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Original article

Australian vaccine preventable disease 
epidemiological review series: invasive 
Haemophilus influenzae type b disease, 
2000–2017
Julia E Maguire, Frank Beard, Kelley Méder, Aditi Dey, Kristine Macartney, Peter McIntyre

Abstract

Introduction

Invasive Haemophilus influenzae type b (Hib) disease is rare in Australia following vaccine introduc-
tion in 1993. Two deaths in vaccinated children in 2017, and the Hib booster dose moving from age 12 
months to 18 months in 2018, prompted this review.

Methods

Hib Case Surveillance Scheme 2000–2017 data were used to calculate incidence, incidence rate ratios 
(IRR) and vaccine failure (VF) trends. We used denominators from the Australian Immunisation 
Register to calculate incidence in immunised and unimmunised children.

Results and Discussion

All-age national invasive Hib disease incidence halved from 0.13 per 100,000 population in 2000 to 
0.06 in 2017. Of 345 cases notified in 2000–2017, 153 were born post-2000, with 51 (33%) Aboriginal 
and Torres Strait Islander (Indigenous), and compared with non-Indigenous children IRR was 8.34 
(95% CI: 5.83–11.79), with no evidence of decrease. Overall case fatality rate was 12.4% (19/153); 6 
cases had underlying medical conditions. The overall incidence of invasive Hib disease was over 8 
times higher (16.6 per 100,000) in children with no recorded doses than in children with ≥1 vaccine 
dose (1.9 per 100,000). VF criteria were met in 65/145 (45%) cases aged >8 weeks, of whom 7 (11%) were 
immunocompromised and 6 (9%) died, with no evidence of VF increase over time.

Conclusion

Overall, invasive Hib disease incidence declined by 55% from 2000 to 2017, but marked disparity 
persists between Indigenous and non-Indigenous children. Following moving the fourth dose from 12 
to 18 months in 2018, monitoring of 3-dose VFs will be important, especially in Indigenous children.

Keywords: Haemophilus influenzae type b, vaccine failure, immunisation, vaccine preventable dis-
ease, epidemiology, surveillance
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Introduction

Haemophilus influenzae type b (Hib) is a gram-
negative bacterium transmitted via the inhala-
tion of respiratory droplets.1 Hib can cause 
invasive disease which may present clinically as 
meningitis, epiglottitis, cellulitis, pneumonia, 
septicaemia or septic arthritis.1 The case fatal-
ity rate (CFR) for Hib meningitis in developed 
countries is at least 3%, and 15–30% of survivors 
are left with permanent neurological sequelae.1,2

Hib vaccine was funded for young children 
under the National Immunisation Program 
(NIP) in April 1993 and extended to include 
catch-up for all children less than 5 years of 
age in July 1993. Hib vaccines had been avail-
able for private purchase from 1992. The Hib 
vaccine does not protect against non-type b 
Haemophilus influenzae serotypes (a, c, d, e and 
f) or non-typeable strains. In the pre-vaccine 
era, Hib was the most common cause of bacte-
rial meningitis in children aged <5 years and 
responsible for almost all cases of epiglottitis, a 
life-threatening airway obstruction, with more 
than 500 invasive Hib cases in children aged <5 
years each year.3 The incidence of invasive Hib 
disease in children aged <5 years was up to ten 
times higher (up to 580 per 100,000 population) 
in Aboriginal and Torres Strait Islander chil-
dren than non-Indigenous children (40–60 per 
100,000).4 By 2010, all-age invasive Hib disease 
incidence decreased to 1.4 per 100,000 popula-
tion for Aboriginal and Torres Strait Islander 
people and 0.07 per 100,000 population for non-
Indigenous people.5

In non-Indigenous children, the Hib vaccine ini-
tially used in the NIP was HbOC (PRP [capsular 
polysaccharide polyribosyl-ribitol phosphate] 
conjugated to a mutant diphtheria toxin carrier 
protein) administered at 2, 4, 6 and 18 months 
of age. In Aboriginal and Torres Strait Islander 
children, who had a high incidence before 6 
months of age, PRP-OMP (PRP conjugated to 
the outer membrane protein [OMP] of Neisseria 
meningitidis serogroup B) was given at 2, 4 and 
12 months, as it yielded potentially protective 
antibody levels from the first dose onwards.4,6,7 

Following introduction of universal hepatitis B 
vaccine to the NIP from early 2000, a combina-
tion PRP-OMP/hepatitis B vaccine was used for 
all children. From late 2005, PRP-T (PRP conju-
gated to tetanus toxoid carrier protein) vaccine 
replaced PRP-OMP in some states in a hexa-
valent formulation (Infanrix hexa® at 2, 4 and 
6 months of age with a booster at 12 months), 
and since late 2009 has been the sole Hib vaccine 
used in the NIP. Further detail on Hib vaccine 
schedules over time is provided in Appendix 1.

In 2017, two deaths from invasive Hib disease 
in vaccinated children prompted this review of 
age-specific invasive Hib disease incidence and 
vaccine failures. This was also timely due to 
the changed timing of the Hib booster dose on 
the NIP from 12 months to 18 months of age, 
required to accommodate new vaccines at the 
12 month schedule point. This is the first com-
prehensive review since the widespread use of 
PRP-T vaccine commenced in 2005, except for 
limited data to 2013.4,7

Methods

Data sources

Invasive Hib disease is notifiable in Australia 
under state and territory public health legisla-
tion, with notifications of confirmed invasive 
Hib disease reported to state and territory health 
departments and then to the National Notifiable 
Diseases Surveillance System (NNDSS). National 
enhanced surveillance data on NNDSS cases are 
collected via the Hib Case Surveillance Scheme 
(HCSS), managed by the National Centre for 
Immunisation Research and Surveillance. 
Cases notified between 1 January 2000 and 31 
December 2017 were extracted from the HCSS 
enhanced dataset (including all NNDSS data 
fields) on 31 October 2018. Population-level Hib 
vaccination coverage data were extracted from 
the Australian Immunisation Register (AIR).
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Data definitions

Notifications

Case definitions for confirmed invasive Hib 
disease differed slightly over the period studied. 
Pre-2004, a confirmed case required a clinically 
compatible illness as well as isolation of Hib from 
blood, or detection in a specimen from a sterile 
site of Hib antigen, or of bacteria of compatible 
appearance which failed to grow in culture. 
From 2004 to 30 June 2014, a confirmed case 
required laboratory definitive evidence, defined 
as isolation of Hib from a normally sterile site 
with typing confirmed at an approved reference 
laboratory, or detection of Hib antigen in cere-
brospinal fluid with other laboratory parameters 
consistent with meningitis. This was amended 
from 1 July 2014 to isolation or detection of Hib 
from a normally sterile site with typing con-
firmed at a jurisdictional or regional reference 
laboratory.8,9 The full case definitions used over 
the period are provided in Appendix 2.

Vaccination status

To be considered valid, doses of vaccine had to 
be given at least 14 days before disease onset. A 
case was defined as ‘unimmunised’ if no doses 
of Hib vaccine had been received ≥14 days prior 
to onset. A case aged <12 months was defined 
(in accordance with the age specific immunisa-
tion schedule requirement) as ‘fully immunised’ 
if they had received a full primary course of the 
relevant vaccine i.e. 2 doses of PRP-OMP or 3 
doses of PRP-T or HbOC ≥14 days prior to dis-
ease onset. A case aged ≥12 months was defined 
as ‘fully immunised’ if they had received any of 
the following schedules ≥14 days prior to disease 
onset: (a) a full primary course and a booster 
dose at ≥12 months of age (3 doses of PRP-OMP 
or 4 doses of HbOC or PRP-T); (b) 1 dose of 
any Hib vaccine at 12–14 months of age with 
a booster dose ≥2 months later; or (c) 1 dose of 
any Hib vaccine at ≥16 months of age. All other 
cases, where vaccination status was known, were 
classified as ‘partially immunised’.4

Vaccine failures

Vaccine failures were assessed using a simplified 
case definition below (Box 1).

Box 1. Haemophilus influenzae type b (Hib) 
vaccine failure case definition

First Hib vaccine doses before 16 months: 
Confirmed case who has received 3 doses 
of PRP-T or HbOC-containing vaccine, or 
2 doses of PRP-OMP-containing vaccine, 
the first at ≥6 weeks of age, with minimum 
interval of ≥28 days between doses and last 
dose ≥14 days prior to disease onset.

OR

First Hib vaccine dose after 16 months: 
Confirmed case who has received 1 dose of 
any Hib-containing vaccine at ≥16 months of 
age and ≥14 days prior to disease onset.

Data analysis

Notification rates were calculated using the mid-
year estimated resident populations released by 
the Australian Bureau of Statistics (ABS) for 
2000–2016 and population projections for 2017.10 
Aboriginal and Torres Strait Islander popula-
tion estimates for 2001–2016 and projections for 
2017 were also provided by the ABS. Data on 
Hib cases of any age notified between 1 January 
2000 and 31 December 2017 were analysed, with 
more detailed sub-analyses focusing on cases 
who were born from 1 January 2000 onwards 
i.e. in the PRP-OMP and PRP-T vaccine eras, 
and those aged 12–17 months due to the vaccine 
schedule change. Time between the last vaccine 
dose received by a case and the date of disease 
onset was also analysed.

Notification rates and incidence rate ratios 
(IRR) were calculated by age, vaccine era (as 
per Appendix 1: Era 1 [2000–2005], Era 2 
[2006–2009] and Era 3 [2010–2017]), vaccine 
type, number of doses received, jurisdiction and 
Aboriginal and Torres Strait Islander status. 
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Calculation of IRR and confidence intervals 
(CIs) used the Poisson distribution for counts. 
Case fatality rates were also calculated. Medical 
risk factors were categorised into groups: immu-
nocompromised (combining cases reported to 
have immunosuppressive conditions and/or 
receiving immunosuppressive drugs); splenec-
tomy; congenital abnormality; premature birth; 
and other; with all combined into an ‘any risk 
factor’ category.

The number of Hib cases born from 1 January 
2000 onwards who had received ≥1 dose of 
PRP-OMP, ≥1 dose of PRP-T, or no doses of 
Hib vaccine, was calculated by Aboriginal and 
Torres Strait Islander status. To provide a crude 
estimate of relative incidence by vaccination 
status, cases were divided by the number of 
individuals born from 1 January 2000 onwards 
recorded on the AIR as having received ≥1 dose 
of PRP-OMP, ≥1 dose of PRP-T, or no doses of 
Hib vaccine, by 31 December 2017.

Vaccine failures were analysed by vaccine type, 
dose number, age and jurisdiction. Statistical 
analyses were performed using Stata (version 
14.2; StataCorp, College Station, Texas, USA).

Ethics approval was not required as de-identified 
aggregated population-based data were used for 
routine public health surveillance purposes only, 
in accordance with requirements of all relevant 
data custodians.

Results

Cases of any age notified from 2000 to 
2017

In the 18 years from 2000 to 2017, 345 invasive 
Hib cases of any age were notified nationally. 
The all-age notification rate decreased by 55% 
from 0.13 cases per 100,000 (n=24) in 2000 to 
0.06 cases per 100,000 (n=14) in 2017 (IRR 0.45, 
95% CI: 0.21–0.90, p=0.016), with 2017 having 
the lowest annual incidence recorded during the 
study period (Figure 1). The decrease in cases 
was also significant comparing vaccine Era 1 
(2000–2005), where PRP-OMP was predomi-

nantly used (average annual incidence of 20.5), 
to vaccine Era 3 (2010–2017), where PRP-T was 
predominantly used (17.5; p<0.01) (Appendix 3).

During 2000–2017, just over half of total cases 
were male (174/345, 50.4%) and 76 (22.0%) 
were recorded as Aboriginal and Torres Strait 
Islander with a notification rate of 0.66 per 
100,000, compared to 0.07 per 100,000 for non-
Indigenous cases (IRR 9.46, 95% CI: 7.17–12.34, 
p<0.001). In cases aged <5 years, there was no 
significant difference in IRR by vaccine era: 8.1 
(95% CI: 4.1–15.4), 11.6 (95% CI: 5.4–24.4) and 9.1 
(95% CI: 5.1–15.8), for Era 1 (2000–2005), Era 2 
(2006–2009) and Era 3 (2010–2017), respectively.

The median age at notification was 8 years, with 
45% aged <5 years and 11% aged ≥70 years. 
Notification rates for 2000–2017 were similar in 
children aged 0–6 months and 7–12 months at 
1.61 and 1.68 per 100,000, respectively. The low-
est age-specific notification rate was in adults 
aged 20–49 years (Appendix 4). Aboriginal and 
Torres Strait Islander cases were substantially 
younger (median 14 months) than non-Indig-
enous cases (14 years), with 46% aged <1 year 
compared to 18% of non-Indigenous cases. A 
detailed summary of demographic and clinical 
characteristics is in Appendix 3.

Cases born from 1 January 2000 onwards

Of the total 345 notified Hib cases, 153 (44.3%) 
were born from 1 January 2000 onwards. Most 
data fields for these cases were 100% complete; 
data fields with lower completeness are indicated 
in Table 1. The notification rate decreased by 
70% from 0.75 cases per 100,000 (n=40) in Era 
1 to 0.22 cases per 100,000 (n=75) in Era 3, with 
2017 having the lowest annual incidence (n=9; 
0.16 per 100,000) recorded during the study 
period (Figure 7).

Age distribution

Among cases born from 1 January 2000 onwards, 
children aged 0–6 months and 7–11 months had 
the highest notification rates, annual average 1.5 
cases per 100,000 for both age groups (Figure 2). 
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Table 1: Characteristics of Hib cases born from 1 January 2000 onwards, Australia, 2000–2017

Characteristics Notifications
N=153 (%)

Age, median in months (range) 11 (1–167)

Sex

Female
Male

71 (46.4%)
82 (53.6%)

Aboriginal and Torres Strait Islander

No
Yes

102 (66.7%)
51 (33.3%)

Source of vaccination information

Australian Immunisation Register
Verbally from parent or provider
Othera

Missing

91 (59.5%)
13 (8.5%)

21 (13.7%)
28 (18.3%)

State or territory

Australian Capital Territory
New South Wales
Northern Territory
Queensland
South Australia
Tasmania
Victoria
Western Australia

0 (0%)
54 (35.3%)
16 (10.5%)
37 (24.2%)

10 (6.5%)
0 (0%)

17 (11.1%)
19 (12.4%)

Hib vaccine era

Era 1 (PRP-OMP): 2000–2005
Era 2 (PRP-OMP and PRP-T): 2006–2009
Era 3 (PRP-T): 2010–2017

40 (26.1%), 6.7 annually
38 (24.8%), 9.5 annually
75 (49.0%), 9.4 annually

Clinical illness

Meningitis
Unlocalised/sepsis
Pneumonia
Epiglottitis
Otherb

Missing

54 (35.3%)
35 (22.9%)
21 (13.7%)
19 (12.4%)
23 (15.0%)

1 (0.7%)

Outcome

Survived
Died
Missing

114 (74.5%)
19 (12.4%)
20 (13.1%)

Risk factors

Immunocompromised
Congenital abnormality
Premature birth
Any risk factorc

Missing

7 (3.9%)
10 (6.5%)

18 (11.8%)
31 (20.3%)

14 (9.2%)

a	  Includes Blue Book and Northern Territory Childhood Immunisation Database.

b	  Includes cellulitis (13), pharyngitis (2), septic arthritis (2), combinations of conditions (4) and unspecified (2).

c	  Includes a range of conditions as reported by notifiers, including cerebral palsy, chronic respiratory disease, cyanotic heart disease and 

renal failure. No cases with splenectomy were reported. Eleven (7.2%) had multiple reported risk factors.
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The median age was 11 months (range 10 days 
– 13 years), with 86.9% (n=133) aged ≤5 years. 
There were 17 (11.1%) cases aged 12–17 months 
and only eight cases were aged <8 weeks at onset.

Aboriginal and Torres Strait Islander status

Among cases born from 1 January 2000 
onwards, 51 (33.3%) were recorded as Aboriginal 
and Torres Strait Islander (Table 1). Notification 
rates in both Aboriginal and Torres Strait 
Islander and non-Indigenous children decreased 
over the study period (Figure 3).

IRRs for Aboriginal and Torres Strait Islander 
children compared to non-Indigenous chil-
dren were 8.50 (95% CI: 4.09–17.00) for Era 1, 
10.34 (95% CI: 5.02–20.69) for Era 2, 7.05 (95% 
CI: 4.09–11.80) for Era 3, and 8.36 (95% CI: 
5.85–11.82) for all eras combined. Aboriginal 
and Torres Strait Islander cases were younger 
(median age 9 months; range 52 days–5 years) 
than non-Indigenous cases (median 17 months; 
range 10 days–13 years), with the rate disparity 
much higher in children aged <1 year, decreas-
ing with age so that rates in children aged 2–5 
years are similar (Figure 4).

State and territory variation

Among cases born from 1 January 2000 
onwards, cases were reported in six of the eight 
jurisdictions with no cases reported in the 
Australian Capital Territory and Tasmania. The 
highest proportion of cases was in New South 
Wales (35.3%) followed by Queensland (24.2%), 
Western Australia (12.4%), Victoria (11.1%), the 
Northern Territory (10.5%) and South Australia 
(6.5%). However, the highest notification rate 
was in the Northern Territory (2.60 per 100,000), 
which was at least seven times higher than in 
any other jurisdiction (Appendix 5).

The notification rate in the Northern Territory 
decreased from 9.36 per 100,000 in Era 1 (PRP-
OMP only) to 2.48 per 100,000 in Era 2 (PRP-
OMP and PRP-T) and to 1.43 per 100,000 in 

Era 3 (PRP-T only). Notification rates decreased 
from Era 1 to Era 3 and remained low in all 
other jurisdictions.

Clinical presentation and case fatality

For cases born from 1 January 2000 onwards, 
information about clinical presentation was 
available for 99% (152/153) of cases. Meningitis 
was the most common presentation reported 
(35%) followed by septicaemia (22%) and epi-
glottitis (12%). In Era 1 (2000–2005), septicae-
mia was the most common presentation (38.5%), 
however meningitis was the most common in 
Era 2 (2006–2009; 44.4%) and Era 3 (2010–2017; 
38.0%). There was a higher proportion of men-
ingitis presentations in Aboriginal and Torres 
Strait Islander cases (49%) than in non-Indige-
nous cases (28%).

Nineteen of the 153 cases born from 1 January 
2000 onwards were reported to have died, 
including two children aged <8 weeks, with an 
overall CFR of 12.4% (11 in New South Wales, 
5 in Queensland and 1 in each of the Northern 
Territory, South Australia and Victoria). 
The CFR for cases who presented with sep-
ticaemia, meningitis,  epiglottitis and other 
presentations were 18.2% (6/33), 16.7% (9/54), 
10.5% (2/19) and 4.3% (2/46), respectively. The 
CFR was 9.8% (5/51, includes 1 with underlying 
medical conditions) for Aboriginal and Torres 
Strait Islander cases and 13.7% (14/102, includes 
5 with underlying medical conditions) for non-
Indigenous cases. Overall six (35.3%, includes 3 
vaccine failures) of the 17 deaths aged ≥8 weeks 
had recorded one or more underlying condi-
tions, including immunocompromise, cerebral 
palsy and chronic lung disease.

The median age among cases who died was 7 
months (range 37 days–10 years), with small 
numbers in individual years and no consistent 
trend (Figure 5). All five Aboriginal and Torres 
Strait Islander and nine (64%) non-Indigenous 
deaths were aged <1 year. The death field was 
not completed for 13.1% of cases (20/153) over-
all, with data completeness fluctuating over the 
study period.
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Table 2: Number of Hib cases born from 1 January 2000 onwards and aged ≥8 weeks, by vaccine 
type and vaccination status, Australia, 2000–2017

Vaccine type

Vaccination status

Total Deaths
Unimmunised Partially 

immunised Fully immunised

n % n % n % n n %

PRP-T 0 0 28 48.3 30 51.7 58 8 13.8

PRP-OMP 0 0 10 23.8 32 76.2 42 5 11.9

HbOC 0 0 3 100.0 0 0 3 0 0

Unknown 0 0 2 100.0 0 0 2 0 0

No recorded doses 40 100.0 0 0 0 0 40 4 10.0

Total 40 27.6 43 29.7 62 42.8 145 17 11.7

Deaths 4 10.0 6 14.0 7 11.3 17 N/A N/A

Vaccination status

Of the 153 cases born from 1 January 2000 
onwards, 145 were aged ≥8 weeks at notification 
and eligible to have received at least one vaccine 
dose. Of the 145, 28% had no recorded vaccine 
doses, 30% were partially immunised for age and 
43% fully immunised (Table 2). Approximately 
half the cases who had received PRP-T were fully 
immunised and half partially immunised, while 
approximately three-quarters of cases who had 
received PRP-OMP were fully immunised.

Of the 145 cases aged ≥8 weeks, the proportion 
partially immunised among Aboriginal and 
Torres Strait Islanders (42%, 21/50) was almost 
double that of non-Indigenous cases (23%, 22/95), 
but the proportion fully immunised was higher 
in non-Indigenous cases (48%, 46/95) (Figure 6). 
Although the overall proportion of unimmu-
nised cases was similar among Aboriginal and 
Torres Strait Islander (26%, 13/50) and non-
Indigenous cases (28%, 27/95), significantly 
more (54%, 7/13) unimmunised Aboriginal and 
Torres Strait Islander children were aged 2–6 
months, compared to non-Indigenous children 
(15%; 4/27 p=0.008) (Figure 6).

The incidence of invasive Hib disease per 
100,000 in unimmunised and immunised chil-
dren was calculated using cases born from 1 

January 2000 as the numerator and vaccination 
status as at 31 December 2017, with all individu-
als on the AIR born since 1 January 2000 and ≥1 
dose (for immunised rate) or no recorded doses 
(for unimmunised rate) as the denominator. For 
unimmunised non-Indigenous children, inci-
dence of Hib was 11.8 per 100,000 versus 1.6 per 
100,000 in children with ≥1 dose of PRP-OMP 
and 1.1 per 100,000 with ≥1 dose of PRP-T vac-
cine (Table 3). In Aboriginal and Torres Strait 
Islander children who had received at least one 
vaccine dose, estimated incidence was approxi-
mately 10 times higher than non-Indigenous, 
and for unimmunised Aboriginal and Torres 
Strait Islander children, estimated incidence was 
40 times higher.

Vaccine failures

Of the 153 invasive Hib cases born from 1 January 
2000 onwards, 145 were at least 8 weeks of age, 
and 100 had received ≥1 dose of either PRP-T 
or PRP-OMP (Table 3), of whom 65 met our 
definition for vaccine failure (see Box 1). Eight of 
the 65 vaccine failures died (CFR 12.3%), similar 
to the CFR among cases ≥8 weeks who were 
not vaccine failures (9/80; 11.3%). The median 
age of vaccine failures was considerably older 
than for cases overall (24 months compared to 
11 months), just over half (52%) were male and 
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29% were Aboriginal and Torres Strait Islander 
(Table 4). Seven (11%) vaccine failures were 
immunocompromised, with all fully vaccinated.

The number and proportion of Hib cases classi-
fied as vaccine failures fluctuated by individual 
year, with small annual numbers (Figure 7). The 
proportion of vaccine failures amongst total 
cases decreased from 38% in Era 1 to 32% in 
Era 2 and increased to 51% in Era 3; noting the 
shorter population person-time in Era 1, which 
incorporates children born from 2000–2005 
and cases notified over the same 6-year period, 
compared to Era 3, which incorporates children 
born over the entire 2000–2017 period but only 
includes cases notified in 2010–2017. The vaccine 
failure rate decreased from 0.28 in Era 1 (PRP-
OMP) to 0.13 in Era 2 (PRP-OMP/PRP-T) and 
0.11 per 100,000 in Era 3 (PRP-T). The vaccine 
failure rate in children aged <1 year decreased 
from 0.27 in Era 1 (PRP-OMP) to 0.18 in Era 2 
(PRP-OMP/PRP-T) and increased to 0.53 per 
100,000 in Era 3 (PRP-T); not statistically sig-
nificant. The proportion of vaccine failures by 
year, excluding year 2000 where there was only 
one notification, varied from a low of 20% (2/10) 
in 2003 to a high of 75% (6/8) in 2011.

Vaccination status

The majority of cases of vaccine failure were fully 
immunised for age (n=57, 88%), as defined in 
Methods; of whom 53% had received PRP-OMP 
and 47% PRP-T vaccine (Table 5, Table 6). The 
median age was higher, and time from last Hib 
vaccine dose to disease onset was longer, among 
PRP-OMP vaccine failures than among those 
of PRP-T; noting that children who received 
PRP-OMP (in Era 1 and Era 2) have a longer 
person-time included the study than children 
who received PRP-T (in Era 2 and Era 3).

Age distribution

The median age for notifications assessed as 
Hib vaccine failures was 24 months (range 5 
months–13 years), with 80% (52/65) aged ≤5 
years and 29% (19/65) aged <1 year (Table 6).

All vaccine failures in infants aged <1 year were 
fully immunised, of whom 13 (68%) had received 
3 doses of PRP-T and 6 (32%) had received 2 doses 
of PRP-OMP. Over half (10/19) of the infant vac-
cine failures were Aboriginal and Torres Strait 
Islander. The median age at onset was 9 months 
(range 5–11 months) and median time between 
administration of the last dose and disease onset 
3 months (range 34 days–7 months). Eleven of 
the 19 cases had meningitis and eight had other 
clinical presentations.

Of the 11 vaccine failures aged 12–17 months, six 
received PRP-OMP (three received a third dose), 
four received PRP-T (two received a fourth dose) 
and one received three doses of HbOC; overall 
6/11 met the definition for fully immunised and 
5/11 for partially immunised.

Aboriginal and Torres Strait Islander status

Of the 65 vaccine failures, 19 (29%) were 
Aboriginal and Torres Strait Islander children, 
11 (58%) of whom received PRP-T and eight 
(42%) PRP-OMP vaccine, as opposed to the 46 
non-Indigenous vaccine failures of whom 20 
(43%) received PRP-T vaccine, 25 (54%) had 
received PRP-OMP and 1 (2%) HbOC vaccine.

Of the 19 vaccine failures in Aboriginal and 
Torres Strait Islander children, 18/19 (95%) 
were aged <5 years, compared to 34/46 (74%) 
of vaccine failures in non-Indigenous children 
(Table 7). The median age at onset was lower in 
Aboriginal and Torres Strait Islander children 
(11 months [range 5 months – 5 years] versus 3 
years [range 7 months – 13 years] in non-Indig-
enous; p=0.001), with 73% aged <18 months 
compared to 35% of non-Indigenous children.

The median number of days between adminis-
tration of the last dose of Hib vaccine and disease 
onset for vaccine failures was 5 months (range 
34 days – 5 years) in Aboriginal and Torres 
Strait Islander people and 24 months (range 38 
days – 11 years) in non-Indigenous.
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Table 4: Overall summary of demographic and clinical characteristics of Hib vaccine failures in 
individuals born from 1 January 2000 onwards, Australia, 2000–2017

Characteristics Notifications
N=65 (%)

Age, median in months (range) 24 (5–167)

Sex

Female
Male

31 (48%)
34 (52%)

Aboriginal and Torres Strait Islander

No
Yes

46 (71%)
19 (29%)

State or territory

Australian Capital Territory
New South Wales
Northern Territory
Queensland
South Australia
Tasmania
Victoria
Western Australia

0 (0%)
23 (35%)

9 (14%)
14 (22%)

5 (8%)
0 (0%)

9 (14%)
5 (8%)

Hib vaccine era

Era 1 (PRP-OMP): 2000–2005
Era 2 (PRP-OMP and PRP-T): 2006–2009
Era 3 (PRP-T): 2010–2017

15 (23%), 2.5 annually
12 (18%), 3.0 annually
38 (58%), 4.8 annually

Clinical illness

Meningitis
Epiglottitis
Unlocalised/sepsis
Pneumonia
Othera

17 (26%)
13 (20%)
12 (18%)
14 (22%)
 9 (14%)

Outcome

Survived
Died
Unknown

54 (83%)
8 (12%)

3 (5%)

Risk factors

Immunocompromised
Congenital abnormality
Premature birth
Any risk factorb

Missing

7 (11%)
5 (8%)
2 (3%)

17 (26%)
2 (3.1%)

a	  Includes cellulitis (3), pharyngitis (2), septic arthritis (1), combinations of conditions (2) and unspecified (1).

b	  Includes a range of conditions, as reported by notifiers, including cerebral palsy, chronic respiratory disease and cyanotic heart disease. 

6 (9%) had multiple reported risk factors. There were no cases with congenital asplenia or splenectomy reported.
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State and territory variation

Vaccine failures were reported in all jurisdic-
tions that reported Hib notifications in the study 
period. The largest proportion of cases classified 
as vaccine failures was in the Northern Territory 
(9/16, 56%) followed by Victoria (9/17, 53%).

Clinical presentation and mortality

Meningitis accounted for 17/65 (26%) vaccine 
failures; children aged <1 year had the highest 
proportion (58%, 11/19) compared to children 
aged 1–4 years (6%, 2/33) and children aged >5 
years (31%, 4/13). A higher proportion of vaccine 
failures presented with pneumonia and epiglotti-
tis than unimmunised cases, 22% versus 8% and 
20% versus 7%, respectively. A higher proportion 
of Aboriginal and Torres Strait Islander children 
with vaccine failure had meningitis (42% [8/19] 
versus 20% [9/46] in non-Indigenous).

There were eight deaths (CFR 12%) among Hib 
vaccine failure cases, the oldest 10 years of age, 
one reported to be Aboriginal and Torres Strait 
Islander (Figure 8). Deaths occurred in 2017 (2), 
2015 (1), 2011 (3), 2008 (1) and 2007 (1). Half of 
the deaths had received PRP-T and half PRP-
OMP vaccine. The CFR in vaccine failure cases 
who presented with meningitis, epiglottitis and 
pneumonia was 29% (5/17), 15% (2/13) and 7% 

(1/14), respectively and CFR was higher in cases 
with a reported underlying medical condition 
(3/17, 18% versus 5/40, 13%).

Discussion

We identified 345 cases of invasive Hib disease 
in Australia over the 2000–2017 period, with 
the annual all-age notification rate decreasing 
significantly, by 55%, from 0.13 per 100,000 
population in 2000 to 0.06 per 100,000 popula-
tion in 2017.

We focused our analyses on the 153 cases born 
from 1 January 2000 onwards. This includes 
individuals vaccinated in the PRP-OMP and 
PRP-T vaccine eras rather than vaccinated with 
HbOC vaccine, which is no longer in use world-
wide, and data for this period has a high level of 
completeness. In this 18-year birth cohort, the 
notification rate decreased by 70% from Era 1 
(PRP-OMP vaccine only) to Era 3 (PRP-T vac-
cine only). The highest age-specific notification 
rate over the study period was in infants aged 
<1 year, with 87% of cases aged ≤5 years. The 
highest jurisdictional notification rate over the 
study period was in the Northern Territory, 
the jurisdiction with the highest proportion of 
Aboriginal and Torres Strait Islander people. 
Although the incidence rate in the Northern 

Table 6: Number of Hib vaccine failures in individuals born from 1 January 2000 onwards, by 
age and vaccine type, Australia, 2000–2017

Age group
Vaccine type

Totala
Deaths

PRP-OMP PRP-T n %

6 weeks–6 months 1 0 1 0 0

7–11 months 5 13 18 4 22

12–17 months 6 4 11 1 9

18 months–4 years 12 10 22 1 5

5–9 years 5 4 9 1 11

10–19 years 4 0 4 1 25

Total 33 31 65 8 12

a	 Includes 1 vaccine failure partially vaccinated with HbOC vaccine
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Figure 8: Number of Hib (a) vaccine failures and (b) others born from 1 January 2000 onwards, 
by clinical outcome, Aboriginal and Torres Strait Islander status and age group, Australia, 
2000–2017
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Territory decreased from Era 1 to Era 3, it was at 
least seven times higher than in other jurisdic-
tions.

One-third of cases born from 1 January 2000 
onwards (51/153) were Aboriginal and Torres 
Strait Islander children, with a significantly 
younger median age than non-Indigenous cases 
(9 months compared to 17 months). While the 
Hib notification rate decreased over the study 
period in both Aboriginal and Torres Strait 
Islander and non-Indigenous children, dispar-
ity in rates remained high, with a small non-
significant decrease in IRR (Aboriginal and 
Torres Strait Islander: non-Indigenous) from 
8.50 in Era 1 to 7.02 in Era 3. The IRR in chil-
dren aged <10 years was 1.5 in the early years 
of the Hib vaccination program (1993–1996), 
but increased significantly in subsequent years 
due to much larger declines in incidence among 
non-Indigenous children.4 Similar disparities 
have previously been documented in Australia.7 
Disparities between First Nations and non-
Indigenous populations have also been reported 
in Canada (IRR 4.4 in 2003–2005 for all ages) and 
the United States of America (7.1 in 1994–1995 
for Native American children aged <4 years and 
18.0 for Alaska Native children aged <5 years), 
driven by factors that promote transmission, 

including higher rates of nasopharyngeal car-
riage of Hib, overcrowded living conditions and 
environmental tobacco smoke exposure.11–17

This rate disparity is particularly high, IRR 
12–14, in children aged <2 years, consistent with 
the known issues of vaccine delay in younger 
Aboriginal and Torres Strait Islander children.18 
In 2018, Hib vaccine coverage in Aboriginal and 
Torres Strait Islander children was slightly lower 
than non-Indigenous children at 12 months of 
age (primary course; 92.5% versus 94.6%), but 
higher at 24 months of age (for booster dose then 
scheduled at 12 months; 95.2% versus 94.7%) 
and even higher at 60 months of age (98.3% 
versus 95.8%).19 The high proportion of unim-
munised Aboriginal and Torres Strait Islander 
Hib cases aged 2–6 months (54% compared to 
15% in unimmunised non-Indigenous cases) 
emphasises potential benefits from improving 
vaccine coverage, and especially timeliness, 
to further reduce disparity. However, much of 
the 40-fold higher risk of Hib disease in unim-
munised versus immunised Aboriginal and 
Torres Strait Islander children is attributable to 
higher nasopharyngeal carriage and social and 
environmental determinants of health, which 
also need to be addressed in order to reduce this 
persistent disparity.18

Table 7: Number and proportion of Hib vaccine failures in individuals born from 1 January 
2000 onwards, by age and Aboriginal and Torres Strait Islander status, Australia, 2000–2017

Age group

Vaccine failure

TotalAboriginal and Torres Strait 
Islander Non-Indigenous

n % n %

6 weeks–6 months 1 5 0 0 1

7–11 months 9 47 9 20 18

12–17 months 4 21 7 15 11

18 months–4 years 4 21 18 39 22

5–9 years 1 5 8 17 9

10–19 years 0 0 4 9 4

Total 19 100 46 100 65
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There is evidence of increased incidence of 
invasive non-type b Haemophilus influenzae 
disease in international settings post-Hib vac-
cine introduction, such as type a disease in 
Indigenous populations of North America.20 
However, previous research conducted in South 
Australia (where non-type b invasive disease is 
notifiable) and the Northern Territory found no 
significant evidence of an increase amongst the 
Aboriginal and Torres Strait Islander population 
through to 2011.21 Assessing potential disparity 
of non-type b invasive Haemophilus influenzae 
disease between Aboriginal and Torres Strait 
Islander and non-Indigenous children would be 
facilitated by making non-type b Haemophilus 
influenzae disease nationally notifiable with 
laboratory typing coordinated similarly to that 
currently occurring for invasive pneumococcal 
disease.22

Among the 153 cases born from 1 January 2000 
onwards, meningitis and septicaemia were the 
most common presentations and the CFR was 
12.4%, one third of whom had an underlying 
medical condition. The CFR is higher than pre-
viously reported in Australia in the early vaccine 
period (1993–1996, 5%), but could be attributable 
to both improved reporting and an increased 
proportion of cases with reported medical 
comorbidities (20%).3, 7 Although based on small 
numbers, the CFR was similar for Aboriginal 
and Torres Strait Islander and non-Indigenous 
cases: 9.8% and 13.7% respectively. All deaths 
among Aboriginal and Torres Strait Islander 
cases were aged <1 year, but deaths among other 
cases occurred up to 10 years of age.

Among cases born from 1 January 2000 onwards, 
31% were unimmunised, 41% fully immunised 
and 28% partially immunised. Approximately 
three-quarters of cases that had received PRP-
OMP were fully immunised compared to half 
of those who had received PRP-T. This, along 
with the higher median time from last vaccine 
dose to disease onset in PRP-OMP recipients, 
could be consistent with longer protective effect 
of PRP-OMP and/or a longer period of usage 
of PRP-OMP and would require more detailed 
analysis to delineate. The higher proportion of 

partially immunised Aboriginal and Torres 
Strait Islander than of non-Indigenous cases 
(21% versus 41%) may reflect reduced vaccina-
tion timeliness in this population as a result of 
logistical and accessibility issues.

We estimated incidence of Hib in children who 
had received at least one dose of PRP-OMP 
(2.3 per 100,000), or PRP-T (1.7 per 100,000), 
to be around 90% lower than in unimmunised 
children (16.6 per 100,000). This is consistent 
with estimates of Hib vaccine effectiveness 
(VE) in Australia in the 1990s (83–90%), but 
also emphasises that even at a time when Hib 
disease has become rare, unimmunised children 
remain at a tenfold higher risk of disease.23 It is 
notable that almost all unimmunised cases older 
than 12 months occurred in non-Indigenous 
children; this may be due to vaccine refusal, 
although we have no specific data on this. In 
Aboriginal and Torres Strait Islander children, 
incidence in those who had received at least one 
vaccine dose was 97% lower than unimmunised 
children irrespective of vaccine, consistent with 
a strong protective effect. However, disease risk 
in unimmunised Aboriginal and Torres Strait 
Islander children was about 40-fold higher than 
in unimmunised non-Indigenous children, with 
a rate similar to that in the pre-vaccine era, 
which is consistent with high circulation of Hib 
and documented higher levels of nasopharyn-
geal colonisation.24 More precisely, delineation 
of relative VE for PRP-OMP and PRP-T and 
between Aboriginal and Torres Strait Islander 
and non-Indigenous children would require a 
more robust analysis such as a matched case-
control study.25

Approximately 45% of cases born from 1 
January 2000 onwards were classified as vaccine 
failures, with 88% fully immunised. Although 
the proportion of cases meeting the definition 
of vaccine failure increased from 32% in Era 1 
(PRP-OMP) to 51% in Era 3 (PRP-T), this was in 
the context of lower overall incidence during Era 
3. The overall vaccine failure rate decreased more 
than twofold from 0.28 per 100,000 in the PRP-
OMP vaccine era (Era 1) to 0.11 per 100,000 in 
the PRP-T vaccine era (Era 3), however the vac-
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cine failure rate in children aged <1 year almost 
doubled from 0.27 per 100,000 in Era 1 to 0.53 
per 100,000 in Era 3. This could be related to the 
more rapid immunogenic effects achieved in 
infants using PRP-OMP vaccine than in those 
using PRP-T-containing vaccines, but could also 
be due to the improved ascertainment of immu-
nisation status or an artefact of the very small 
numbers involved.26 Fully-immunised immuno-
compromised children accounted for 7 vaccine 
failures; immunocompromise is an established 
risk factor for Hib disease.27–29 Cases in children 
aged 12–17 months are of particular interest, 
given the 2018 NIP schedule change from a Hib 
booster dose at 12 months (given as combined 
Hib-meningococcal C vaccine) to 18 months of 
age (given as monovalent Hib vaccine). Of the 17 
(11%) cases in this age group, 11 were classified 
as vaccine failures of whom 6 had received the 
booster dose then scheduled at 12 months. Of 
the 6 not classified as vaccine failures, 4 were 
unimmunised and 2 partially immunised. It 
will be important to monitor any evidence of 
an increase in 3-dose vaccine failures in this age 
group, especially in Aboriginal and Torres Strait 
Islander children, given their higher proportion 
of cases and vaccine failures aged <18 months 
of age.

Strengths of our study include the high com-
pleteness of most data fields in this enhanced 
surveillance dataset, and likely high case ascer-
tainment, due to high likelihood of microbiologic 
testing in this severe disease and the reliability 
of laboratory notification. Although the Hib 
case definition changed over the study period 
to strengthen the level of laboratory evidence 
required, it is unlikely these changes would have 
had any major impact on case ascertainment.

Overall our study shows that rates of invasive 
Hib disease in Australia, already very low prior 
to 2000 following vaccine introduction in 1993, 
have continued to decline steadily. Despite the 
success of the immunisation program, vaccine 
failures continue to occur, although at a very 
low rate. This analysis also emphasises the 
importance of timely vaccination according to 
the recommended infant schedule, especially 

in Aboriginal and Torres Strait Islander infants 
who continue to be disproportionately affected 
by invasive Hib disease. It will be important to 
continue to monitor invasive Hib disease epide-
miology and vaccine failures, particularly fol-
lowing the 2018 change in timing of the booster 
dose on the NIP schedule.
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Appendices

Appendix 1: Recommended Haemophilus influenzae type b vaccination schedule under the 
National Immunisation Program, Australia

Date Vaccine (immunisation age) Target population

Era 1

1993 Jan – 2000 Mar PRP-OMPa,b

(2, 4, 12 months)
All Aboriginal and Torres Strait Islander children
All children in the NT

HbOCc

(2, 4, 6, 18 months) Non-Indigenous children

2000 Mar – 2005 Nov PRP-OMPa

(2, 4, 12 months) All children

Era 2

2005 Nov – 2008 Feb PRP-OMPa

(2, 4, 12 months)
All children in Vic, Qld, SA, NT
Aboriginal and Torres Strait Islander children in WA

PRP-Tb,d

(2, 4, 6, 12 months)
All children in ACT, NSW, Tas
Non-Indigenous children in WA

2008 Mar – 2009 Feb PRP-OMPa

(2, 4, 12 months)
All children in NT
Aboriginal and Torres Strait Islander children in WA

PRP-Tb,d

(2, 4, 6, 12 months)
All children in ACT, NSW, Tas, Vic, SA and Qld
Non-Indigenous children in WA

2009 Feb – 2009 Oct PRP-OMPa

(2, 4, 12 months) All children in NT

PRP-Tb,d

(2, 4, 6, 12 months) All children in ACT, NSW, Tas, Vic, SA, Qld and WA

Era 3

2009 Oct – 2013 Jul PRP-Tb,d

(2, 4, 6, 12 months) All children

2013 Jul – 2018 Jun PRP-Te

(2, 4, 6, 12 months) All children

2018 Jul onward PRP-Td,f

(2, 4, 6, 18 months) All children

a	 Liquid PedvaxHIB	 Haemophilus influenzae type b (PRP-OMP)

b	 Infanrix hexa		  Diphtheria-tetanus-acellular pertussis (DTPa), hepatitis B, inactivated poliovirus, Haemophilus influenzae 

type b (PRP-T)

c	 HibTITER		  Haemophilus influenzae type b (HbOC)

d	 Hiberix		  Haemophilus influenzae type b (PRP-T)

e	 Menitorix		  Haemophilus influenzae type b (PRP-T) and meningococcal group C

f	 Act-HIB		  Haemophilus influenzae type b (PRP-T)

Source: Significant events in Haemophilus influenzae type b (Hib) vaccination practice in Australia 2018 by the National Centre for 

Immunisation Research and Surveillance.6

ACT – Australian Capital Territory, NT – Northern Territory, Qld – Queensland, SA – South Australia, Tas – Tasmania, Vic – Victoria, WA – 

Western Australia
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Pre-2004

An invasive clinically compatible illness (meningitis, epiglottitis, cellulitis, septic arthritis, osteo-
myelitis, pneumonia, pericarditis or septicaemia) and either:

•	 The isolation of Haemophilus influenzae type b (Hib) from blood, or

•	 Detection of Hib antigen (in a clinically compatible case), or

•	 Detection of Gram-negative bacteria where the organism fails to grow in a clinical case

OR

A confident diagnosis of epiglottitis by direct vision, laryngoscopy or X-ray.

2004 – 30 June 2014

Confirmed case 
Laboratory definitive evidence

Laboratory definitive evidence 
Isolation of Haemophilus influenzae type b (Hib) from a normally sterile site where typing has 
been confirmed at an approved reference laboratory. 
OR 
Detection of Hib antigen in cerebrospinal fluid when other laboratory parameters are consistent 
with meningitis.

Post-1 July 2014

Confirmed case 
Laboratory definitive evidence

Laboratory definitive evidence 
Isolation or detection of Haemophilus influenzae type b (Hib) from a normally sterile site where 
typing has been confirmed at a jurisdictional or regional reference laboratory.

Source: Vaccine preventable diseases in Australia, 2005 to 2007 by Chiu C, Dey A, Wang H, Menzies R, Deeks S, Mahajan D and Haemophilus 

influenzae type B (Hib) infection (invasive) case definition by the Australian Government Department of Health.8, 9

Appendix 2: The evolution of reporting Hib infection using NNDSS case definitions
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Appendix 3: Characteristics of notified Hib cases for all ages, Australia, 2000–2017

Characteristics
Notifications

Born prior to 1 January 2000
N=192 (%)

Total
N=345 (%)

Age, median in years (range) 41 (0–93) 8 (0–93)

Sex

Female
Male

100 (52.1%)
92 (47.9%)

171 (49.6%)
174 (50.4%)

Aboriginal and/or Torres Strait Islander

No
Yes

167 (87.0%)
25 (13.0%)

269 (78.0%)
76 (22.0%)

Source of vaccination information

Australian Immunisation Register
Verbally from parent or provider
Other
Missing

5 (2.6%)
11 (5.7%)
12 (6.3%)

164 (85.4%)

96 (27.8%)
24 (7.0%)
33 (9.6%)a

192 (55.7%)

State or territory

Australian Capital Territory
New South Wales
Northern Territory
Queensland
South Australia
Tasmania
Victoria
Western Australia

0 (0%)
67 (34.9%)
14 (7.3%)

63 (32.8%)
8 (4.2%)
3 (1.6%)

32 (16.7%)
5 (2.6%)

 0 (0%)
121 (35.1%)
30 (8.7%)

100 (29.0%)
18 (5.2%)
3 (0.9%)

49 (14.2%)
24 (7.0%)

Hib vaccine era

Era 1 (PRP-OMP & HbOC): 2000–2005
Era 2 (PRP-OMP & PRP-T): 2006–2009
Era 3 (PRP-T): 2010–2017

83 (43%), 13.8 annually
44 (23%), 11.0 annually
65 (34%), 8.13 annually

123 (36%), 20.5 annually
82 (24%), 20.5 annually
140 (41%), 17.5 annually

Clinical illness

Unlocalised/sepsis
Meningitis
Pneumonia
Epiglottitis
Other
Missing

61 (31.8%)
16 (8.3%)
34 (17.7%)
29 (15.1%)
26 (13.5%)
35 (18.2%)

99 (27.2%)
70 (20.3%)
55 (15.9%)
48 (13.9%)
46 (13.3%)b

27 (7.8%)

Outcome

Survived
Died
Missing

142 (74.0%)
18 (9.4%)

32 (16.7%)

256 (74.2%)
37 (10.7%)
52 (15.1%)

Risk factors

Immunocompromised
Splenectomy
Congenital abnormality
Premature birth
Any risk factor
Missing

17 (8.9%)
2 (1.0%)
6 (3.1%)
1 (0.5%)

64 (33.3%)
65 (33.9%)

39 (11.3%)
2 (0.6%)

16 (4.6%)
19 (5.5%)
135 (39.1)c

83 (24.1)

a	 Includes Blue Book and Northern Territory and Central Australian Childhood Immunisation Databases.

b	 Includes cellulitis (17), pharyngitis (4), septic arthritis (4), tonsillitis (2), otitis media (1), febrile illness (1), submandibular abscess (1), 

combinations of conditions (8) and unspecified (8).

c	 Includes a range of conditions, as reported by notifiers, including alcoholism, anaemia, cardiomyopathy, cerebral palsy, chronic respira-

tory disease, congenital heart disease, cyanotic heart disease, diabetes and renal failure. 26 (7.5%) had multiple reported risk factors.
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