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ABSTRACT  
	  

Introduction:	  Rotavirus	  vaccine	  was	  introduced	  in	  Nicaragua	  in	  2006	  and	  was	  
recommended	  with	  upper	  age	  limits	  for	  completing	  the	  first	  dose	  (by	  age	  105	  days)	  and	  
the	  final	  dose	  (by	  age	  223	  days)	  for	  the	  three	  dose	  series	  to	  minimize	  age	  specific	  risk	  of	  
intussusception	  following	  rotavirus	  vaccination.	  Several	  years	  after	  introduction,	  
estimated	  coverage	  with	  rotavirus	  vaccine	  was	  lower	  compared	  to	  coverage	  for	  other	  
recommended	  childhood	  immunizations.	  	  

	  

Methods:	  This	  was	  a	  retrospective	  cohort	  study	  which	  analyzed	  data	  from	  a	  previously	  
conducted	  vaccine	  effectiveness	  study	  in	  Nicaragua	  from	  2006	  to	  2010.	  It	  examined	  
trends	  in	  adherence	  to	  the	  upper	  age	  limit	  restriction	  (of	  105	  and	  223	  days)	  for	  
administration	  of	  rotavirus	  vaccine	  in	  children	  under	  5	  years	  of	  age	  in	  Nicaragua.	  Logistic	  
regression	  was	  used	  to	  estimate	  an	  odds	  ratio	  (OR)	  of	  receiving	  rotavirus	  vaccine	  after	  
the	  age	  limit,	  among	  children	  presenting	  to	  the	  clinic	  after	  the	  age	  limit.	  Multivariate	  
models	  were	  constructed	  to	  identify	  other	  factors	  (apart	  from	  the	  age	  restriction)	  that	  
are	  associated	  with	  the	  receipt	  of	  rotavirus	  vaccine	  after	  each	  age	  limit.	  	  

	  

Results:	  Among	  children	  receiving	  their	  1st	  dose	  of	  pentavalent	  vaccine	  after	  the	  age	  
limit	  of	  105	  days,	  the	  likelihood	  of	  simultaneously	  receiving	  rotavirus	  vaccine	  was	  
decreased	  by	  90	  %	  (O.R	  =	  0.1	  (95%CI:	  0.08,	  0.16))	  compared	  to	  children	  receiving	  their	  
rotavirus	  vaccine	  before	  the	  age	  limit,	  as	  shown	  in	  Table	  4.	  This	  pattern	  for	  dose	  1	  
remained	  consistent	  over	  time.	  Among	  children	  receiving	  their	  3rd	  dose	  of	  pentavalent	  
vaccine	  after	  the	  age	  limit	  of	  223	  days,	  the	  likelihood	  of	  simultaneously	  receiving	  
rotavirus	  vaccine	  was	  decreased	  by	  40%	  (O.R	  =	  0.6	  (95%CI:	  0.2,	  0.8))	  in	  2006,	  30	  %	  (O.R	  
=	  0.7	  (95%	  CI:	  0.3,	  0.4))	  in	  2007,	  10	  %	  (O.R	  =	  0.9	  (95%	  CI:	  0.7,	  1.2)	  in	  2008	  and	  (O.R	  =	  3.8	  
(95%CI:	  1.9,	  7.2))	  in	  2009	  compared	  to	  children	  receiving	  pentavalent	  vaccine	  before	  the	  
age	  limit	  as	  shown	  in	  Table	  4.	  For	  doses	  1	  and	  3,	  among	  children	  receiving	  pentavalent	  
vaccine	  after	  the	  respective	  age	  limits,	  the	  odds	  of	  receiving	  rotavirus	  vaccine	  was	  
higher	  in	  other	  cities	  when	  compared	  to	  Managua.	  For	  dose	  3	  alone,	  maternal	  education	  
was	  found	  to	  be	  positively	  associated	  with	  receiving	  rotavirus	  vaccine	  after	  the	  age	  limit	  
of	  223	  days	  of	  age,	  and	  children	  diagnosed	  with	  pneumonia	  had	  a	  reduced	  likelihood	  of	  
receiving	  this	  vaccine.	  	  

	  

Conclusions:	  This	  study	  found	  that	  age	  restrictions	  was	  associated	  with	  limited	  rotavirus	  
coverage.	  	  The	  adherence	  to	  such	  restrictions,	  especially	  the	  third	  dose,	  waned	  over	  
time,	  suggesting	  that	  physicians	  may	  have	  shown	  increased	  interest	  in	  assuring	  full	  
rotavirus	  immunization,	  as	  experience	  with	  using	  the	  vaccine	  progressed	  over	  time.	  	  
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1.  INTRODUCTION  
	  

1.1  Discovery  
	  

Rotavirus	  was	  first	  discovered	  in	  1973	  when	  Ruth	  Bishop,	  et	  al.	  studied	  intestinal	  

biopsies	  of	  children	  with	  acute	  gastroenteritis	  (AGE)	  via	  electron	  microscopy	  (1).	  Virus	  

particles	  found	  in	  stool	  were	  given	  the	  name	  “rotavirus’’	  because	  the	  particle	  resembled	  

a	  wheel	  (Latin:	  rota)	  when	  visualized	  in	  an	  electron	  microscope	  (2).	  Rotavirus	  was	  later	  

observed	  to	  be	  responsible	  for	  a	  substantial	  proportion	  of	  cases	  of	  acute	  gastroenteritis	  

among	  children	  below	  5	  years	  of	  age,	  globally,	  and	  are	  disproportionately	  represented	  

as	  a	  particular	  cause	  of	  moderate	  to	  severe	  gastroenteritis	  (6).	  	  

	  

1.2  Epidemiology  
	  

Before	  vaccine	  introduction,	  Rotavirus-‐related	  diarrhea	  was	  estimated	  to	  cause	  

453,000	  deaths	  annually	  worldwide	  in	  children	  younger	  than	  5	  years	  (3).	  It	  is	  estimated	  

that	  more	  than	  90%	  of	  these	  deaths	  occur	  in	  low-‐income	  countries	  in	  Africa	  and	  Asia	  (4).	  

Rotavirus,	  the	  most	  common	  cause	  of	  severe	  diarrhea,	  accounts	  for	  30	  %	  of	  all	  diarrheal	  

disease	  cases	  and	  5%	  of	  all	  deaths	  in	  this	  age	  group	  (5).	  The	  Global	  Enteric	  Multicenter	  

Study	  (GEMS)	  across	  several	  countries	  in	  Africa	  and	  south	  Asia,	  found	  that	  rotavirus	  was	  

the	  leading	  cause	  of	  diarrhea	  when	  compared	  with	  other	  enteric	  pathogens.	  In	  the	  first	  

year	  of	  life	  it	  was	  reported	  to	  have	  an	  incidence	  of	  8	  cases	  per	  100	  child	  years	  and	  4	  

cases	  per	  100	  child	  years	  among	  children	  1	  to	  2	  years	  of	  age	  (6).	  Rotavirus	  disease	  leads	  
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to	  around	  114	  million	  episodes	  of	  gastroenteritis	  requiring	  only	  home	  care,	  24	  million	  

clinic	  visits,	  and	  2.4	  million	  hospitalizations	  (3,	  7-‐11).	  It	  is	  estimated	  that	  each	  child	  is	  

normally	  infected	  at	  least	  once	  by	  the	  age	  of	  2	  years	  (12).	  In	  temperate	  climates	  there	  

are	  distinct	  winter	  and	  spring	  seasonal	  peaks	  of	  rotavirus	  disease.	  In	  tropical	  climates,	  

rotavirus	  circulates	  year-‐round	  but	  frequently	  has	  peaks	  during	  the	  cool	  or	  dry	  months	  

(13).	  

	  

1.3  Transmission  
	  

The	  main	  form	  of	  transmission	  is	  through	  the	  fecal-‐oral	  route	  (contaminated	  

water	  or	  contaminated	  fomites)	  (14).	  The	  viral	  shedding	  load	  is	  around	  1010	  per	  gram	  of	  

feces	  and	  fewer	  than	  100	  particles	  are	  needed	  to	  infect	  new	  contacts	  (15).	  The	  risk	  of	  

spreading	  the	  disease	  can	  be	  mitigated	  by	  adequate	  hygiene	  and	  use	  of	  disinfectants	  

which	  inactivated	  the	  virus.	  	  

	  

1.4  Clinical  disease  and  treatment  
	  

The	  incubation	  period	  for	  rotavirus	  is	  approximately	  1	  to	  3	  days	  with	  an	  abrupt	  

onset	  comprising	  of	  fever,	  vomiting	  and	  explosive	  watery	  diarrhea	  (16,	  17).	  Disease	  

usually	  subsides	  after	  8	  days.	  Complications	  and	  death	  are	  due	  to	  dehydration,	  

electrolyte	  imbalance	  and	  acidosis	  (17).	  	  	  
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Rotavirus	  infection	  cannot	  be	  reliably	  diagnosed	  by	  clinical	  presentation	  and	  

stool	  examination.	  Rapid	  test	  kits	  using	  the	  principle	  of	  Enzyme	  immunoassay	  –	  based	  

and	  latex	  agglutination	  tests	  are	  available	  commercially	  and	  Reverse	  Transcription	  (RT-‐

PCR)	  are	  used	  to	  detect	  viral	  loads	  (12,	  18).	  Treatment	  is	  largely	  supportive	  and	  includes	  

nonspecific	  methods,	  such	  as	  rehydration	  therapy	  for	  replacement	  of	  body	  fluids	  and	  

electrolytes	  (19).	  

The	  high	  disease	  burden	  and	  lack	  of	  antivirals	  urged	  the	  development	  of	  three	  

efficacious	  and	  safe	  rotavirus	  vaccines	  (20-‐26).	  These	  vaccines	  are	  orally	  administered	  

within	  the	  first	  6	  months	  of	  life.	  Until	  recent	  years,	  vaccines	  have	  been	  available	  only	  in	  

developed	  countries	  but	  are	  now	  gradually	  making	  their	  way	  into	  the	  National	  

Immunization	  programs	  of	  various	  developing	  countries.	  

These	  vaccines	  are:	  Rotarix	  (GlaxoSmithKline	  Biologicals,	  Rixensart,	  Belgium)	  and	  

RotaTeq	  (Merck	  Vaccines,	  Whitehouse	  Station,	  NJ,	  USA)	  and	  Rotavac	  (Bharat	  Biotech,	  

Hyderabad,	  India).	  Rotarix	  (GSK)	  is	  a	  monovalent	  live	  attenuated	  human	  rotavirus	  strain	  

given	  as	  two	  doses,	  RotaTeq	  (Merck)	  is	  a	  pentavalent	  bovine	  derived	  rotavirus	  strain	  

given	  as	  three	  doses	  and	  Rotavac	  (Bharat	  Biotech)	  is	  a	  live	  naturally	  attenuated	  human	  

rotavirus	  strain	  given	  as	  three	  doses	  (20,	  24,	  25).	  These	  vaccines	  enter	  the	  gut	  and	  due	  

to	  attenuation	  have	  a	  limited	  number	  of	  replication	  cycles	  conferring	  immunity	  in	  the	  

form	  of	  IgA	  antibodies.	  The	  immunity	  it	  develops	  is	  robust	  and	  lasts	  for	  2	  years	  with	  

some	  evidence	  of	  it	  waning	  (20,	  24,	  27).	  	  
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In	  October	  2006,	  Nicaragua	  introduced	  the	  3-‐dose	  Rotateq	  vaccine	  series	  with	  

recommended	  administration	  at	  2,	  4	  and	  6	  months	  of	  age.	  This	  was	  recommended	  to	  be	  

concurrently	  given	  with	  injected	  pentavalent	  vaccine	  (diphtheria-‐tetanus-‐pertussis-‐

hepatitis	  B-‐Haemophilus	  influenzae	  type	  b	  [Hib])	  and	  oral	  Polio	  vaccine	  (14).	  	  

	  

1.5  Immunization  recommendations  
	  

As	  Nicaragua	  was	  classified	  as	  a	  low-‐income	  country,	  it	  was	  GAVI	  (The	  Global	  

Alliance	  for	  Vaccines	  and	  Immunizations)	  eligible	  to	  introduce	  rotavirus	  vaccine	  into	  the	  

national	  immunization	  program	  in	  2006.	  Dataset	  from	  a	  rotavirus	  vaccine	  effectiveness	  

study	  conducted	  in	  Nicaragua	  from	  2006	  to	  2010	  was	  analyzed	  to	  explore	  trends	  in	  

rotavirus	  vaccine	  coverage	  and	  adherence	  to	  the	  upper	  age	  limit	  restriction.	  	  
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2.  BACKGROUND  
	  

2.1  Vaccine  effectiveness  
	  

Vaccine	  effectiveness,	  which	  is	  often	  confused	  with	  vaccine	  efficacy,	  should	  be	  

viewed	  as	  the	  ‘real	  world’	  view	  of	  how	  a	  vaccine	  whereas	  vaccine	  efficacy	  quantifies	  this	  

reduction	  in	  controlled	  settings	  and	  may	  prove	  to	  have	  a	  higher	  reduction	  of	  disease	  in	  a	  	  

population	  (28).	  	  

The	  currently	  licensed	  vaccines	  have	  shown	  moderate	  efficacy	  (50%	  –	  60%)	  in	  

South	  Africa,	  Malawi,	  Kenya,	  Ghana,	  and	  India.	  High	  efficacy	  (75	  –	  90	  %)	  was	  found	  in	  

America	  and	  Finland	  (20,	  24,	  27,	  29,	  30).	  Effectiveness	  studies	  of	  rotavirus	  vaccine	  have	  

also	  shown	  highly	  varying	  results	  throughout	  the	  world,	  ranging	  from	  50	  –	  75%	  

effectiveness	  in	  preventing	  severe	  rotavirus	  gastroenteritis	  (31-‐36).	  A	  study	  in	  4	  Latin	  

American	  countries	  showed	  that	  vaccine	  effectiveness	  against	  rotavirus-‐related	  

hospitalizations	  was	  the	  lowest	  (46%)	  in	  Nicaragua	  (37).	  The	  vaccine	  was	  shown	  to	  be	  

least	  effective	  in	  low-‐income	  countries,	  which	  may	  be	  explained	  by	  malnutrition,	  poor	  

sanitation,	  competing	  pathogens	  in	  those	  settings.	  Nonetheless,	  one	  study	  found	  that	  

the	  introduction	  of	  rotavirus	  vaccine	  in	  Nicaragua	  led	  to	  a	  reduction	  in	  diarrheal	  

episodes	  (incidence	  rate	  ratios:	  0.85,	  0.71-‐1.02)	  (38).	  	  	  

Globally,	  it	  is	  estimated	  that	  2.4	  million	  rotavirus	  related	  deaths	  and	  more	  than	  

82	  million	  disability-‐adjusted	  life	  years	  (DALYs)	  in	  64	  of	  the	  72	  GAVI-‐eligible	  countries	  

would	  be	  prevented	  as	  a	  result	  of	  the	  introduction	  of	  rotavirus	  vaccine	  from	  2007	  
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through	  2025.	  Hence,	  introduction	  of	  rotavirus	  vaccines	  into	  the	  world’s	  poorest	  

countries	  is	  thought	  to	  be	  very	  cost-‐effective	  and	  estimated	  to	  substantially	  reduce	  

mortality	  in	  children	  (39).	  	  

2.2  Risk  of  intussusception  
	  

	   Rotashield,	  the	  first	  ever	  licensed	  rotavirus	  vaccine	  was	  withdrawn	  from	  the	  

market	  in	  2000	  due	  to	  evidence	  supporting	  the	  association	  with	  a	  condition	  known	  as	  

intussusception	  (peak	  onset	  3-‐4	  months	  of	  age).	  This	  condition	  is	  characterized	  by	  the	  

telescoping	  of	  one	  part	  of	  the	  small	  intestine	  into	  an	  adjacent	  part,	  leading	  to	  bowel	  

obstruction.	  Complications	  include	  bowel	  ischemia	  and	  death,	  and	  resolution	  of	  the	  

condition	  often	  requires	  surgical	  intervention	  in	  infants.	  The	  incidence	  of	  

intussusception	  with	  Rotashield	  was	  estimated	  to	  be	  1	  case	  per	  every	  10,000	  

vaccinations	  (26,	  40-‐42).	  Even	  though	  current	  vaccines	  have	  shown	  a	  much	  lower	  risk,	  

this	  led	  the	  scientific	  community	  to	  consider	  options	  to	  limit	  the	  age	  at	  which	  children	  

were	  administered	  with	  the	  vaccine.	  	  	  

	  

2.3  Upper  age  limit  restrictions  
	  

Due	  to	  previous	  concerns	  about	  intussusception,	  in	  2006	  when	  newer	  rotavirus	  

vaccines	  were	  introduced,	  the	  WHO-‐SAGE	  (Strategic	  Advisory	  Group	  of	  Experts)	  	  

recommended	  upper	  age	  limits	  of	  15	  weeks	  of	  age	  for	  the	  first	  dose	  and	  8	  months	  of	  

age	  for	  completion	  of	  the	  final	  dose	  in	  the	  series	  (43).	  In	  the	  Americas,	  the	  Pan	  American	  

Health	  Organization	  (PAHO)	  Technical	  Advisory	  Group	  on	  vaccine-‐preventable	  diseases,	  
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recommended	  compliance	  with	  the	  age	  restriction	  of	  administering	  rotavirus	  vaccine.	  	  

However,	  later	  administration	  (up	  to	  one	  year	  of	  age)	  of	  rotavirus	  vaccine	  was	  

considered	  to	  be	  justified	  in	  regions	  with	  high	  mortality	  due	  to	  rotavirus	  infections	  (44).	  

These	  recommendations	  made	  rotavirus	  vaccines	  the	  only	  vaccines	  in	  immunization	  

program	  schedule	  with	  an	  upper	  age	  limit	  for	  administration	  (10).	  	  

The	  coverage	  of	  rotavirus	  vaccine	  is	  generally	  lower	  than	  that	  of	  co-‐administered	  

vaccines	  (14,	  45-‐47).	  Recent	  literature	  has	  shown	  that	  the	  lower	  coverage	  rates	  were	  

attributable	  to	  the	  recommended	  age	  restrictions	  (45,	  46).	  Patel	  et	  al,	  showed	  that	  in	  

low	  income	  countries,	  a	  restricted	  schedule	  would	  prevent	  155,800	  deaths	  related	  to	  

rotavirus	  while	  causing	  253	  intussusception	  deaths.	  In	  contrast,	  vaccinations	  without	  

this	  age	  restriction	  would	  prevent	  203,000	  deaths	  related	  to	  rotavirus	  and	  potentially	  

cause	  547	  intussusception	  deaths.	  Thus,	  removing	  the	  age	  restriction	  would	  increase	  

rotavirus	  vaccine	  coverage	  and	  result	  in	  a	  benefit:	  risk	  ratio	  of	  150	  child	  deaths	  averted	  

for	  every	  one	  vaccine-‐related	  death	  due	  to	  intussusception	  (48).	  In	  2012,	  the	  WHO	  

revised	  their	  recommendation	  to	  co-‐administer	  the	  rotavirus	  vaccine	  along	  with	  

pentavalent	  and	  polio	  vaccines	  regardless	  of	  age	  (49).	  	  
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3.  METHODS  
	  

3.1  Aims  
	  

These	  are	  the	  following	  research	  questions.	  	  

	  

1. To	  examine	  trends	  in	  adherence	  to	  the	  upper	  age	  limit	  restriction	  (of	  105	  and	  

223	  days)	  for	  administration	  of	  rotavirus	  vaccination	  in	  children	  under	  5	  years	  of	  

age	  in	  Nicaragua	  in	  the	  period	  after	  the	  WHO	  recommended	  this	  age	  restriction.	  

	  

2. To	  identify	  factors	  that	  were	  associated	  with	  the	  administration	  of	  rotavirus	  

vaccine	  after	  the	  age	  limit.	  

	  

3.2  Data  sources  
	  

This	  is	  a	  retrospective	  cohort	  design	  and	  secondary	  analysis	  of	  a	  de-‐

identified	  dataset	  from	  a	  Rotateq	  vaccine	  effectiveness	  case-‐control	  study	  in	  

Nicaragua	  conducted	  from	  2006	  -‐	  2010.	  The	  study	  was	  a	  joint	  collaboration	  

between	  the	  Ministry	  of	  Health	  Department,	  Nicaragua	  and	  the	  Centers	  for	  

Disease	  Control	  and	  Prevention,	  (CDC),	  USA	  –	  Division	  of	  Viral	  Diseases.	  The	  

subjects	  for	  this	  study	  were	  the	  ‘control’	  subjects	  in	  the	  joint	  study.	  	  
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3.3  Subject  selection  and  Inclusion  criteria  
	  

The	  study	  was	  conducted	  in	  four	  regional	  sites	  in	  Nicaragua:	  Managua,	  

Matagalpa,	  Masaya	  and	  Carazo.	  Subjects	  for	  this	  study	  had	  to	  be	  control	  subjects	  for	  the	  

original	  CDC/Nicaragua	  study,	  born	  within	  30	  days	  of	  the	  case	  patients	  in	  the	  original	  

study	  (age	  matched),	  and	  had	  to	  have	  been	  age	  eligible	  to	  receive	  their	  1st	  dose	  of	  

Rotateq.	  They	  were	  sourced	  from	  the	  case	  patient’s	  neighborhood	  or	  hospital.	  

Neighborhood	  controls	  had	  to	  live	  in	  the	  same	  neighborhood	  as	  the	  case	  patient.	  

Hospital	  controls	  had	  to	  be	  admitted	  to	  the	  same	  hospital,	  as	  close	  to	  the	  time	  of	  the	  

case	  patient	  and	  may	  have	  presented	  with	  any	  condition	  provided	  that	  they	  were	  

rotavirus	  test	  negative.	  	  

For	  the	  purpose	  of	  these	  analyses,	  case	  patients	  were	  excluded	  as	  they	  would	  

have	  had	  a	  lower	  likelihood	  to	  be	  vaccinated	  with	  rotavirus	  and	  would	  not	  serve	  as	  an	  

appropriate	  representation	  of	  the	  population	  of	  children	  in	  Nicaragua.	  Hence,	  data	  from	  

children	  who	  were	  enrolled	  as	  controls	  was	  analyzed.	  	  

	  

3.4  Exclusion  criteria  
	   	  

	   For	  this	  study,	  children	  were	  excluded	  if	  they	  met	  the	  following	  criteria:	  

	  

1. Unavailable	  information	  regarding	  administration	  of	  vaccination	  from	  either	  

vaccine	  cards	  or	  medical	  records.	  	  

2.	  	   Child	  did	  not	  receive	  their	  1st	  dose	  of	  pentavalent	  vaccine.	  	  
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3.	   Child	  was	  age	  ineligible	  to	  receive	  their	  3rd	  dose	  of	  rotavirus	  vaccine	  at	  the	  time	  

of	  enrolment.	  

	  

3.6  Statistical  analysis  
	  

Descriptive	  characteristics	  for	  continuous	  variables	  were	  presented	  with	  their	  

means	  (SD)	  or	  medians	  (quartiles).	  Continuous	  variables	  were	  presented	  as	  numbers	  

(percentages).	  The	  cohort	  was	  stratified	  into	  four	  time	  periods	  depending	  on	  the	  year	  of	  

birth	  of	  the	  child.	  Children	  born	  in	  2010	  (n=	  279)	  were	  pooled	  with	  the	  2009	  (n=1,	  452)	  

cohort	  due	  to	  low	  sample	  size.	  

Aim	  1	  was	  to	  examine	  trends	  in	  adherence	  to	  the	  upper	  age	  limit	  restriction	  (of	  

105	  and	  223	  days)	  for	  administration	  of	  rotavirus	  vaccination	  in	  children	  under	  5	  years	  

of	  age	  in	  Nicaragua.	  Logistic	  regression	  (univariate)	  models	  were	  used	  to	  estimate	  crude	  

odds	  ratios	  (O.R)	  for	  receiving	  rotavirus	  vaccination,	  among	  children	  receiving	  

pentavalent	  vaccine	  after	  the	  age	  limit	  of	  (105	  days	  and	  223	  days)	  for	  dose	  1	  and	  dose	  3,	  

respectively.	  These	  ORs	  were	  estimated	  separately	  for	  each	  cohort	  from	  2006	  to	  2009.	  

The	  outcome	  for	  these	  models	  was	  receipt	  of	  a	  rotavirus	  vaccination	  for	  dose	  1	  and	  

dose	  3.	  	  

Aim	  2	  was	  to	  identify	  factors	  that	  were	  associated	  with	  the	  receipt	  of	  rotavirus	  

vaccine	  after	  the	  age	  limit.	  Logistic	  regression	  (multivariate)	  models	  were	  further	  

adjusted	  for	  additional	  covariates	  to	  estimate	  an	  odds	  ratio	  (O.R)	  of	  receiving	  rotavirus	  

vaccination,	  among	  children	  receiving	  pentavalent	  vaccine	  after	  the	  age	  limit	  of	  (105	  
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days	  and	  223	  days)	  for	  dose	  1	  and	  dose	  3,	  respectively,	  for	  the	  entire	  cohort.	  Potential	  

confounders	  and	  other	  covariates	  were	  controlled	  for,	  where	  appropriate,	  based	  on	  a	  

conceptual	  framework.	  Associations	  were	  presented	  as	  odds	  ratios	  (O.R)	  or	  adjusted	  O.R	  

with	  their	  95%	  Confidence	  Intervals.	  Statistical	  significance	  was	  set	  at	  an	  a	  priori	  p-‐value	  

of	  <0.05.	  SAS	  version	  9.4	  (SAS	  Institute,	  Cary,	  N.C,	  USA)	  was	  used	  for	  statistical	  analysis.	  	  

	  

3.5  Study  Variables  
	  

Key	  variables	  for	  this	  research	  were	  the	  receipt	  and	  date	  of	  vaccination	  

(rotavirus	  and	  pentavalent)	  as	  confirmed	  by	  medical	  record	  or	  by	  vaccine	  cards.	  Receipt	  

of	  rotavirus	  vaccine	  was	  the	  outcome	  variable	  and	  age	  at	  time	  of	  receipt	  of	  pentavalent	  

vaccine	  was	  the	  response	  variable.	  Covariates	  were	  obtained	  from	  a	  maternal	  interview	  

at	  the	  time	  of	  enrolment.	  	  Child	  related	  variables	  consisted	  of	  date	  of	  birth,	  gender,	  and	  

medical	  history	  (history	  of	  premature	  birth,	  duration	  of	  breastfeeding,	  chronic	  

conditions,	  birth	  weight	  and	  history	  of	  HIV.	  Socioeconomic	  variables	  included	  education	  

level	  of	  the	  mother,	  household	  size,	  mode	  of	  transportation	  and	  household	  possession	  

of	  radio,	  television,	  computer	  and	  refrigerator.	  Demographic	  variables	  included	  

maternal	  marital	  status	  and	  area	  of	  residence.	  	  
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4.  RESULTS  
	  

Table	   1	   describes	   the	   characteristics	   of	   the	   enrolled	   children	   and	   their	  

households.	  Children	  from	  the	  entire	  cohort	  had	  a	  mean	  birth	  weight	  of	  3.4	  (1.3)	  kg	  with	  

median	  (25th	  and	  75th	  percentiles)	  reported	  duration	  of	  breast	  feed	  was	  4	  (3,	  6)	  weeks.	  

Eight	   percent	   of	   the	   children	   had	   a	   history	   of	   prematurity.	   The	   majority	   of	   the	  

households	  (55%)	  belonged	  to	  the	  region	  of	  Managua.	  None	  of	  the	  variables	  were	  found	  

to	  have	  statistically	  significant	  differences	  among	  the	  cohorts	  for	  each	  year.	  

Of	   10,660	   children,	   1,887	   met	   exclusion	   criteria.	   Thus,	   8,773	   children	   had	  

received	   their	   1st	   dose	  of	  pentavalent	   and	  were	  age	  eligible	   to	   receive	   the	  1st	   and	  3rd	  

dose	  of	  rotavirus.	  Figure	  1	  is	  a	  flow	  diagram	  describing	  the	  entire	  cohort,	  in	  which	  8,527	  

(97.2	  %)	  children	  received	  their	  first	  dose	  of	  rotavirus	  and	  7,385	  (84.2	  %)	  received	  their	  

3rd	  dose	  of	  rotavirus	  vaccine.	  Median	  (25th	  and	  75th	  percentiles)	  age	  of	  administration	  of	  

dose	  1	  pentavalent	  and	  rotavirus	  vaccine	  receipt	  was	  63	  (61-‐69)	  days,	  and	  for	  dose	  3	  of	  

pentavalent	   and	   rotavirus	   vaccine	  was	   189	   (184-‐209)	   days.	   A	   very	   high	   proportion	   of	  

children	  (99	  %)	  received	  their	   first	  dose	  of	  rotavirus	  and	  pentavalent	  on	  the	  same	  day	  

and	   99.6	   %	   received	   their	   3rd	   dose	   of	   both	   vaccines	   on	   the	   same	   day.	   Among	   246	  

children	  who	  did	  not	  receive	  their	  first	  rotavirus	  dose,	  68	  (27.7	  %)	  received	  pentavalent	  

vaccine	  after	  the	  age	  limit	  of	  105	  days.	  Among	  1,388	  children	  who	  did	  not	  receive	  their	  

third	   dose	   of	   rotavirus	   vaccine,	   280	   (20.2	  %)	   received	   their	   third	   dose	   of	   pentavalent	  

vaccine	  after	  the	  age	  limit	  of	  223	  days	  of	  age.	  	  	  
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Table	   2	   &	   Figure	   2	   show	   the	   number	   of	   children	   receiving	   rotavirus	   and	  

pentavalent	  vaccine	  (dose	  1)	  based	  on	  timing	  (before	  or	  after	  the	  age	  limit	  of	  105	  days).	  

Delayed	  (beyond	  105	  days	  of	  age)	  receipt	  of	  pentavalent	  vaccine	  (dose	  1)	  was	  strongly	  

associated	  with	  non-‐receipt	  of	  rotavirus	  vaccine.	   	   In	  2006,	  there	  were	  no	  children	  who	  

received	   their	   first	   dose	   of	   rotavirus	   vaccine	   after	   the	   age	   limit	   of	   105	   days.	   In	   2007,	  

there	  were	   127	   children	  who	   received	   pentavalent	   vaccine	   after	   the	   age	   limit	   of	   105	  

days,	   among	   them,	  83	   (65.4	  %)	   received	   rotavirus	   vaccine.	   The	  proportion	  of	   children	  

receiving	  rotavirus	  vaccine	  (dose	  1)	  after	  the	  age	  limit	  increased	  in	  2008	  with	  (88	  %)	  and	  

2009	  with	   (92	  %).	   Table	   3	   &	   Figure	   3	   demonstrate	   the	   number	   of	   children	   receiving	  

rotavirus	  and	  pentavalent	  vaccine	  (dose	  3)	  based	  on	  timing	  (before	  or	  after	  the	  age	  limit	  

of	   223	  days).	   In	  2006,	   there	  were	  40	   children	  who	   received	  pentavalent	   vaccine	  after	  

the	  age	   limit,	  among	  whom	  27	   (67.5	  %)	   received	  rotavirus	  vaccine.	  Similar	   to	  data	   for	  

dose	   1,	   the	   proportion	   of	   children	   receiving	   rotavirus	   vaccine	   (dose	   3)	   after	   223	   days	  

remained	  consistent	  in	  2007	  (64	  %),	  increased	  in	  2008	  (86.3	  %)	  and	  2009	  with	  (94.7	  %).	  

Among	  children	  receiving	  their	  1st	  dose	  of	  pentavalent	  vaccine	  after	  the	  age	  limit	  

of	  105	  days,	  the	  likelihood	  of	  simultaneously	  receiving	  rotavirus	  vaccine	  was	  decreased	  

by	  90	  %	   (O.R	  =	  0.1	   (95%CI:	  0.08,	  0.16))	   compared	   to	  children	   receiving	   their	   rotavirus	  

vaccine	   before	   the	   age	   limit,	   as	   shown	   in	   Table	   4.	   This	   pattern	   for	   dose	   1	   remained	  

consistent	   over	   time.	   Among	   children	   receiving	   their	   3rd	   dose	   of	   pentavalent	   vaccine	  

after	   the	   age	   limit	   of	   223	   days,	   the	   likelihood	   of	   simultaneously	   receiving	   rotavirus	  

vaccine	  was	  decreased	  by	  40%	  (O.R	  =	  0.6	  (95%CI:	  0.2,	  0.8))	  in	  2006,	  30	  %	  (O.R	  =	  0.7	  (95%	  

CI:	  0.3,	  0.4))	   in	  2007,	  10	  %	  (O.R	  =	  0.9	  (95%	  CI:	  0.7,	  1.2)	   in	  2008	  and	  (O.R	  =	  3.8	  (95%CI:	  
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1.9,	   7.2))	   in	   2009	   compared	   to	   children	   receiving	   pentavalent	   vaccine	   before	   the	   age	  

limit	  as	  shown	  in	  Table	  4.	  	  

Findings	   from	  multivariate	  models	   examining	   additional	   predictors	   of	   rotavirus	  

vaccination	  are	  shown	  in	  table	  5.	  Children	  residing	  in	  Managua	  had	  a	  lower	  likelihood	  of	  

receiving	   rotavirus	   vaccine	   after	   the	   age	   limit	   for	   the	   respective	   doses	   compared	   to	  

children	  receiving	  their	  pentavalent	  vaccine	  before	  the	  age	  limits.	  For	  dose	  1,	  the	  odds	  

of	  receiving	  rotavirus	  vaccine	  after	  the	  age	  limit	  was	  2.1	  (95%CI:	  	  1.2,	  3.6)	  in	  Matagalpa,	  

10.7	   (95%CI:	   4.6,	   24.6)	   in	   Masaya	   and	   1.8	   (95%CI:	   1.1,	   2.8)	   in	   Carazo	   compared	   to	  

Managua	  (Table	  5).	  For	  dose	  3,	  the	  odds	  of	  receiving	  rotavirus	  vaccine	  after	  the	  age	  limit	  

was	  higher	  in	  other	  regions	  such	  that	  children	  in	  Matagalpa	  region	  had	  1.9	  (95%CI:	  1.6,	  

2.4)	   fold	   higher	   odds	   of	   receipt.	   The	  OR	  was	   3.8	   in	  Masaya	   (95%CI:	   3.1,	   4.7)	   and	   2.8	  

(95%CI:	  2.2,	  3.5)	  in	  Carazo	  compared	  to	  Managua.	  Children	  with	  mothers	  who	  reached	  

higher	  maternal	  education	  levels	  (adjusted	  O.R	  =	  1.7	  (1.3,	  2.2))	  and	  children	  who	  were	  

not	  diagnosed	  with	  pneumonia	  (O.R	  =	  1.5	  (1.1,	  2.2))	  had	  a	  higher	  likelihood	  of	  receiving	  

rotavirus	  vaccine	  after	  the	  age	  limit	  (Table	  6).	  
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5.  DISCUSSION  
	  

These	  analyses	  suggest	  that	  the	  age	  restriction	  did	  lead	  to	  suboptimal	  vaccine	  

coverage	  for	  rotavirus	  vaccine	  when	  compared	  with	  pentavalent	  coverage,	  though	  the	  

coverage	  for	  the	  first	  dose	  of	  rotavirus	  vaccine	  improved	  with	  each	  new	  birth	  cohort.	  

These	  findings	  are	  consistent	  with	  other	  studies	  (14,	  45,	  46,	  48,	  50).	  Persistent	  

differences	  between	  pentavalent	  and	  rotavirus	  vaccine	  coverage	  after	  several	  years	  

suggest	  that	  a	  substantial	  number	  of	  children	  did	  not	  receive	  rotavirus	  vaccine	  due	  to	  

delayed	  presentation	  for	  vaccination	  rather	  than	  slow	  scale-‐up	  of	  the	  rotavirus	  

immunization	  program.	  High	  coverage	  and	  timeliness	  of	  vaccinations	  indicate	  overall	  

maturity	  of	  the	  program	  at	  the	  time	  of	  rotavirus	  vaccine	  introduction.	  

The	  adherence	  to	  the	  upper	  age	  restriction	  was	  strong	  throughout	  the	  study	  

period	  for	  the	  first	  dose	  and	  was	  found	  to	  weaken	  over	  time	  for	  the	  third	  dose.	  One	  

reason	  that	  might	  explain	  the	  	  strong	  adherence	  for	  dose	  1	  would	  	  be	  the	  prevailing	  

concern	  of	  intussusception	  (peak	  onset	  of	  3-‐4	  months	  of	  age)	  (51).	  Weak	  adherence	  for	  

dose	  3	  may	  have	  been	  due	  to	  the	  decreased	  risk	  of	  intussusception	  in	  older	  infants,	  as	  

infants	  would	  have	  crossed	  the	  high	  risk	  period,	  coupled	  with	  increasing	  recognition	  of	  

the	  need	  to	  prevent	  severe	  gastroenteritis	  and	  death	  due	  to	  rotavirus	  (42,	  51).	  

Among	  children	  receiving	  their	  first	  and	  third	  dose	  of	  pentavalent	  vaccine	  after	  

the	  age	  limit,	  children	  had	  a	  lower	  likelihood	  of	  receiving	  the	  corresponding	  rotavirus	  

vaccine	  dose	  in	  Managua.	  Health	  care	  providers	  in	  Managua	  may	  have	  been	  better	  

informed	  regarding	  recommendations,	  and	  trained	  on	  adhering	  to	  the	  restriction.	  
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Health	  care	  providers	  in	  other	  cities	  appeared	  to	  be	  less	  adherent	  to	  the	  age	  restriction	  

over	  time	  and	  the	  presence	  of	  transportation	  had	  no	  impact	  on	  receipt	  of	  rotavirus	  

vaccine.	  	  These	  results	  are	  in	  contrast	  with	  findings	  by	  Flannery	  et	  al,	  (Brazil)	  that	  	  the	  

difference	  between	  rotavirus	  and	  pentavalent	  vaccine	  coverage	  was	  greatest	  in	  regions	  

that	  have	  lower	  routine	  immunization	  coverage,	  difficult-‐to-‐reach	  populations	  and	  

historically	  higher	  diarrhea-‐related	  mortality	  (45).	  For	  the	  third	  dose,	  infants	  in	  this	  

study	  whose	  mothers	  had	  a	  higher	  education	  level	  and	  children	  free	  of	  pneumonia	  had	  

a	  higher	  likelihood	  of	  receiving	  rotavirus	  vaccine	  after	  the	  age	  limit.	  This	  correlates	  to	  

findings	  in	  El	  Salvador	  by	  Suarez-‐Castaneda	  et	  al	  (46).	  	  

There	  were	  several	  strengths	  for	  this	  study.	  Assessment	  of	  associations	  was	  

based	  on	  individual	  information	  of	  8,773	  children,	  rather	  than	  ecological	  or	  aggregated	  

data.	  The	  analyses	  consisted	  of	  children	  from	  four	  regional	  sites	  in	  Nicaragua	  which	  may	  

be	  generalizable	  to	  other	  low	  and	  middle	  income	  countries,	  especially	  in	  Latin	  America.	  

Receipt	  of	  both	  vaccinations	  were	  confirmed	  using	  vaccination	  cards	  (96	  %)	  and	  medical	  

records	  (4	  %)	  eliminating	  recall	  bias	  and	  misclassification	  errors	  that	  would	  have	  

occurred	  if	  vaccine	  receipt	  was	  based	  on	  parental	  recall.	  	  

The	  study	  also	  had	  some	  limitations.	  All	  the	  covariates	  (birth	  weight,	  duration	  of	  

breastfeeding,	  maternal	  education)	  were	  obtained	  from	  maternal	  interview,	  which	  is	  

subject	  to	  reporting	  bias.	  No	  information	  was	  obtained	  about	  any	  rotavirus	  vaccine	  

shortages	  reported	  in	  Nicaragua.	  However,	  rotavirus	  vaccine	  coverage	  was	  almost	  equal	  

to	  pentavalent	  vaccine	  coverage	  when	  children	  presented	  to	  the	  clinic	  before	  the	  age	  

limit	  as	  described	  in	  table	  2	  &	  3.	  The	  large	  O.R	  3.8	  (95%CI:	  1.9,	  7.2)	  seen	  in	  the	  2009	  
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cohort	  (albeit	  with	  a	  wide	  confidence	  interval)	  could	  be	  related	  to	  a	  higher	  confidence	  

with	  administration	  of	  rotavirus	  vaccine	  over	  time.	  Children	  in	  the	  2009	  cohort	  

therefore	  had	  a	  3.8	  fold	  lower	  odds	  of	  not	  receiving	  their	  corresponding	  rotavirus	  

vaccine	  (provided	  they	  received	  pentavalent	  before	  the	  age	  limit	  of	  223	  days)	  compared	  

to	  those	  receiving	  it	  after	  the	  age	  limit.	  This	  could	  also	  suggest	  receipt	  of	  rotavirus	  

vaccine	  became	  more	  independent	  of	  pentavalent	  vaccinations	  and	  less	  adherent	  to	  age	  

restrictions,	  over	  time.	  This	  analysis	  did	  not	  include	  cohorts	  born	  before	  rotavirus	  

vaccine	  introduction,	  so	  it	  was	  unable	  to	  assess	  improved	  timeliness	  in	  administration	  

for	  other	  routine	  vaccines	  as	  observed	  in	  Australia	  (37).	  	  

These	  findings	  add	  to	  the	  limited	  literature	  about	  the	  use	  and	  coverage	  of	  

rotavirus	  vaccine	  when	  there	  are	  age	  restrictions	  with	  its	  use.	  This	  was	  a	  unique	  time	  

when	  such	  age	  limitations	  were	  recommended	  for	  vaccine	  administration.	  These	  

analyses	  may	  potentially	  inform	  other	  country	  programs	  that	  are	  considering	  

introducing	  vaccines	  associated	  with	  age	  restrictions.	  Findings	  also	  add	  to	  the	  growing	  

number	  of	  investigations	  of	  vaccination	  timeliness	  and	  adherence	  to	  recommended	  

ages	  for	  administration	  (37,	  38).	  This	  message	  is	  consistent	  with	  the	  principle	  that	  all	  

recommended	  vaccines	  should	  be	  administered	  during	  a	  vaccination	  visit	  to	  avoid	  

missed	  opportunities	  and	  optimize	  vaccine	  coverage,	  especially	  for	  new	  vaccines.	  	  
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7.  TABLES  /  FIGURES  
Table	  1:	  Descriptive	  characteristics	  for	  child,	  socioeconomic	  and	  demographic	  related	  
variables	  for	  each	  cohort.	  

	  	   2006	  (n=423)	   2007	  (n=3421)	   2008	  (n=3198)	  	   2009	  (n=1731)	  

Child	  
Characteristics	  

Mean	  (S.D)	   Mean	  (S.D)	   Mean	  (S.D)	   Mean	  (S.D)	  

Birth	  weight	  
(kg)	  

3.4	  (1.4)	   3.5	  (1.5)	   3.3	  (1.3)	   3.2	  (0.9)	  

	  	   Median	  	  

(Q1-‐Q3)	  

Median	  	  

(Q1-‐Q3)	  

Median	  	  

(Q1-‐Q3)	  

Median	  	  

(Q1-‐Q3)	  

Breastfed	  
(weeks)	  

4	  (3,	  6)	   4	  (3,	  6)	   4	  (3,	  6)	   4	  (3,	  5)	  

	  	   N	  (%)	   N	  (%)	   N	  (%)	   N	  (%)	  

Sex:	  Male	   221	  (52.3)	   1911	  (55.9)	   1726	  (53.9)	   985	  (57)	  

Premature	  
birth:	  Yes	  

35	  (8.3)	   303	  (8.9)	   263	  (8.2)	   142	  (8.2)	  

Mother’s	  
education:	  
None	  

21	  (5)	   125	  (3.6)	   111	  (3.5)	   79	  (4.6)	  

Primary	  school	   125	  (30)	   1022	  (29.9)	   977	  (30.6)	   57	  (32.2)	  

Secondary	  
school	  

225	  (53.2)	   1887	  (55.2)	   1737	  (54.3)	   901	  (52.1)	  

Tertiary	  school	   52	  (12.3)	   378	  (11.1)	   370	  (11.6)	   193	  (11.2)	  

Region:	  
Managua	  	  

256	  (62.7)	   2075	  (60.6)	   1683	  (52.6)	   842	  (48.6)	  

Matagalpa	   51	  (12.1)	   318	  (9.3)	   387	  (12.1)	   283	  (16.4)	  

Masaya	   71	  (16.8)	   599	  (17.5)	   693	  (21.7)	   350	  (20.2)	  

Carazo	   36	  (8.5)	   429	  (12.5)	   435	  (13.6)	   256	  (14.8)	  
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Figure	  1:	  Flow	  chart	  describing	  the	  cohort	  of	  children	  used	  in	  this	  study.	  Among	  10,660	  
children,	  1,817	  met	  the	  exclusion	  criteria	  leaving	  8,773	  in	  the	  analyses	  who	  had	  received	  
their	  1st	  dose	  of	  pentavalent	  vaccine	  and	  were	  age	  eligible	  to	  receive	  their	  1st	  and	  2nd	  
dose	  of	  rotavirus	  vaccine.	  	  

	  

	  

	  

	  



24	  
	  

Table	  2:	  Proportion	  of	  children	  who	  received/not	  received	  Rotavirus	  vaccination	  (dose	  1)	  
before/after	  receiving	  pentavalent	  dose1	  (before/after	  the	  age	  limit	  of	  105	  days).	  

Rotavirus	  
(1st	  dose)	  

Received	  1st	  dose	  of	  pentavalent	  before	  
105	  days.	  

Frequency	  (%)	  

Received	  1st	  dose	  of	  pentavalent	  
vaccine	  after	  105	  days.	  

Frequency	  (%)	  
2006	  	  
(n=423)	  

2007	  
(n=3294)	  

2008	  
(n=3057)	  

2009	  
(n=1645)	  

2006	  
(n=0)	  

2007	  
(n=127)	  

2008	  
(n=141)	  

2009	  
(n=	  86)	  

Not	  
received	  	  

33	  (7.8)	   121	  
(3.7)	  

22	  (0.7)	   2	  (0.1)	   0	   44	  
(33.6)	  

17	  
(12.1)	  

7	  (8.1)	  

Received	   390	  
(92.2)	  

3173	  
(96.3)	  

3035	  
(99.3)	  

1643	  
(99.9)	  

0	   83	  
(65.4)	  

124	  
(87.9)	  

79	  
(91.9)	  

	  

	  

	  

	  

Figure	  2:	  Proportion	  of	  children	  who	  received/not	  received	  rotavirus	  vaccination	  (dose	  1)	  
among	  those	  who	  received	  pentavalent	  (dose	  1)	  vaccine	  (after	  the	  age	  limit	  of	  105	  days).	  
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Table	  3:	  Proportion	  of	  children	  who	  received/not	  received	  Rotavirus	  vaccination	  (dose	  3)	  
before/after	  pentavalent	  (dose	  3)	  vaccine	  (before/after	  the	  age	  limit	  of	  223	  days).	  

Rotavirus	  
(3rddose)	  

Received	  3rd	  dose	  of	  pentavalent	  
before	  223	  days.	  	  

Frequency	  (%)	  

Received	  3rd	  dose	  of	  pentavalent	  
vaccine	  after	  223	  days.	  	  

Frequency	  (%)	  
2006	  	  
(n=383)	  

2007	  
(n=2901)	  

2008	  
(n=2688)	  

2009	  
(n=1543)	  

2006	  
(n=40)	  

2007	  
(n=520)	  

2008	  
(n=510)	  

2009	  
	  (n=	  188)	  

Not	  
received	  	  

58	  
(15.1)	  

447	  
(15.4)	  

333	  
(12.4)	  

270	  
(17.5)	  

13	  
(32.5)	  

187	  	  
(36)	  

70	  
(13.7)	  

10	  
(5.3)	  

Received	   325	  
(84.9)	  

2454	  
(84.6)	  

2355	  
(87.6)	  

1273	  
(82.5)	  

27	  
(67.5)	  

333	  	  
(64)	  

440	  
(86.3)	  

178	  
(94.7)	  

	  

	  

	  

	  

Figure	  3:	  Proportion	  of	  children	  who	  received/not	  received	  Rotavirus	  vaccination	  (dose	  3)	  
among	  those	  who	  received	  pentavalent	  (dose	  3)	  vaccine	  (after	  the	  age	  limit	  of	  223	  days).	  
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Table	  4:	  Univariate	  and	  multivariate	  regression	  results	  for	  the	  Odds	  (95%	  CI)	  of	  an	  infant	  
receiving	  their	  first	  and	  third	  dose	  of	  rotavirus	  (who	  were	  vaccinated	  with	  pentavalent)	  
after	  the	  age	  limit	  of	  105	  and	  223	  days	  for	  each	  cohort	  by	  year	  

Cohort	   Odds	  ratio	  for	  rotavirus	  
vaccination	  after	  the	  age	  limit	  of	  

105	  days.	  
Dose	  1	  

Odds	  ratio	  for	  rotavirus	  
vaccination	  after	  the	  age	  limit	  of	  

223	  days.	  
Dose	  3	  

Crude	  0.R	  
	  (95	  %	  CI)	  

Adjusted	  O.R	  	  
(95	  %	  CI)	  

Crude	  0.R	  	  
(95	  %	  CI)	  

Adjusted	  O.R	  	  
(95	  %	  CI)	  

Pentavalent	  
vaccination	  at	  
the	  age	  limit	  
(after	  vs	  before)	  
ENTIRE	  
COHORT)	  

0.10	  (0.08,	  
0.16)	  

0.06	  (0.05,	  
0.09)	  

0.6	  (0.5,	  0.7)	   0.7	  (0.6,	  0.9)	  

2006	   *	   *	   0.4	  (0.2,	  0.8)	   0.5	  (0.2,	  1.0)	  
2007	   0.07	  (0.05,	  

0.10)	  
0.07	  (0.05,	  

0.10)	  
0.3	  (0.3,	  0.4)	   0.4	  (0.3,	  0.5)	  

2008	   0.05	  (0.02,	  
0.10)	  

0.06	  (0.02,	  
0.10)	  

0.9	  (0.7,	  1.2)	   1.2	  (0.9,	  1.6)	  

2009	   0.01	  (0.01,	  
0.07)	  

0.01	  (0.01,	  
0.06)	  

3.8	  (1.9,	  7.2)	   4.7	  (2.4,	  9.2)	  

*In	  2006,	  there	  was	  no	  report	  of	  a	  child	  being	  administered	  with	  rotavirus	  vaccine	  after	  the	  age	  limit.	  	  

Table	  5:	  Multivariate	  regression	  results	  to	  identify	  other	  risk	  factors,	  for	  the	  adjusted	  
odds	  (95%	  CI)	  of	  an	  infant	  receiving	  their	  1st	  dose	  of	  rotavirus	  vaccine	  (who	  were	  
vaccinated	  with	  pentavalent	  after	  the	  age	  limit).	  

Predictors	   Odds	  ratio	  for	  rotavirus	  vaccination	  (dose	  1)	  after	  the	  
age	  limit,	  105	  days)	  

Unit	   Adjusted	  O.R	  (95	  %	  CI)	  

Pentavalent	  vaccination	  at	  
the	  age	  limit	  (after	  vs	  

before)	  

Received	  pentavalent	  
vaccine	  after	  105	  days	  vs	  
before	  105	  days	  of	  age.	  

0.06	  (0.05,	  0.09)	  

Sex	   Female	  vs	  male	   1.3	  (0.9,	  1.7)	  

Region	  
(Reference	  =	  Managua)	  

Matagalpa	  vs	  Managua	   2.1	  (1.2,	  3.6)	  

Masaya	  vs	  Managua	   10.7	  (4.6,	  24.6)	  

Carazo	  vs	  Managua	   1.8	  (1.1,	  2.8)	  
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Table	  6:	  Multivariate	  regression	  results	  to	  identify	  other	  risk	  factors,	  for	  the	  odds	  (95%	  
CI)	  of	  an	  infant	  receiving	  their	  3rd	  dose	  of	  rotavirus	  vaccine	  (who	  were	  vaccinated	  with	  
pentavalent	  vaccine	  after	  the	  age	  limit).	  

Predictors	   Odds	  ratio	  for	  rotavirus	  vaccination	  (dose	  3)	  after	  the	  
age	  limit,	  223	  days)	  

Unit	   Adjusted	  O.R	  (95	  %	  CI)	  

Pentavalent	  vaccination	  
at	  the	  age	  limit	  (after	  vs	  

before)	  

Received	  pentavalent	  
vaccine	  after	  223	  days	  of	  
age	  vs	  before	  223	  days	  of	  

age.	  

0.7	  (0.6,	  0.9)	  

Sex	   Female	  vs	  male	   1.1	  (0.9,	  1.3)	  

Region	  
(Reference	  =	  Managua)	  

Matagalpa	  vs	  Managua	   1.9	  (1.6,	  2.4)	  

Masaya	  vs	  Managua	   3.8	  (3.1,	  4.7)	  

Carazo	  vs	  Managua	   2.8	  (2.2,	  3.5)	  

Maternal	  education	   None	  vs	  primary	  school	   0.6	  (0.5,	  0.9)	  

	   Secondary	  school	  vs	  
primary	  school	  

1.2	  (1.1,	  1.4)	  

	   Tertiary	  school	  vs	  primary	  
school	  

1.7	  (1.3,	  2.2)	  

Pneumonia	   No	  pneumonia	  vs	  
pneumonia	  

1.5	  (1.1,	  2.2)	  
	  

Car	   Car	  vs	  No	  car	   1.2	  (0.9,	  1.5)	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  


