Hib Immunization Schedules

POLICY QUESTION

What are the optimal immunization schedules for
Haemophillus influenzae type b vaccines (Hib) for children
living in different epidemiological settings?

Number of doses

Age at administration of first dose

Interval between doses

Immunization of HIV infected children
Immunization of children in emergency settings



Effect of number of doses of Hib vaccine on
invasive Hib disease

USA1991

2004

Germany 2008

South Africa 2002

Gambia 4
England |/Vales 200
Germ

USA1994
USA1994

=
(5
©
2
=
)
()
£
()
[5)
©
=

Gambia 2005
|
USA1
[
Ganbia 2005
USA1999

Gal\nbia 2005

No data|from RCTs or observational
USA1994

3pvs2p 3pvs0 2pv0 >2p
3pvs 2p#1

3 3p+1 Schedule o ) i
pvsp Hib invasive disease

RCT solid
Cohort  diagonal
Casec diamonds

PRP-T
HbOC
OMP




ib vaccine

Effect of number of doses of H

ingitis

on Hib men

MBI
ysape|bueg
day ueduiiog
mml_ O-epyedn
}ewua(
ey

H-epuebn

I eiques
I dey uesujwio(]

amw_ 2OIUILLO(]

BIqUIED

_._wm.m_m:mm

. €91y
. Zelsauopu|

S31pN1s [BUOIIBAIRSO 10 S|)Y WOJ4 Blep ON

Aoeolyje auIooeA

2
S
°
@
£
o
n

3pvs 2p#1

Hib meningitis

3pvs 3p+1

solid

RCT

diagonal

Cohort

OMP

(2]
©
c
(@]
=
3
©

Case c



Effect of number of doses of Hib vaccine
on radiologically confirmed pneumonia
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Hib carriage, all available schedules (The Gambia)

Study
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Immune Response



Effect of number of doses of Hib vaccine
on serologic response (anti PRP antibodies > 1.0 ug/ml)

Risk difference of the serological response, > 1.0 ug/ml
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The Gambia: Incidence of Hib meningitis in
children under 5 YIS of ag€ (cases per 100,000 per year)
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Age at First dose



Effect of age at administration of first dose of Hib vaccine on
serologic response — no difference between 6 wks vs 8 wks

Risk difference of the serological response, > 1.0 ug/ml
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Effect of the interval between primary doses of Hib vaccine on
selected outcomes - Observational studies

In most reported case-control studies, doses were separated by
either one month (6, 10, 14 weeks and 2, 3, 4 months) or two months
(2, 4, 6 months and 2, 4, 12 months):

No clear difference in effectiveness against Hib meningitis, invasive
Hib disease or radiologically confirmed pneumonia between studies
using different intended dosing intervals



Effect of the interval between primary doses of Hib
vaccine on serologic response, > 1.0 ug/ml

Risk difference of the serological response, >1.0 ug/ml
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Effect of the interval between last primary dose and booster dose
of Hib vaccine on serologic response — 1 mo after booster

Risk difference of the serological response, >1.0 ug/ml
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Hib vaccine in HIV-infected children

HIV-infected children have an almost 6-fold increased risk of
Hib invasive disease compared to HIV-uninfected children

Hib vaccines have lower effectiveness in this population
Limited evidence (mainly from South Africa) suggests that HIV-
infected children would benefit from receiving a booster dose

regardless of the number of primary doses received and
regardless of ARV therapy

(Mangtani P et al. 2010)



Hib vaccine in emergency settings - Evidence
from relevant observational studies

Data from other settings have shown that a single dose of
Hib vaccine will induce adequate immune response in
children >12 months old; Two doses are needed for
optimal protection in children <12 months old

Therefore, in emergency settings, children would benefit
from at least one dose of Hib vaccine (if <émos old, Hib-
OMP vaccine is preferred as a 15t dose when available)



Decline of reported Hib meningitis cases after Hib
vaccine use in toddlers in the USA, 1980-1991
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Research needs

Assess effectiveness of various Hib immunization schedules and need
for booster dose in low income countries

Assess effectiveness of Hib vaccine in HIV-infected children (including
need and timing of booster dose)

Assess the effect of co-administration of Hib vaccine with acellular
pertussis vaccines on Hib vaccine effectiveness

Support strong disease surveillance systems in various epidemiological
settings to monitor impact of vaccine and disease epidemiology

Evaluate feasibility and effectiveness of Hib vaccine administration to
children in emergency settings
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Limitations of the evidence

Number of doses of Hib vaccine

(T) Clinical and carriage data: no direct RCTs with comparisons within individual trials between these 2
schedules. Studies randomizing to 2p schedules are PRP-OMP, and those to 3p are PRP-T and PRP-HbOC.

(O) Limited control for confounding (particularly in cohort studies).

(L) There is no direct comparison of the two schedules. Few countries use a 2p+1 schedule. Comparisons must
be made between countries which may result in confounding. Comparisons are difficult because there are no
long term data from developing countries using a 2p+1 schedule and few developing countries are using a
booster dose at all. Also, no industrialized countries reviewed are currently using a 3p schedule. Likely long term
effectiveness must be inferred from immunogenicity and efficacy data. Reasons for increases in incidence in
countries using 3p are not known. There are no impact data on use of a booster dose prior to 11 months of age.

Age at first dose

(T) Clinical and carriage data: no data. Immunological data: Only PRP-T and PRP-OMP in comparisons of
seropositivity. Few data about birth dose and conclusions about birth dose differ depending on control group
used (e.g. Lieberman 1995, HbOC)

(O) Studies mainly reported intended schedules rather than actual age at vaccination. Limited range in intended
age at first dose (6 weeks, 2 months or 2-5 months).

The one study with intended age at initiation of 6 weeks and relatively low three-dose VE (83%) was carried out
in a population with a high prevalence of HIV infection.

(L) There is limited variability in first dose timing in currently used schedules. Developing countries recommend
the first dose at 6 or 8 weeks. Industrialized countries recommend the first dose mainly at 8 weeks with a few at
12 weeks. Hib continues to cause disease in all countries reviewed, with incidence highest in the first year of life.
This suggests ongoing risk in young infants. No clear evidence of the superiority of either schedule.



POLICY QUESTION

What are optimal immunization schedules for Haemophillus Influenzae type b
vaccines (Hib) for children living in different epidemiological settings?

Number of doses: at least 3 doses
Age at administration of first dose: at 6 weeks or soon thereafter
Interval between doses: 4-8 weeks between primary doses

Immunization of children in emergency settings: for children < 12 months
of age at least one dose should be given and, if conditions permit an
additional dose should be provided. For young infants (< 6 months of age)
OMP has reported higher immunogenicity and therefore is preferable

Immunization of HIV infected children: they would benefit from receiving a
booster dose regardless of the number of primary doses received and
irrespective of whether or not the child is receiving anti-retroviral therapy



Effect of number of doses of Hib vaccine on
invasive Hib disease
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Invasive Hib disease, intention to treat
analyses, all available schedules, from RCTs

Study Derived Reported Schedule, Vaccine  Formulation

ratio (95% CI) VE(95%CI)  months

Comparison U1:1pvs0

USAT* 0.00(0.00,0.59) 100(41,100) 153vsnodoses PRP-OMP Separate’

Comparison U2:2pvs 0

USA1 0.05(0.01,0.28) 1.5-3,2.5-5vs PRP-OMP Separate’
nodoses

Comparison U3:3pvs0
Gambiad 025(0.12,050) Notreported 2 3 4vsnodoses PRP-T Combineqd?

USA2 016(0.06,042) 84(5994) 2.4, 6vsnodoses PRP-HbOC Separate?

USA3 014(0.01,271)  Notreported 2 4 6vsnodoses PRP-T Separate*

Subtotal (I-squared=0.0%,p =0.739) 0.21(0.12,0.37)

Comparison U3: Cluster randomized 3p vs 0

Chile3 0.10(0.04,0.25)  90.2(74.5,100) 2,4, 6vsnodoses PRP-T Combined®

T T T
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Invasive Hib disease, per protocol analyses, all
available schedules, from RCTs

Derived Reported Schedule, Vaccine  Formulation
ratio (95%Cl)  VE(95%ClD  months

ComparisonU1-1pvs0
Gambiad” 056(017,1.85) 44(-85,85) 2vsnodoses PRP-T  Combined

USA™ . 000(000,085) 100(15100) 153vs PRP-OMP Separate2
Subtotal (I-squared=68 0% p=0077) —————(10(000,10.12) nodoses

ComparisonU2:2pvs ()

USAT 0.07(0.01,0.47) 15-3,25-5vs  PRP-OMP Separate?
no doses

CompanisonU3: 3pvs 0

Gambiad 0.05(0.01,0.33) 95(67100) 2,3 4vs PRP-T  Combined
no doses

Comparison U3: Cluster randomized 3p vs 0

Chile3 0.08(0.02,0.35) 91.7(648,100)2 4 6vs PRP-T  Combineds
no doses

Comparison W62 or 3 doses vs 0

Gambiad 0.07(0.02,029) Notreported 2 3o0r2 3 4vs PRP-T  Combined!
no doses
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Estimates of effectiveness of 3 doses of Hib vaccine
against invasive Hib disease, from cohort studies

Chile (Lagos, 1996)

England & Wales {(Heath, 2000)

Gemany (Kalies, 2004)

Gemany (Kalies, 2008)

South Africa (Madhi, 2002)
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Estimates of effectiveness of 3 doses of Hib vaccine
against invasive Hib disease, from case-control studies

Garrbia (Adegbola, 2003)

Usa Hboc (Vadheim, 1994)
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Effect of number of doses of Hib vaccine

on Hib meningitis

Type of 3p vs 2p+1
studies

RCTs

Observational

Long term
impact

No data

No data

5 control case studies
and one cohort study
compared Hib vaccine
to no vaccine

No data

No data

No data

Used in few
countries but no
specific impact
data

3 RCTs compared 3p vs
0

Case control studies:
5 studies compared 2p

vs 0

5 studies compared 3p
vs 0

1 cohort study
compared 3p vs 0 and
2pvs O

Used in several
countries in Africa and
Latin America but no
specific impact data




Effect of number of doses of Hib vaccine
on probable bacterial meningitis
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Effect of number of doses of Hib vaccine
on aetiology negative meningitis
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Estimates of effectiveness of 3 doses of Hib vaccine against
confirmed Hib meningitis, from case-control studies

Bangladech {Bagui, 2007} - comimu nity oonrols

Ugands {Les, 2008} - communitycontrols

Bangladesh {Bagui, 2007) - hospis| controls

Ugands (Le=, 2D0E) - hospitsl controls

Ugands {Lewis, 2008}

Gambia (Adegbola, 2005)

Cominican Republic (Les, 2008)
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Effect of number of doses of Hib vaccine
on Hib pneumonia

3p vs 2p+1

No data No data 3 RCTs
All use PRP-T

Observational No data One case control
One case control study study reported 3p vs
compared Hib vaccine to Oand 2pvsO
no vaccine

Long term
impact




Pneumonia, per protocol analyses,
all available schedules, from RCTs

Derived Reported
ratio (95% Cl)  VE(95%CI)

Schedule, Vaccine

months

Formulation

Clinical pneumonia,
3p schedules

Gambia4

Radiologically defined pneumonia,
3p schedules

Gambia4

Radiologically defined pneumonia,
cluster randomized, 2p or 3p

Chile3®

Definitive Hib pneumonia,
Z2norip

Gambiad*™

0.93(0.82,104) 75(-4318.0)

078(0.61,098) 22.4(19,38.6)

0.77(0.60,0.99) 23(1,40)

0.00(0.00,0.45) 100(55,100)

2.3 4vs
no doses

2.3 4vs
nodoses

2.40r24,6vs
no doses

2.30r2 3,4 vs PRP-T
no doses

Combined

Combined!

Combined?

Combined!

I
008 015

031 0825 125 25

Hib vaccine protedive

Hib vaccineharmful




Estimates of effectiveness of 3 doses of Hib vaccine against
radiologically confirmed pneumonia, from case-control studies
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Pneumonia, intention to treat analyses, all
available schedules, from RCTs

Derived Reported  Schedule, Vaccine Formulation
ratio (95%Cl)  VE(95%Cl)  months

Clinical pneumonia,
3p schedules

Gambiad 0.93(0.85,1.02) 2.3, 4vs Combinead'
no doses

Clinical pneumonia, cluster randomized
3p schedules

Indonesia? 0.96(0.93,0.99) 15,25, 35vs Combined?
nodoses

Radiologically defined pneumonia,
3p schedules

Gambia4 0.79(0.65,0.96) 21.1(4.6,34.9) 2,3 4vs
no doses

o | | o
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Effect of number of doses of Hib vaccine
on Hib carriage

3p vs 2p+1

No data No data One trial compared
3 RCTs compared Hib 3pvsOand2pvsO
vaccine against no

vaccine

Observational Limited data (reviewed No data 3 Studies reported VE
non-systematically)
showed no clear
relationship between
carriage and number of
doses

Long term No data No data No data
impact




Effect of number of doses of Hib vaccine
on proportion seropositive after Hib vaccine

Observational

Long term
impact

6 RCTs

1 and 6 months post
primary
PRP-T and PRP-HbOC

1 study

Non systematic
review
PRP-T and PRP-HbOC

No data

3p vs 2p+1

6 RCTs

1 and 6 months post
primary

13 months of age
PRP-T and PRP-HbOC

No data

No data

6 RCTs

1 and 6 months post
primary

No data from
systematic review

No data




3p vs 2p, approx. 1m post primary,
0.15ug/ml, from RCTs

Risk diff (95% CI) n/N (%), n/N (%), Schedule, Assay  Formulation
3p group 2p group months

PRP-T
Chile4 : -0.05(-0.11,001) 71/76(93.4)  74/75(98.7)  2,4,6vs4,6 Separate!
Niger -0.02(-0.08,0.04) 43/44(97.7)  54/54(100.0) 15,25 3.5vs25 3.5 4. Combined?
Sweden 0.06(-0.02,0.14) 107/116(92.2) 96/111(86.5 2,4,6vs3,5 Combined?

Subtotal (I-squared =66.8%, p = 0.049) -0.01 (-0.08,0.06)

PRP-HbOC

Chile4 0.06(-0.03,0.16) 65/70(92.9) 64/74(86.5) 2,4,6vs4.6 Separate?

Subtotal 0.06(-0.03,0.16)

PRP-T. vaccination-to-sampling interval differs
between groups

Chiled -0.01(-0.03,0.01) 134/135(99.3) 130/130(100.0) 2,4,6vs3,5 Separate*

Subtotal -0.01(-0.03,0.01)

| I | |
-4 -3 -2 -1

3doses worse 3doses better

Combined-Hib vaccine mixed in same synnge as othervaccdnes; separate —Hib vaccine notgiven insame syringe as other vaccines (othervaccinesgiven at same or different time fromHib
vaccine.

1DTP both groupsat2 4,6. UnclearifaPorwP; 2 DTPboth groupsat1.5,2.5, 3.5 . UnclearifaPor wP. In one syringe with Hibvaccine whenHibgiven; 3 DTaP-IPV/Hib both groups; 4
DTaP2, 4, 6 both groups




3p vs 2p, approx. 1m post primary,
1.0ng/ml, from RCTs

Risk diff (95% CI) n/N (%), n/N (%), Schedule, Ageat Formulation
3p group 2p group months sample,
months

PRP-T

Chile4 -0.10(-0.20,-0.01) 64/76(84.2) T1/75(947) 2,4.6vs4, 6 8 Separate’

Niger1 0.05(-0.08,0.19) 39/44(88.6) 45/54(83.3) 1.9,2.5,3.0vs2.5, 3.0 45 Combined?

Sweden 0.23(0.11,0.36) 78/116(67.2) 49111(44.1) 2,4,6vs3, 5 7vs.6 Combined?

Subtotal (I-squared=90.2%, p <0.001) 0.06 (-0.16,0.28)

PRP-HbOC
Chile4 012(-0.03,0.27) 53/70(75.7) 47/74(635) 2,4,6vs4,6 Separate’

Subtotal 0.12(-0.03,0.27)

PRP-T, vaccination-to-sampling interval
differs between groups

Chileb 0.02(-0.03,0.07) 130/135(96.3) 123/130(94.6) 2,4,6vs3, 5 Separate*

Subtotal 0.02(-0.03,0.07)

I l l l
-4 -3 -2 -1

3dosesworse 3doses better

Combined— Hibvaccine mixed insame synnge as othervaccines; separate — Hib vaccine not givenin same syringe as other vaccines (othervaccines givenatsame ordifferent ime
from Hib vaccine.

1DTPboth groupsat2, 4, 6. UnclearifaPorwP; 2 DTPboth groupsat1.5,2.5, 3.5. Unclear ifaP orwP. In onesyringe with Hib vaccinewhen Hibgiven; 3 DTaP-IPV/Hib both
groups; 4DTaP 2, 4, 6 both groups




3p vs 2p, approx. 6m post primary,
0.15pg/ml, from RCTs

Risk diff (95% CI1) n/N (%), n/N (%), Schedule, Age at Formulation
3p group 2p group months sample,
months

PRP-T
Chile4 | -0.09(-019,001) 6375(84.0)  70/75(933) 2,4 6vs4 6 12 ELISA Separate’
Niger1 004(-005014) 36/37(97.3)  40/43(930) 1525 35vs25 3509 Farr  Combined?
Sweden ] 011(-000,023) 92/115(80.0) 75/109(688) 24 6vs3,5 13vs 12 Farr  Combined’

Subtotal (I-squared =74.8%,p =0.019) 0.02(-0.10, 0.14)

PRP-HbOC
Chile4 0.06(-0.07,0.19) 5870(82.9)  57/74(77.0) 2,4, 6vs4,6 Separate’

Subtotal 0.06(-0.07,0.19)

PRP-T, vaccination-to-sampling interval
differs between groups

Guatemala, Kaqchikel community 0.13(0.03,0.23) 127/127(100.0) 40/46(87.0) 2,4 6vs7, 9 Combinedvs
separate*

Guatemala, Ladino community -0.01(-0.05,0.02) 155157 (98.7) 44/44(100.0) 2,4 6vs7,9 Combinedvs
separate*

MNetherlands -0.13(-0.20,-0.07) 135/160(84.4) 138/141(97.9) 3,4, 5vs6, 7 Separate®

Subtotal (I-squared =91.3%, p <0.001 < -0.01(-0.13,0.11)

| | \ | | | |
-4 -3 -2 -1 A 2 3

3dosesworse 3doses better

Combined —Hib vaccine mixed in same synnge as othervacanes, separate —Hibvaccine notgivenin same syringe as other vaccines{othervacdnesgiven at same or different time from Hib
vaccine.

1DTPboth groupsat2, 4, 6. Unclear ifaP orwP; 2 DTPboth groupsat1.5,2.5, 3.5. Unclear ifaP or wP. In one syringe with Hib vacane when Hib given; 3 DTaP-IPV/Hib both groups; 4 DTwP-
hepB/Hibat2 4 6 orDTwPat 2, 4, 6 and Hiband hepB separatelyat7, 9;5 DTwP-IPV both groupsat 3,4, 5




3p vs 2p, approx. 6m post primary,
1.0pg/ml, from RCTs

Risk diff (95% CI) n/N (%), n/N (%), Schedule, Ageat Formulation

3pgroup 2p group months sample,
months

PRP-T

Chile4 -0.03(-0.19,0.13) 40/75(53.3) 42/75(56.0) 2,4, 6vs4, 6 Separate

Niger1 0.08(-0.11,0.28) 28/37(75.7) 29/43(674) 15,25 3.5vs2.5, 35 Combined?
Sweden -0.05(-0.15,0.06) 19/115(16.5) 23/109(21.1) 2,4,6vs3,5 Combined?

Subtotal (I-squared=0.0%, p =0.523) -0.02(-0.10, 0.06)

PRP-HbOC
Chile4 0.03(-0.12,018) 23/70(32.9) 22/74(297) 2,4, 6vs4, 6 Separate!

Subtotal - I 0.03(-0.12,0.18)

PRP-T, vaccination-to-sampling interval differs between groups

Guatemala, Kagchikel community 0.08(-002,019) 121/127(95.3)40/46(870) 2 4 6vs7, 9 Combinedvs
separate*

Guatemala, Ladino community -0.11(-017,-0.06) 139/157 (88 .5)44/44 (1000) 2,4 6vs7,9 Combinedvs
separate*

Netherlands — -0.41(-0.51,-0.31) 64/160 (40.0) 114/141(80.9)34,5vs6, 7 Separate®

Subtotal (l-squared =96 6%, p <0.001) -=:Z_"_________ 1 -0.15(-042,012)

|
4 -3

3doses worse 3doses befter

Combined—Hib vaccine mixedinsame syringe as othervaccines; separate — Hib vaccine not givenin same syringe as other vaccines (othervacdnesgiven at same or differenttime from Hib vaccine.
1 DTPbothgroupsat2, 4, 6. UnclearifaPorwP; 2 DTP bothgroupsat1.5,25 3.5 UnclearifaPorwP. In one syringe with Hibvaccine when Hib given; 3 DTaP-IPV/Hib both groups; 4 DTwP-
hepB/Hibat2, 4 6orDTwPat 2, 4, 6 and Hiband hepBseparatelyat 7,9; 5 DTwP-IPV both groupsat 3,4, 5




3p vs 2p+1, 13 months of age,
1.0pg/ml, from RCTs

Riskdiff (35% CI) n/N(%), n/N (%), Schedule, Ageat  Assay Formulation
dpgroup  2p+tgroup  months sample,
months

Siweden -0.79(-0.67,-0.71) 19/115(16.5) 1041109(954) 2,4, 6vs3 0+Db12 13 Far  Combined'

Subtotal <> -0.79(-0.87,-0.71)

LT
-9-8-7T-6-50-4-3-2-10 12 3 4

3p worse ap better

Combined -Hib vaccine mixedinsame synnge as othervaccines; separate—Hib vaccine not given insame syringe as other vaccines (othervaccines given at same or different time from
Hibvaccine.

1DTaP-IPVIHib both groups




Figure 16: Seropositivity after 3p and 2p+1, 1
and 6 months after 3p and 1 month after 2p+1,
0.15ug/ml

Proportion Vaccine Formulation
seropositive

(95% Cl)

1 month after 3p
Chiles 099 (0 96, L4 Separate!
Niger1 098 (0 88, Combined:
Sweden 092 (0 86, 4 Combined:

6 months after3p

Chiled4 0.83(0.72, 2,4, PRP-HbOC Separate+
Chiled4 0.84(0.74, 2,4, PRP-T Separate+

Guatemala, Kagchikel community 1.00(0.97, 4 PRP-T Combinedvs
separates

Guatemala, Ladino community 0.99(0.95, 4 PRP-T Combinedvs
separate®

MNetherlands 0.84 (0.78, - PRP-T Separates
Niger1 0.97 {0.86, . PRP-T Combinedz
Sweden 0.80(0.72, 4 PRP-T Combineds

1 month after 2p+7
MNetherlands 0.98({0.94, B, Separates
Sweden 1.00{0.97, 3, Combined:

I I | I I I |
3 4 5 6 7 & 9

Proporion seropositive

Combined — Hibvaccine mixedinsame syringe as othervaccnes,; separate — Hib vaccine not givenin same syringe as other vaccines {othervacanes given at same or different
time from Hib vaccine.

1DTaP 2, 4 6bothgroups; 2 DTPbothhgroupsat1 5 25 35 UnclearifaPorwP. Inone syringe with Hib vaccdne when Hib givern; 3 DTaP-1IPVW/Hib both groups; 4 OT P both
groups at2 4 5. UnclearifaPorwP, S DTwP-hepB/Hibat2, 4 6 orDTwPat 2, 4 6 and Hiband hepBseparatelyat 7, 9; 86 DTwP-IPV both groupsat3,4, 5




Seropositivity after 3p and 2p+1, 1 and 6
months after 3p and 1 month after 2p+1,
1.0pg/ml, from RCTs

Proportion Ag Intended Vaccine Formul ation
seropositive schedule

(95% C1)

T month after3p
Chiled 0.96 (0 82 Sep arate’
MNiger1 0.89 (0.75 Combinedz
Sweden 0.67 (0.58 4, Combined?

6 months after 3p

Chiled4 033 (022 4 PRP-HbOC Sep arate*
Chiled4 053 (0 41 2.4 6 PRP-T Sep arate+

Guatemala, Kagchikel community 0.95 (0.90 4, PRP-T Combinedwvs
separate®

Guatemala, Ladino community 0.89 (0.82 4, PRP-T Combined vs
separate®
Netherlands 0.40 (0.32 4, PRP-T Sep arates

Niger1 076 (059 PRP-T Combined?
Sweden 0.17 (010 PRP-T Combined?

T month after2p+1
Netherlands 0.98 (0.94 6, 7+b13 Sep arates
Sweden 0.95 (0.90 3,5+b12 Combined:?

I [ | I [
3 4 5 86 T
Proportion seropositive

Combined— Hibvaccine mixedinsame syrnnge as othervaccines; separate — Hib vaccine not giveninsame syringe as other vaccines (o thervaccines givenat same or different
time from Hibvaccine.

1DTaP2, 4, 6 bothgroups; 2 DT Pbhoth groupsat 1.5, 2.5 3.5 UnclearifaP or wP. In one syringe with Hib vacdne when Hib given; 3 DTaP-IPV/Hibboth groups; 4 DTP both
groups at?2, 4 6 UnclearifaPorwP; 5DTwP-hepB/Hibat2, 4 6 or DTwPat 2, 4, 6 and Hiband hep Bseparatelyat 7, 9; 6 DTwP-1PV both groupsat3, 4, 5




Effect of the age at administration of the first
dose of Hib vaccines on selected outcomes

Type of studies | Evidence

Observational

Long term
impact




Birth doses

e Kurikka — PRP-T

e Ward — PRP-OMP
—0,2,6 vs 2,4,6 mths
— Lower levels in 0,2,6 persisted to 12 months of age



Filipino infants vaccinated at 6,10,14 weeks

Post dose 1 Post dose 2 Post dose 3

PRP-OMP

HbOC
PRP-T

Vaccine 1998;16:1004-8

Gambian infants vaccinated at 2,3,4 months

Post dose 1 Post dose 2 Post dose 3
PRP-OMP
PRP-T

PIDJ 1993;12:484-92 Vaccine 1996;14:905-9

PNG infants vaccinated at 1,2,3 months with PRP-T

Post dose 2 Post dose 3
GMT (ug/ml)

% > 1.0 ug/ml

PNG Med J 2001;44:6-16



Age at initiation: neonatal dose

TABLE 3. Anti-Hib PS Antibody Concentrations at 2 Days and 4 Months of Age According to PRP-T Immunization Status: no PRP-T
or PRP-T at 2 Days or at 2 Months of Age

At2d At4 mo Significance of the
Difference Between the
Groups at 4 mo

PRP-T PRP-Tat2d PRP-T at2d
at 2 mo} vs no PRP-T vs 2 mo

n 115 119

GMC of anti-Hib PS 0.34 0.11 P < 001§ P> 1|
Range 0.06-22.20 0.06-1.02

% >0.06 pg/mL 77 44 P < 001 P = 0019
% >0.15 pg/mL 66 28 P <.001y P> 019
% >1.0 pg/mL 20 2 P = 01tt P= 11t

* Reference 37 and our unpublished data.
t Groups A and B.

} Our unpublished data.

§ Kruskall-Wallis test.

| Student’s £ test.

1 Chi-square test.

11 Fisher's exact test.

Kurikka et al, Pediatrics, 1995, Finland
PRP-T at 2 days of age and at 2 months of age
Infants vaccinated in the neonatal period responded better to subsequent doses




Effect of the interval between primary doses
on selected outcomes

Type of studies | Evidence

Observational

Long term
impact




Immunization schedules with 2m vs 1m interval in
primary course, 1m post primary, 0.15pg/ml, from RCTs

Riskdiff(35%CI)  n/N (%), n/N (%), Schedule, Ageat  Assay Formulation

magroup imgroup months sample,
months

Belgium2 0.00(-0.04,004) 53/63(100.0)  49/49(100.0) 24,6vs3 4,5 Far  Separate'

France 001(-0.04,006) 148/158(93.7) 167/180(%92.8) 2,4,6vs2 34 ELISA Combined

Turkey 000(-0.03,003) 76/76(100.0)  76/76(100.0) 24,6vs3, 45 Tvs6  Far  Separate!

Subtotal (I-squared =0.0%, p =0.885) 0.00(-0.02,002)

2mintervalworse 2minterval better

Combined —Hib vaccine mixedinsame synnge as othervaccines: separate - Hibvaccine not givenin same syringe as other vaccines (othervacdnes given at same or different time from
Hibvaccine.
1DTaP at same time as Hib in separate syringe; 2 DTaP-hepB-1PV/Hib




Immunization schedules with 2m vs 1m interval in
primary course, 1m post primary, 1.0ug/ml, from RCTs

Riskdiff(95% CI)  n/N(%),
2mgroup

n/N (%), Schedule,
imgroup months

Assay Formulation

Belgium?2

France

Turkey

Subtotal (-squared=70.6%, p =0.033)

0.05(-0.17,0.07)  46/53(86.9)

011(0.01,021)  116/158(73.4)

001(-0.04,007)  74/76(97.4)

0.03(-0.07,0.12)

45/49(91.8)  2,4,6vs3,4,5

1121180 (62.2) 2,4 6vs2 3,4 Tvsod

7376(96.1)  2,4,6vs3,4,5

Farr  Separate!

ELISA Combined?

Farr  Separate!

2minterval worse

2minterval better

Combined-Hibvaccine mixed in same synnge as othervacdnes; separate —Hib vaccine notgiven in same syringe as other vaccines (othervaccines given at same or different time from

Hib vaccine.

1DTaP at sametime as Hibin separate syringe; 2 DTaP-hepB-IPV/Hib




Immunization schedules with 2m vs 1m interval in
primary course, 1m post booster, 0.15ug/ml, from RCTs

Risk diff (95% CI) n/N (%), nIN (%), Schedule, Ageat Assay  Formulation
2mgroup Imgroup ~ months sample,
months

PRP-T

France 0.01(-0.01,0.02) 167/167(100.0) 171/172(994) 2,4,6+b15-17vs2,3,4+b15-17 16-18 ELISA  Combined:

Subtotal 0.01(-001,002)

403 -2 -1 0 1 2 3 4

2minterval worse 2minterval better

Combined-Hibvaccine mixed in same syringe as othervaccines; separate - Hib vaccine not givenin same syringe as other vaccines (othervaccines given atsame or differenttime
fromHibvaccine.

1DTaP-hepB-IPV/Hib




Immunization schedules with 2m vs 1m interval in
primary course, pre-booster, 1.0pg/ml, from RCTs

Risk diff(35% Cl) ~ n/N (%), n/N (%), Schedule, Ageat  Assay Formulation
2mgroup imgroup months sample,
months

PRP-T vaccination-to-sampling
intervaldiffers between groups

France ' 008(-0.16,0.01) 120155(774) 1401164(85.4) 2.4,6vs2,3,4 1517  ELISA Combined'

Subtotal -0.06(-0.16,0.01)

2minterval worse 2minterval better

Combined -Hib vaccinemixedinsame syringe as oihervaccines; separate— Hibvaccine notgiveninsame syringe as other vaccines (othervaccanes givenatsame or different time from
Hibvaccine.

1DTaP-hepB-IPVHib




Immunization schedules starting later vs earlier start,
1m post primary, 0.15pug/ml, from RCTs

Risk diff (95% CI)  n/N (%), n/N (%), Schedule, Formulation
|ate start early start months

PRP-T
Belgium?2 0.00(-0.04,0.04) 49/49(100.0) 53/53(100.0) 3,4,5vs2 4,6 Separate’
Chinat 0.01(-0.01,0.04) 237/239(99.2) 251/257(97.7) 3,4,5vs2, 3 4 Combined?
China2 0.02(-0.01,0.06) 155/157(98.7) 142/147(96.6) 3,4,5vs2, 3,4 Combined?
Turkey 0.00(-0.03,0.03) 76/76(100.0) 76/76(100.0) 3,4,5vs2 4,6 Separate’

Subtotal (I-squared =0.0%, p = 0.626) 0.01(-0.00,0.02)

PRP-OMP
Gambia1 0.00(-0.12,013)  47/56(83.9) 71/85(83.9) 2,4vs1, 3 Separate?

Subtotal 0.00(-0.12,0.13)

late startworse late start better

Combined —Hib vaccinemixedin same synnge as othervaccines; separate — Hibvaccine not giveninsame syringe as other vaccines (othervaccines givenat same or different time from Hib
vaccine.
1DTaP at same time as Hib in separatesyringe; 2D TaP-IPV/Hib; 30PVgivenat1,2 3 4m and BCG at 1m in both groups




Immunization schedules starting later vs earlier start,
1m post primary, 1.0ug/ml, from RCTs

Risk diff (95% CIl)  n/N (%), n/N (%), Schedule, Ageat  Assay Formulation
late start earlystart  months sample,
months

PRP-T

Belgium2 0.05(-0.07,0.17)  45/49(91.8) 46/53(86.8) 3,4,5vs2,4,6 Separate!

Turkey -0.01(-0.07,0.04)  73/76(96.1) 74/76(97.4) 3,4,5vs2, 4,6 Separate!

Subtotal (I-squared=14.6%, p =0.279) 0.00(-0.06, 0.06)

PRP-OMP

Gambial 0.07(-0.10,0.23)  34/56(60.7) 46/85(54.1) 2,4vs1,3 Separate?

Subtotal 0.07(-0.10,0.23)

-4 -3 -2 -1 0 1 2 3
late startworse late start better

Combined - Hib vaccine mixed in same syringe as othervaccines; separate — Hib vaccine not given in same syringe as other vaccines (othervaccinesgiven at same or different time from Hib
vaccine.
1DTaP at sametime as Hibin separate syringe; 2 OPV givenat1,2, 3, 4m and BCG at 1m in both groups




Immunization schedules starting later vs earlier start,
pre-booster, 0.15ug/ml, from RCTs

Risk diff (95% Cl) n/N (%), n/N (%), Schedule, Ageat Assay Formulation
late start early start months sample,
months

FRP-T, vaccination-to-sampling interval
differs between groups

China1 0.00(-0.01,0.02) 233/233(100.0) 251/252(99.6) 3.4, 5vs2 3,4 1820 ELISA Combined'

Netherlands 0.13(007,020) 138/141(97.9) 135/160(84.4) 6,7vs3, 4,5 M ELISA Separate?

Subtotal (I-squared=98.8%, p <0.001) < 0,07 (-0.22,0.35)

PRP-OMF, vaccination-to-sampling interval
differs befween groups

Gambia 0.06(-0.12,023) 34/54(63.0)  40770(57.1) 2.4vs1,3 18 Far  Separate®

Subtotal 0.06(-0.12,0.23)

| | I I | |
-3 -2 -1 A 2 3
|ate startworse late start better

Combined-Hibvaccinemixedin same syringe as othervaccines; separate - Hib vaccine not given in same syringe as other vaccines (othervaccines given at same or different time from Hib
vaccine,
1DTaP-IPV/Hib; 2 DTwP-IPVboth groups at3,4,5; 3 OPV given at1, 2, 3, 4dmand BCGat Im in both groups




Immunization schedules starting later vs earlier start,
pre-booster, 1.0png/ml, from RCTs

PRP-T, vaccination-to-sampling interval differs
between groups

Chinal

Netherlands

Subtotal (I-squared=97.4%, p <0.001

PRP-OMP, vaccination-to-sampling interval differs
between groups

Gambial

Subtotal

-2 -1

late startworse

3

4

|ate start better

Risk diff (95% CIn/N (%), n/N (%), Schedule, Ageat Assay Formulation
late start early start months sample,
months

0.01(-0.07,0.09)174/233(74.7) 186/252(73.8) 3,4,5vs2,3,4 18-20 ELISA Combined!

0.41(0.31,0.51) 114/141(80.9) 64/160(40.0) 6,7vs3,4,5 11  ELISA Separate?

0.21(-0.18,0.60)

-001(-0.17,0.14)4/54(25.9)  19/70(27.1) 2,4vs1,3 18  Far Separate’

-0.01(-0.17,0.14)

Combined - Hib vaccine mixedin same syringe as othervaccines; separate — Hib vaccine not given in same syringe as other vaccines (othervaccines given at same or different time from Hib
vaccine.
1DTaP-IPV/Hib; 2DTwP-IPVboth groups at 3,4, 5; 3 OPVgiven at1,2, 3, 4m and BCG at 1m in both groups




Immunization schedules starting later vs earlier start,
1m post booster, 0.15ug/ml

Risk diff (5% Cl) n/N (%), n/N (%), Schedule, Formulation
late start early start months

0.00(-0.02,0.02) 125125(100.0) 132/132(100.0) 3,5, 7 +b12vs2 4,6 +b12 Separate!

0.00(-0.01,0.01) 232/232(100.0) 250/250 (100.0) 3,4, 5+b18-20vs2 3, 4 +b16-20 - Combined?

Netherlands i -0.02(-0.04,0.01) 121123(96.4) 198/156 (100.0) 6,7 +b13vs3, 4, 5 +b11 ELISA  Separate?

subtotal (I-squared=11.5%,p =0.323) -0.00(-0.01,0.01)

late startworse |ate start better

Combined- Hibvaccine mixedinsame syninge as othervaccines separate — Hib vaccine notgiven in same syringe as other vaccines (othervacdnes given atsame ordifferentime from Hib
vaccine.
1DTaP2, 4, 6 both groups; 2 DTaP-IPV/Hib; 3 DTwP-IPV both groupsat 3,4, 5




Immunization schedules starting later vs earlier start,
1m post booster, 1.0pg/mi

Risk diff (95% CI) n/N (%), n/N (%), Schedule, Ageat Assay Formulation
late start early start months sample, months

Chiled 1 0.01(-001,0.03) 125M125(100.0) 131132(99.2) 3,5 7+b12vs2 4,6+Db12 13 Farr  Separate'

0.00(-0.01,0.01) 232/232(100.0) 250/250(100.0) 3,4,5+Db18-20vs 2 3, 4 +b18-20 19-21 ELISA Combined?

Netherlands 0.00(-0.03,003) 121123(984) 155/156(98.1) 6,7+b13vs3 4, 6+Dbi1 14vs 12 ELISA Separate®

Subtotal (-squared=0.0%,p=0732) 0.00(-0.01,001)

| | | |
43 -2 -1 0

late start worse late start befter

Combined-Hibvaccine mixed in same synnge as othervaccines; separate— Hib vaccine notgiveninsame syringe as other vaccines (othervaccines given at same or different time from Hib
vaccine.
1DTaP2, 4,6 both groups; 2DTaP-IPV/Hib; 3DTwP-IPVboth groupsat3, 4,5




Effect of the interval between last primary dose and the booster
dose of Hib vaccines on selected outcomes

Type of studies | Evidence

Observational

Long term
impact




Long vs short interval between primary and booster,
1m post-booster, 0.15pug/ml, from RCTs

Risk diff(95% CI) n/N n/N Schedule, Age at Formulation
(%), longer (%), shorter sample, months
intervalgroup intervalgroup  months

PRP-T
Canada 0.00(-0.02,0.02) 80/80(100.0)  84/84(1000) 2,4 6+b18vs2, 4 6+b15 19.5vs 165 Combined'
Canadad 0.02(-0.01,0.05) 153/155(987) 156/161(969) 2,4 6+b18vs2 4, 6+b15 19vs 16 Combined?
Chile5 0.00(-0.02,0.02) 132/132(100.0) 125/125(100.0) 2,4, 6+b12vs 3,5, 7 +b12 13 Separate?
Chinaft 0.00(-0.01,0.01) 250/250(100.0) 232/232(100.0) 2,3, 4 +b18-20vs3,4, 5+b1820 19-21 Combined:
Europe 0.00(-0.01,0.01) 177477 (100.0) 173A73(100.0) 3p+b13vs 3p + b12 14vs 13 Combineds
France _0.01(-0.02,0.01) 171/172(994)  167/167(100.0) 2,4, 6+b1517vs2 3,4 +b15:17 16-18 Combineds

Subtotal (I-squared =0.0%, p =0.804) 20.00(-0.01,0.01)

PRP-T b15vs bi2
Canadat 0.00(-0.02,0.02) 84/84(100.0) 86/86 (100.0) 2,4, 6+b15vs2,4,6+b12 16.5vs13.5 Combined!
Subtotal 0.00(-0.02,0.02)

PRP-T. b18vs b12
Canadat 0.00(-0.02,0.02) 80/80(100.0) 86/86 (100.0) 2,4, 6+b18vs2, 4,6 +Db12 Combined!
Subtotal 0.00(-0.02,0.02)

| | | | | | |
-4 -3 -2 -1 1 2 3

longer intervalworse longer interval better
Combined - Hib vaccine mixed insamesyringe as other vaccines; separate —Hib vaccine not giveninsame syringe as other vaccines (othervacadnes givenatsame ordifferent time from
Hib vaccine.
1 DTP-IPV/Hib. Notstated ifaP orwP. MMR given separately at 12m; 2 DTaP-IPV/Hib. PCVT given atthe sametime but separateto othervaccines; 3 DTaP 2, 4, 6 both groups; 4 DTaP-
IPV/Hib; 5 DTaP-hepB-IPV/Hib. Men ACWY givenat 12min both groups; 6 DTaP-hepB-1PV/Hib




Long vs short interval between primary and booster,
1m post-booster, 1.0png/ml, from RCTS

Riskdiff(95% CI) n/N n/N Schedule, Age at Assay Formulation
(%), longer (%), shaorter months sample, months
intervalgroup intervalgroup

PRP-T
Canadat 005(-000,0.10) 80/80(1000) 80/84(952) 24,6 +b18vs2 4, 6+b15 195vs165 Farr  Combined!

Canada3 0.01(-0.01,0.02) 358/361(99.2) 368/374(96.4) 3p +b17/18 vs3p +b15/16 18/19vs16/17 Farr  Combined?

Chiled -0.01(-0.03,0.01) 131/132(99.2) 125/125(100.0) 2, 4,6 +b12vs 3,5, 7 +b12 13 Farr  Separate®

China1 0.00(-0.01,0.01) 250/250 (100.0) 232/232(100.0) 2,3,4 +b18-20 vs 3,4, 5+b18-20 19-21 ELISA Combined?
Europe -0.01(-0.04,0.02) 172/177(97.2) 170/173(98.3) 3p +b13 vs 3p+Db12 14vs 13 ELISA Combineds
France 0.00(-0.03,0.03) 169/172(98.3) 164/167(98.2) 2 4,6+b15-17vs2,3, 4+b15-17 16-18 ELISA Combined?

Subtotal I-squared = 13.7%, p = 0.327) 0.00(-0.01,0.01)

PRP-T, b1bvshbi12
Canadat -0.02(-0.08,0.03) 80/84(95.2) 84/86 (97.7) 2,4, 6+b15vs2 4, 6+Db12 16.5vs 13.5 Combined’
Subtotal -0.02(-0.08,0.03)

PRP-T, b18vsb12
Canadat 0.02(-0.02,0.06) 80/80(100.0) 84/86(97.7) 2,4 6+b18vs2 4, 6+Db12 195vs 13.5 Combined’
Subtotal 0.02(-0.02,0.06)

| | |
A 2 3

longer intervalworse longer interval better

Combined— Hib vaccine mixed in same syringe as othervacanes; separate — Hib vaccine not givenin same syringe as other vaccines (othervacanes given at same or differenttime from
Hibvaccine.

1 DTP-IPV/HIib. Not stated ifaP orwP. MMR given separatelyat12m; 2DTaP-IPV/Hib; 3DTaP 2, 4, 6 both groups; 4 DTaP-IPV/Hib; 5 DTaP-hepBdPV/Hib. Men ACWY givenat12min
both groups; 6 DTaP-hepB-IPV/Hib




Vaccination of children living in emergency settings

Type of studies | Evidence

Observational

Long term
impact




Table 1. Hib vaccine effectiveness

Hib invashe
dizease type
Al invase
dizease
Al invasive
dizease

Meningitis

HIV prevalence

Sefting and
year
Soweto,
GA°
SOWelD,

SA

e :F-I' --1 ---1

I— .| r_r-----r—:rr-r-1 I:I';

L=

f (2 ormore doses) HibCY in HIV-nfected chidren.

Study type/source of data

Before/after study 1997-2000,
research cohorts [26]
Extension of above before/after
study 1957-2004 [31]
Case—control 2003-2005.
Controls hosp with Spn
meningitis [32]

o b i RE
- e e i

VE HIV

VE overs
uninfected

(74 4-

Mangtani P et al 2010




tudies of immunogenicity of primary Hib

Vaccine type

Setting, year

Schedule

Study population®

Time since dose, % anti-PRP antibodies =1 pg/ml

Short term

Long term

Relationship to HIV
progression

HibOC [36]

HROC [37]

HBOC al [40]

HbOC [20]

PRP-CRM I [31]°

PRP-T[28]

Baltimore, USA, 1000-1993

Philadelphia, USA,
1990-1994

MNew York, USA, 1990-1995

Various US cities «Puerto
Rico, 1990-1996

Soweto, 5A, 1998-2000

Greece, 2001-2002

2,4 and 6 months of age

2,4 and 6 months +booster
at 15 months

2,4 and 6 months +booster
at 24 months (n=16)

2 doses 2 months apart if
12-14 months of age (n=-2)
2.4 and 6 months +booster
at 12-18 months

6. 10and 14 weeks

Primary immunisation at
usual age not clear if in
both groups or only
controls

23 HIV infected

11 asymptomatic
12 symptomatic
24 uninfected

39 HIV infected
20 HIV uninfected

18 HIV infected

35 HIV infected
192 uninfected

GG HIV infected-no ARTs

127 uninfected

9 HIV infected
7 on ARVs

9 Beta-Thalassaemia pis

3 months

82
33
71

Before booster

46%
T9%

Before booster dose

28%

Before booster

T4E
73%

At 1 month

55%
953%

4 months after booster

63%=1 pg/ml
TEE 1 pg/ml

4 months after booster

45%

At 24 months age after
booster

76%
82%

At median age 97 months

Lower response if
symptomatic at 1 year of
age

Numbers too small to
examine relationship with
HIV disease severity

Mild or asymptomatic HIV
more likely to have good
antibody responses

No relationship with HIV
disease severity but
numbers small

Those with mild disease
more likely to have good
response

All clinical stage B (7) or C
{2]. No details given

3 If ARVs used this is noted, otherwise children were not on ARV,

t Also noted GMC titre needed to be higher in HIV infected of, uninfected for 50% reduction in viability of Hib colony count. Also noted anti-Hib serum bactericidal antibodies titres =1:8 in 76.1% of 57 HIV-infected children not

on ARTS cf. 97 2% with antibodies >1:8 in 102 uninfected children,
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The epidemiology of Hib disease in
HIV-infected children

Immune suppression associated with HIV infection increases the risk of serious bacterial infections,

In a South African hospital setting, HIV infection increased the risk of Hib-related bacteraemic pneumonia by more than 20 times, and
the risk of S. pneumoniae by more than 40 times also seen as the major causes of invasive disease in HIV-infected children in Zimbabwe
and Rwanda. Bacterial disease is the most common presentation of acquired immunodeficiency syndrome (AIDS) in HIV-infected
children not on ART

Clinically, HIV-infected children are more likely to present with bacteraemic Hib pneumonia than Hib meningitis

Compared to HIV-uninfected children, the risk of developing Hib meningitis is only slightly higher in HIV-infected children. However, its
severity is increased: severe neurological sequelae in survivors were seen in 5/7 (71%) HIV-infected children compared to 7/30 (33%)
HIV-uninfected children. HIV-infected children with Hib meningitis are also more likely to have concurrent pneumonia and local
infections such as otitis media, mastoiditis or sinusitis together with malnutrition. In a Malawian hospital setting, presentation of any
bacterial meningitis was also more likely to include shock if the child was HIV-infected

The only well-defined data on the incidence of Hib disease in HIV-infected children in the absence of vaccination comes from a South
African pneumococcal vaccine efficacy trial . The risk of bacteraemic Hib pneumonia was higher in HIV-infected children as compared to
uninfected children, with a relative risk of 18 (95% Cl 6.9—47.1) in HIV-infected children less than 1 year [26] and [19] and an overall 5.9-
fold (95% Cl 2.7—-12.6) increased risk of invasive Hib disease [26]. The additional burden of Hib pneumonia attributable to HIV was 822
per 100,000 among HIV-infected under 1 year olds (870 vs. 48 cases per 100,000 were seen in HIV-infected compared to uninfected
children) [19]. The risk of Hib meningitis with HIV infection was 1.74 (0.23-13.2) fold higher in under 1 year olds but with confidence
intervals that included one.

In unvaccinated developing country populations, over 80% of childhood Hib cases occur before the age of 2 years. In contrast, Hib
disease tends to infect HIV-infected children at older ages. In a South African study, 5/19 HIV-infected children with bacteraemic Hib
pneumonia were over 2 years of age, compared to none of the HIV-uninfected children. Similar age patterns were observed for Hib
meningitis (2/8 children vs. 1/36 children; respectively ); possibly because of continuing susceptibility resulting from progressive
immunosuppression with age



	What are the optimal immunization schedules for Haemophillus influenzae type b vaccines (Hib) for children living in different epidemiological settings?
	�Effect of number of doses of Hib vaccine on invasive Hib disease�
	�Effect of number of doses of Hib vaccine �on Hib meningitis�
	�Effect of number of doses of Hib vaccine �on radiologically confirmed pneumonia�
	Hib carriage, all available schedules (The Gambia)
	Immune Response
	�Effect of number of doses of Hib vaccine �on serologic response (anti PRP antibodies > 1.0 ug/ml)�
	Invasive Hib disease by age group, 1990-2011�England and Wales, HPA Centre for Infections
	Slide Number 9
	Age at First dose
	Effect of age at administration of first dose of Hib vaccine on serologic response – no difference between 6 wks vs 8 wks 
	Effect of the interval between primary doses of Hib vaccine on selected outcomes - Observational studies
	Effect of the interval between primary doses of Hib vaccine on serologic response, > 1.0 ug/ml
	Effect of the interval between last primary dose and booster dose of Hib vaccine on serologic response – 1 mo after booster
	Slide Number 15
	Hib vaccine in emergency settings - Evidence from relevant observational studies�
	Decline  of reported Hib meningitis cases after Hib vaccine use in toddlers in the USA, 1980-1991
	Slide Number 18
	Additional slides
	Limitations of the evidence ��Number of doses of Hib vaccine�(T) Clinical and carriage data: no direct RCTs with comparisons within individual trials between these 2 schedules. Studies randomizing to 2p schedules are PRP-OMP, and those to 3p are PRP-T and PRP-HbOC. �(O) Limited control for confounding (particularly in cohort studies).�(L) There is no direct comparison of the two schedules.  Few countries use a 2p+1 schedule.  Comparisons must be made between countries which may result in confounding.  Comparisons are difficult because there are no long term data from developing countries using a 2p+1 schedule and few developing countries are using a booster dose at all.  Also, no industrialized countries reviewed are currently using a 3p schedule.  Likely long term effectiveness must be inferred from immunogenicity and efficacy data.  Reasons for increases in incidence in countries using 3p are not known.   There are no impact data on use of a booster dose prior to 11 months of age.  ��Age at first dose�(T) Clinical and carriage data: no data. Immunological data: Only PRP-T and PRP-OMP in comparisons of seropositivity. Few data about birth dose and conclusions about birth dose differ depending on control group used (e.g. Lieberman 1995, HbOC )�(O) Studies mainly reported intended schedules rather than actual age at vaccination. Limited range in intended age at first dose (6 weeks, 2 months or 2-5 months).�The one study with intended age at initiation of 6 weeks and relatively low three-dose VE (83%) was carried out in a population with a high prevalence of HIV infection.�(L) There is limited variability in first dose timing in currently used schedules.  Developing countries recommend the first dose at 6 or 8 weeks.  Industrialized countries recommend the first dose mainly at 8 weeks with a few at 12 weeks.  Hib continues to cause disease in all countries reviewed, with incidence highest in the first year of life.  This suggests ongoing risk in young infants. No clear evidence of the superiority of either schedule.��
	What are optimal immunization schedules for Haemophillus Influenzae type b vaccines (Hib) for children living in different epidemiological settings?
	Slide Number 22
	Invasive Hib disease, intention to treat analyses, all available schedules, from RCTs 
	Invasive Hib disease, per protocol analyses, all available schedules, from RCTs
	Estimates of effectiveness of 3 doses of Hib vaccine against invasive Hib disease, from cohort studies
	Estimates of effectiveness of 3 doses of Hib vaccine against invasive Hib disease, from case-control studies
	Slide Number 27
	Effect of number of doses of Hib vaccine �on probable bacterial meningitis
	Effect of number of doses of Hib vaccine �on aetiology negative meningitis
	Estimates of effectiveness of 3 doses of Hib vaccine against confirmed Hib meningitis, from case-control studies
	Slide Number 32
	Pneumonia, per protocol analyses, �all available schedules, from RCTs
	Estimates of effectiveness of 3 doses of Hib vaccine against radiologically confirmed pneumonia, from case-control studies
	Pneumonia, intention to treat analyses, all available schedules, from RCTs
	Slide Number 36
	Slide Number 37
	3p vs 2p, approx. 1m post primary,  �0.15µg/ml, from RCTs
	3p vs 2p,  approx. 1m post primary,  �1.0µg/ml, from RCTs
	3p vs 2p, approx.  6m post primary,  �0.15µg/ml, from RCTs
	3p vs 2p, approx. 6m post primary,  �1.0µg/ml, from RCTs
	3p vs 2p+1, 13 months of age,  �1.0µg/ml, from RCTs
	Figure 16: Seropositivity after 3p and 2p+1, 1 and 6 months after 3p and 1 month after 2p+1, 0.15µg/ml
	Seropositivity after 3p and 2p+1, 1 and 6 months after 3p and 1 month after 2p+1, 1.0µg/ml, from RCTs
	Slide Number 45
	Birth doses
	PNG infants vaccinated at 1,2,3 months with PRP-T
	Age at initiation: neonatal dose
	Slide Number 49
	Immunization schedules with 2m vs 1m interval in primary course, 1m post primary,  0.15µg/ml, from RCTs
	Immunization schedules with 2m vs 1m interval in primary course, 1m post primary,  1.0µg/ml, from RCTs
	Immunization schedules with 2m vs 1m interval in primary course, 1m post booster,  0.15µg/ml, from RCTs
	Immunization schedules with 2m vs 1m interval in primary course, pre-booster,  1.0µg/ml, from RCTs
	Immunization schedules starting later vs earlier start, �1m post primary,  0.15µg/ml, from RCTs
	Immunization schedules starting later vs earlier start, �1m post primary, 1.0µg/ml, from RCTs
	Immunization schedules starting later vs earlier start, pre-booster,  0.15µg/ml, from RCTs
	Immunization schedules starting later vs earlier start, pre-booster,  1.0µg/ml, from RCTs
	Immunization schedules starting later vs earlier start, 1m post booster,  0.15µg/ml
	Immunization schedules starting later vs earlier start, 1m post booster,  1.0µg/ml
	Slide Number 60
	Long vs short interval between primary and booster, �1m post-booster,  0.15µg/ml, from RCTs
	Long vs short interval between primary and booster, 1m post-booster,  1.0µg/ml, from RCTS
	Slide Number 63
	Slide Number 64
	Slide Number 65
	The epidemiology of Hib disease in �HIV-infected children

