result,	
  the	
  approaches	
  that	
  
are	
  emphasised	
  generally	
  do	
  not	
  concern	
  improving	
  access.	
  With	
  awareness	
  of	
  potential	
  adverse	
  effects	
  on	
  

	
  Three	
  main	
  approaches	
  are	
  applicable	
  in	
  Kenya:	
  

	
  increased	
  use	
  of	
  vaccines	
  that	
  reduce	
  disease	
  and,	
  therefore,	
  the	
  demand	
  for	
  antibiotics;

	
  improved	
  infection	
  control,	
  including	
  procedures	
  (e.g.,	
  hand	
  hygiene,	
  checklists)	
  and	
  infor-­‐
mation	
  (e.g.,	
  guidelines,	
  feedback),	
  particularly	
  in	
  hospitals;	
  and

	
  education	
  and	
  public	
  awareness	
  campaigns	
  for	
  providers	
  and	
  consumers.

The	
  success	
  of	
  all	
  approaches	
  is	
  dependent	
  on	
  better	
  information	
  from	
  microbiology	
  laboratories,	
  in	
  

standardizing	
  methods	
  must	
  be	
  determined,	
  but	
  without	
  knowing	
  where	
  we	
  are	
  with	
  antibiotic	
  use	
  and	
  
resistance	
  and	
  a	
  way	
  to	
  monitor	
  changes	
  over	
  time	
  and	
  different	
  between	
  places,	
  we	
  will	
  never	
  know	
  what	
  
is	
  and	
  is	
  not	
  working.

Three	
  additional	
  approaches	
  deserve	
  mention	
  though	
  they	
  are	
  not	
  immediately	
  implementable.	
  They	
  
are:	
  

	
  Increased	
  use	
  of	
  (and	
  improved)	
  diagnostics,	
  to	
  better	
  target	
  antibiotic	
  use,

	
  

	
  Developing	
  economic	
  incentives	
  (which	
  may	
  involve	
  subsidies)	
  to	
  encourage	
  better	
  use	
  of	
  
antibiotics

In	
  March	
  2011,	
  the	
  Global	
  Antibiotic	
  Resistance	
  Partnership	
  (GARP)–Kenya	
  Working	
  Group,	
  in	
  collabo-­‐
ration	
  with	
   the	
  Center	
   for	
  Disease	
  Dynamics,	
  Economics	
  &	
  Policy	
   (CDDEP),	
   convened	
  a	
  policy	
  develop-­‐
ment	
  workshop	
  to	
  identify	
  ways	
  stakeholders	
  across	
  diverse	
  sectors	
  and	
  specialties	
  could	
  respond	
  to	
  the	
  
emergence	
  of	
  antibiotic	
  resistance.	
  The	
  summary	
  table	
  (Table	
  1)	
  outlines	
  the	
  policy	
  actions	
  discussed,	
  their	
  

-­‐
dations	
  as	
  necessary	
  will	
  be	
  an	
  important	
  aspect	
  of	
  the	
  next	
  phase	
  of	
  the	
  GARP–Kenya	
  agenda.	
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Focus Areas

In	
  addition	
  to	
  producing	
  necessary	
  information	
  on	
  which	
  to	
  proceed,	
  the	
  recommendations	
  are	
  aimed	
  
at	
  reducing	
  the	
  need	
  for	
  antibiotics	
  and	
  better	
  targeting	
  of	
  antibiotics.	
  Both	
  approaches	
  should	
  lower	
  overall	
  

	
  surveillance	
  and	
  monitoring,

	
  training	
  and	
  education,

	
  vaccination,

	
  quality	
  control	
  and	
  supply	
  chain	
  improvements	
  and

	
  veterinary	
  use	
  of	
  antibiotics.

Surveillance	
   and	
  Performance	
  Monitoring.	
   Although	
   antibiotic	
   resistance	
   surveillance	
   and	
   perfor-­‐
mance	
  monitoring	
  do	
  not	
  themselves	
  produce	
  change,	
  without	
  knowing	
  the	
  levels	
  or	
  trends	
  of	
  antibiotic	
  
resistance	
  or	
  how	
  key	
  actors	
  are	
  performing,	
  it	
  is	
  impossible	
  to	
  make	
  rational	
  recommendations	
  or	
  monitor	
  

within	
  the	
  country	
  and	
  between	
  pathogens.	
  This	
  is	
  particularly	
  worrying	
  in	
  countries	
  like	
  Kenya,	
  where	
  the	
  
majority	
  of	
  infectious	
  diseases	
  are	
  empirically	
  diagnosed	
  and	
  patient	
  management	
  often	
  depends	
  on	
  early,	
  
appropriate	
  antibiotic	
  administration.	
  

Surveillance	
  of	
  antibiotic	
  use	
  (including	
  indications)	
  and	
  of	
  antibiotic	
  resistance	
  is	
  recommend-­
ed.	
  Models	
  that	
  could	
  be	
  adapted	
  for	
  Kenya	
  are	
  available	
  and	
  should	
  be	
  considered.

Training	
  and	
  Education.	
  Training	
  and	
  education	
  can	
  target	
  healthcare	
  staff	
  at	
  hospitals	
  and	
  dispensa-­‐
ries,	
  clinicians	
  and	
  other	
  prescribing	
  health	
  workers,	
  and	
  chemists	
  and	
  workers	
  in	
  private	
  pharmacies,	
  all	
  
of	
  who	
  can	
  be	
  sources	
  of	
  health	
  advice	
  and	
  treatment.	
  These	
  groups	
  receive	
  varying	
  amounts	
  of	
  information	
  
on	
  antibiotic	
  use	
  and	
  resistance.

lists	
  (EMLs)	
  in	
  Kenya	
  is	
  cited	
  as	
  a	
  model	
  example,	
  up-­‐to-­‐date	
  guideline	
  revisions	
  are	
  poorly	
  communicated	
  
and	
  the	
  documents	
  are	
  hard	
  to	
  access	
  within	
  facilities.	
  When	
  coupled	
  with	
  educational	
  interventions,	
  how-­‐
ever,	
  guidelines	
  can	
  improve	
  prescribing.

Vaccination.	
   -­‐
able	
  illnesses	
  such	
  as	
  pneumonia	
  and	
  diarrhoea.	
  The	
  primary	
  causes	
  of	
  most	
  cases	
  of	
  these	
  diseases—pneu-­‐
mococcus,	
   	
  type	
  B	
  (Hib)	
  and	
  rotavirus—are	
  now	
  preventable	
  through	
  vaccination.	
  

vaccination	
  can	
  also	
  decrease	
  the	
  use	
  of	
  antibiotics	
  by	
  reducing	
  the	
  need	
  for	
  them.	
  In	
  some	
  cases,	
  such	
  as	
  
acute	
  diarrhoea,	
  vaccines	
  may	
  reduce	
  unnecessary	
  and	
  inappropriate	
  antibiotic	
  use.	
  A	
  major	
  constraint	
  to	
  

-­‐
biotic	
  use	
  or	
  resistance.

Continued	
  emphasis	
  on	
  adding	
  vaccines	
  and	
  improving	
  coverage	
  are	
  recommended.	
  Strategies	
  
for	
  this	
  are	
  well	
  established,	
  as	
  are	
  the	
  challenges.	
  

Quality	
  Control	
  and	
  Supply	
  Chain	
  Improvements.	
  The	
  problem	
  of	
  antibiotic	
  resistance	
  cannot	
  be	
  ad-­‐
dressed	
  through	
  interventions	
  aimed	
  solely	
  at	
  reducing	
  antibiotic	
  use.	
   In	
  countries	
  where	
  the	
  burden	
  of	
  
infectious	
  diseases	
  remains	
  high	
  and	
  barriers	
  to	
  treatment	
  are	
  common,	
  ensuring	
  greater	
  access	
  to	
  effective	
  
antibiotics	
  is	
  important.	
  Most	
  people	
  who	
  lack	
  access	
  to	
  antibiotics	
  are	
  struggling	
  with	
  extreme	
  poverty	
  or	
  
living	
  in	
  remote	
  areas	
  and	
  may	
  face	
  the	
  highest	
  burden	
  of	
  infectious	
  disease.	
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The	
  prevalence	
  of	
  substandard	
  antibiotics	
  in	
  Kenya	
  is	
  unknown,	
  yet	
  the	
  issue	
  of	
  poor-­‐quality	
  medicines	
  
is	
  widely	
  discussed	
  in	
  the	
  media	
  and	
  inside	
  government	
  ministries.	
  Poor-­‐quality	
  manufacturing,	
  packaging,	
  

hands.

Kenya	
  essential	
  drugs	
  list	
  are	
  absent	
  or	
  in	
  short	
  supply	
  in	
  dispensaries	
  and	
  hospitals.	
  

Each	
  of	
  these	
  problems	
  has	
  been	
  addressed	
  successfully	
  in	
  other	
  low-­resource	
  settings,	
  and	
  be-­
ginning	
  this	
  process	
  is	
  recommended	
  for	
  Kenya.

Reducing	
  Veterinary	
  Use	
  of	
  Antibiotics.	
  Animals	
  require	
  antibiotics	
   for	
   treatment	
  of	
   infections,	
  but	
  
antibiotics	
  are	
  widely	
  used	
  in	
  low	
  doses	
  as	
  growth	
  promoters	
  and	
  for	
  disease	
  prophylaxis.	
  In	
  Europe,	
  it	
  has	
  
been	
  demonstrated	
  that	
  much	
  of	
  this	
  use	
  can	
  be	
  avoided	
  without	
  harming	
  animal	
  or	
  human	
  health.	
  The	
  
particular	
  actions	
  have	
  been	
  to	
  outlaw	
  the	
  use	
  of	
  antibiotics	
  for	
  growth	
  promotion,	
  to	
  prohibit	
  the	
  use	
  in	
  
animals	
  of	
  antibiotics	
  of	
  particular	
  importance	
  to	
  human	
  health	
  and	
  to	
  limit	
  antibiotic	
  residues	
  permitted	
  
in	
  food.	
  Since	
  2010,	
  the	
  Kenyan	
  government	
  has	
  prohibited	
  the	
  use	
  of	
  chloramphenicol	
  and	
  nitrofurans	
  in	
  
food-­‐producing	
  animals,	
  including	
  for	
  use	
  in	
  growth	
  promotion	
  but	
  little	
  is	
  known	
  about	
  how	
  effective	
  this	
  
ban	
  has	
  been.

As	
  with	
  human,	
  increased	
  adoption	
  and	
  coverage	
  with	
  appropriate	
  animal	
  vaccines	
  is	
  also	
  important	
  
and	
  a	
  strategy	
  welcomed	
  by	
  Kenyan	
  farmers.	
  

Additional	
   Strategies.	
   Three	
   additional	
   strategies	
   would	
   support	
   the	
   four	
   critical	
   areas	
   described	
  
above—monitoring	
  and	
  surveillance,	
  training	
  and	
  education,	
  vaccination,	
  and	
  quality	
  control	
  and	
  supply	
  
chain	
  improvements—but	
  require	
  further	
  development	
  and	
  detail	
  before	
  being	
  recommended.	
  All	
  may	
  be	
  
addressed	
  in	
  the	
  next	
  phase	
  of	
  GARP.

	
  improved	
  microbiology	
  services	
  and	
  rapid	
  diagnostic	
  testing;

	
  chemist	
  accreditation;	
  and

	
  stronger	
  medicine	
  and	
  therapeutic	
  committees	
  in	
  hospitals.

Summary Table of Policy Options
Addressing	
   antibiotic	
   resistance	
   requires	
   action	
   by	
   hospitals,	
   the	
   community,	
   livestock	
   producers,	
  

health	
  workers	
  and	
  the	
  government.	
  The	
  table	
  below	
  presents	
  the	
  major	
  action	
  items	
  recommended	
  by	
  
the	
  GARP–Kenya	
  Working	
  Group	
  and	
  additional	
  stakeholders.	
  These	
  will	
  be	
  taken	
  up	
  in	
  the	
  next	
  phase	
  of	
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