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Abstract:
Introduction
The introduction of the Hib conjugate vaccine in the United Kingdom resulted in a rapid decline in invasive Hib disease across all age groups. However, a resurgence in 2000-2002 prompted the introduction of additional control measures, including a routine 12-month booster in 2006. Here we describe results from a national serosurvey in children eligible for the 12-month booster and recent H. influenzae epidemiology in England and Wales.
Methods 
A national serosurvey was performed to determine the prevalence of anti-polyribosyl-phosphate (anti-PRP) IgG antibodies in 1,000 residual samples from children up to 8 years of age in 2013-14. Data were compared to previous national serosurveys performed by the same laboratory. Current epidemiology of invasive H. influenzae disease in England and Wales is also reported.
Results 
Median anti-PRP IgG concentrations were highest among 1 year olds at 4.5μg/mL (95%CI, 0.93-33.6; n=55) and then declined rapidly but remained ≥1.0 µg/mL across the age-groups in the cohort eligible for the 12-month booster. Overall, 89% of children (719/817) had anti-PRP concentrations ≥0.15 μg/mL, the putative threshold for short-term protection against invasive Hib disease. During 2012-2016, annual Hib disease incidence remained below one case per million population, with only 67 of 3,523 (2.5%) laboratory-confirmed H. influenzae cases and one case of Hib meningitis during the 5-year period. There were only two deaths within 30 days over the five-year period (case fatality rate, 3.0%).
Conclusions
Hib control in England and Wales is currently the best achieved since the vaccine was introduced more than two decades ago. However, Hib antibodies wane rapidly after the 12 months booster. Although most children remain protected against disease, antibody levels may not be high enough to prevent carriage among toddlers. Ongoing monitoring is essential to inform future vaccination policy.
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INTRODUCTION
Haemophilus influenzae can be distinguished into six serotypes (Hia-f), defined by their capsular polysaccharide, or can be unencapsulated (nontypeable H. influenzae, ntHi). Prior to routine immunisation, serotype b (Hib) was a major cause of bacterial meningitis in young children and was associated with significant morbidity and mortality worldwide [1]. The introduction of the Hib conjugate vaccines into national childhood immunisation programmes more than two decades ago led to a rapid and sustained reduction in the incidence of invasive Hib disease across all age groups through direct and indirect (herd) protection [2].
In England, the Hib conjugate vaccine was introduced into the routine childhood immunisation programme in 1992 as a three dose infant priming schedule at 2, 3, and 4 months alongside a catch-up campaign for all children up to four years of age [3]. During 2000-02, an increase in Hib cases, initially among toddlers but soon followed across all age groups, led to a number of control measures, including changing to a more immunogenic vaccine (DTwP-Hib) in 2002, a toddler booster campaign in 2003 offering a dose of the Hib conjugate vaccine to all children who were only immunised in infancy, routine 12-month Hib/MenC combination booster in 2006, and a limited pre-school booster campaign for children who were too young for the 2003 booster campaign and too old for the 12 month booster [4]. These measures resulted in a rapid and sustained decline in the incidence of invasive Hib disease across all age groups, and the disease has remained well-controlled since then [5]. 
Following recent reports of rapid waning of immunity and effectiveness of the meningococcal C (MenC) vaccine in toddlers after the 12-month booster [6], we conducted a national seroprevalence study to measure Hib antibodies in children in 2015. Here, we also describe the current epidemiology of invasive H. influenzae disease in England and Wales, as well as the clinical characteristics and outcomes of invasive Hib disease during the past five years.

METHODS
National Seroprevalence
Participating NHS laboratories routinely submit residual sera from routine diagnostic testing to the Sero-Epidemiology Unit [7]. In total, 1,000 sera from children up to 8 years of age during 2013-2014 were selected.  Children in this age group would have been eligible for the 12-month booster, in addition to the three infant priming doses at 2-3-4 months, which was implemented in 2006.
Antibody concentrations (IgG) against the Hib capsular polysaccharide (polyribosyl-ribitol phosphate (PRP)) were quantified using a fluorescent bead assay, as described previously [9]. Briefly, PRP was conjugated to carboxylated microspheres (Luminex Corporation; Texas, United States) following bead activation (via a two-step carbodiimide reaction). Serum was diluted 1:100 and a standard curve prepared using the World Health Organization (WHO) international standard TE-3. Diluted preparations were added to a filter plate (Millipore, Watford, UK) and mixed with conjugated beads. Following incubation, the plate was washed and anti-human IgG-RPhycoerythrin (RPE) added to each well. Following incubation and washing, the plate was read on a BioPlex workstation (BioRad, Hertfordshire, UK) and analysis undertaken using Bioplex manager software, with a four parameter logistic fit model.
Antibody concentrations (IgG) against the Hib capsular polysaccharide (polyribosyl-ribitol phosphate, PRP) were quantified using a fluorescent bead assay.  Thresholds were defined as an anti-PRP IgG concentration of ≥0.15μg/mL for short-term protection against invasive Hib disease, ≥1μg/ml for long-term protection. These thresholds are based on previous animal experiments, studies on natural immunity, passive immunisation and the original clinical trials of Hib-PRP polysaccharide vaccines, which suggested that minimum anti-PRP IgG concentrations of 0.05–0.15 μg/ml at the time of exposure to the organism were required to protect against invasive disease [8,9]. 
Seroprevalence results were compared to three previous seroprevalence studies which used the same source of samples and laboratory testing methodology: (i) 1993–94, when the Hib conjugate vaccine had just been introduced into the national childhood immunisation programme; and (ii) 1995–2001, when routine infant Hib conjugate vaccination was in place; and (iii) 2009, following the various childhood boosters and the routine 12-month dose introduced in 2006. Median values with interquartile ranges (IQR) are reported because anti-PRP IgG concentrations were highly skewed and not normally distributed even when log-transformed. The Mann-Whitney U test was used to compare medians. Categorical variables are expressed as proportions and compared using the chi-squared test. 

National Surveillance
Public Health England (PHE) conducts enhanced national surveillance of IPD in England and Wales. Hospital laboratories routinely report clinically significant infections electronically to PHE and submit invasive H. influenzae isolates to the PHE reference laboratory for serotyping. For reported cases without isolate submission, PHE actively contacts the reporting laboratory to submit the isolate to the PHE reference laboratory for confirmation and serotyping. Invasive H. influenzae disease was defined as isolation of the organism from a normally sterile site. Bacterial isolates were confirmed as H. influenzae by their growth requirement for X and V factors [10], and ompP2-specific polymerase chain reaction (PCR) positivity [11]. Capsulation status was determined by PCR using bexA-specific primers [12]. Capsular type was confirmed by capsule-specific PCR using primers for types Hia–f [13]  and slide agglutination using monovalent Hia–f antisera [10]. Laboratory-confirmed invasive Hib disease diagnosed during 2009-2015 were followed up using a standardised questionnaire to the patient's general practitioner. Annual population estimates were obtained from the Office for National Statistics. Poisson 95% confidence intervals were calculated for incidence rates.  

Ethical Approval
National Research Ethics Service (NRES) approval for the sero-epidemiological surveillance of the National Immunisation programme of England and Wales (Research Ethics Committee number 05/Q0505/45) was granted by the Joint University College London/ University College London Hospital (UCL/UCLH) Committees on the Ethics of Human Research. PHE has legal permission, provided by Regulation 3 of The Health Service (Control of Patient Information) Regulations 2002, to process patient confidential information for national surveillance of communicable diseases (http://www.legislation.gov.uk/uksi/2002/1438/regulation/3/made). This includes PHE’s responsibility to monitor the safety and effectiveness of vaccines.


RESULTS
Seroprevalence
Of the 1,000 residual samples, based on the date of sample and age in months of the child, 805 belonged to children in the age group eligible for the 12-month booster that introduced in September 2006. The median anti-PRP IgG concentrations were highest among 1 year olds at 4.4 μg/ml (IQR, 1.3-14.9; n=99) and then declined rapidly to 2.1 μg/ml (IQR, 0.6-5.6; n=98) in 2 year-olds and 1.2 μg/ml (IQR, 0.40-3.2; n=100) in 3 year-olds (Figure 1). Median Hib concentrations remained ≥1 g/mL across the age-groups in the cohort eligible for three infant priming doses followed by the 12-month booster.

Overall, 89% of children (719/817) had anti-PRP concentrations ≥0.15μg/mL, the putative threshold for short-term protection, while 56% (448/807) had anti-PRP concentrations ≥1.00 μg/mL, the putative threshold for long-term protection against invasive Hib disease (Figure 2). However, only 23% (183/624) %) had anti-PRP concentrations ≥5.00 μg/mL, the putative threshold for protection against Hib carriage; proportions increased from 22% in 6-11 month-olds to peak at 45% among 1 year-olds and then declining to 27% in 2 year-olds, 15-22% among 3-7 year-olds and 25% among 8 year-olds.
 
Epidemiology 
During 2012-2016, the incidence of invasive Hib disease has remained very low across all age-groups (< 0.05 cases per 100,000 population), with a total of 67 laboratory-confirmed cases reported to PHE during this 5-year period (Figure 3). The incidence of invasive disease due to other serotypes has remained stable (0.14-0.20 cases per 100,000 population), while ntHi incidence has been increasing gradually from 0.12 cases/100,000 in 1990 to 1.2 cases/100,000 in 2016.
During the 5-year surveillance period, there were 3,523 confirmed cases in England and Wales, including 2,883 (81.8%) that were serotyped.  Of these, only 67 (2.3% were identified as Hib, 365 (12.7%) were other serotypes (4 Hia, 2 Hid, 85 Hie and 272 Hif) and 2,451 (85.0%) were ntHi. 
Of the 67 Hib cases, 11 (16%) were confirmed in children, including 5 in infants (aged <1 year), four in toddlers (1-4 year-olds), two in older children (5-14 year-olds). The remaining 56 cases (84%) were diagnosed in adults, including 15 in 15-44 year-olds, 26 in 45-64 year-olds and 14 in ≥65 year-olds. Of the cases with serotyped isolates, Hib was responsible for 2.0% of cases in <1 year-olds, 2.9% in 1-4 year-olds, 3.2% in 5-14 year-olds, 3.9% in 15-44 year-olds, 5,4% in 45-64 year-olds and 0.9% of 65+ year-olds (Table). Of the 5 infant cases – all with positive blood cultures – one was too young to be immunised and the other four had received one (n=1), two (n=1) or three (n=2) doses before developing invasive disease at 8-11 months of age. Of the four toddler cases, three were fully immunised with 4 doses and one was unimmunised. Hib was isolated from the CSF in one case and the blood in the remaining cases 
Only 2.0% (72/3,523) of the isolates were from the cerebrospinal fluid (CSF); of these 72 isolates, 54 were serotyped isolates and only one was identified as Hib. Other serotypes were responsible for 8 of the 54 cases with serotyped isolates: two (1 Hie, 1 Hif) of six cases in infants, four (all Hif) of nine cases in toddlers and two (1 Hie, 1 Hif) of 12 cases in 65+ year-olds (Table). The remaining were all identified as ntHi. Over the 5-year period, there were only two deaths within 30 days (case fatality rate, 3.0%; 95% CI, 0.4%-10.4%), both among 45-65 year-olds with underlying comorbidities.
DISCUSSION
The UK is currently experiencing a period of excellent Hib control across all age groups, 25 years after the vaccine was first introduced into the national childhood immunisation programme and 10 years after the introduction of a routine 12-month booster. This has been achieved through consistently high vaccine coverage in the childhood immunisation programmes, reaching 93.5% for the 3 infant priming doses by 12 months and 91.6% for the 12-month booster cove.Public [14] Currently, the incidence of invasive Hib disease is less than 1 case per million population, with nearly all cases occurring in adults.
We undertook a seroprevalence study to assess the immune status of children who would have been eligible for the 12 month Hib booster which was introduced in September 2006. This additional dose was added to the national immunisation programme after the national surveillance identified poor long-term protection in toddlers following three infant priming doses without a booster in the second year of life [15].
In September 2006, the UK also modified the infant meningococcal C conjugate vaccine (MCC) schedule from 3-dose infant priming schedule only to a 2-dose priming schedule at 2-3 months followed by a booster at 12-13 months. By 2010, however, MCC vaccine effectiveness was observed to decline rapidly from 96% in the first 12 months after vaccination, to 68% after 2 years, 60% after 3 years and only 31% thereafter [16]. Cases of MenC disease, however, remained low, especially in children, most likely because of the population protection offered by the initial catch-campaign targeting all individuals up to 25 years of age in 1999. In June 2013, however, one of the infant MCC doses was moved to the adolescent age group to maintain long-term population control because older teenagers are the main carriers of Neisseria meningitidis and conjugate vaccines prevent acquisition of carriage and onward transmission to others; in August 2015, this adolescent dose was replaced with the meningococcal ACWY conjugate vaccine to combat a national outbreak of group W meningococcal disease due to a hypervirulent strain belonging to the ST-11 clonal complex [17].
In the current seroprevalence study, we also observed rapid waning of Hib antibody concentrations after 1 year of age, with anti-PRP concentrations stabilising just above 1 µg/mL from three years of age. We have previously shown rapid waning of antibody in healthy toddlers who had been immunised against Hib and MenC in infance followed by the 12-month Hib/MenC booster [18]. The higher antibody anti-PRP concentrations at 8 years of age in the current cohort is likely to be due to a small proportion of 8 year-olds who would have received the Hib conjugate vaccine with their pre-school booster as part of the 2007-2009 Hib booster campaign [4]. This limited campaign targeted children who would have been too old for the 12-13 month booster but too young for the 2003 Hib booster campaign and is responsible for the large peak in Hib antibody concentrations among toddlers in the 2009 serosurvey (Figure 1). 
it is, however,  reassuring to note that nearly all the children eligible for the 12-month Hib booster had anti-PRP antibody concentrations above the putative threshold for short-term protection and more than half had antibody concentrations conferring long-term protection. Serum antibodies play a critical role in protection because of the rapid disease progression following invasion by encapsulated bacteria such as Hib [19]. Our results confirm that most children are adequately protected with the current Hib immunisation programme and this is evidenced by the low national incidence. 
In September 2013, the UK introduced an emergency national antenatal immunisation programme against pertussis using a combination vaccination vaccine that included the diphtheria and tetanus antigens.[20] At the time, there were concerns that these additional antigens might interfere with immune responses to conjugate vaccines in the infant immunisation programme that utilised tetanus-toxoid and the diphtheria toxin-related CRM197 proteins as their protein conjugates. We subsequently showed higher immunogenicity for tetanus-associated antigens, including tetanus-toxoid, as well as the Hib and MenC conjugate (which are both conjugated to tetanus toxoid) in infants whose mothers were vaccinated in pregnancy compared to those born to unimmunised mothers [21]. Vaccine responses to diphtheria toxoid and CRM-conjugated antigens were less predictable, with evidence of immune interferences for some of the antigens. Therefore, children immunised after the seroprevalence was undertaken may be better protected against Hib because of the antenatal immunisation programme. 
For the prevention of carriage, it has been proposed that higher antibody concentrations up to 5 µg/mL may be required [22,23].  Carriage studies after the introduction of the Hib conjugate vaccines have consistently reported zero or low carriage rates, especially in toddlers who were previously the main carriers of Hib [24]. That cases continue to occur sporadically across all age groups suggests that there may still be on-going circulation, highlighting the importance of maintaining high vaccination rates for those who are the most at risk, especially given that most adults are currently susceptible to Hib because of lack of natural boosting [7]. We are unable to confirm whether the recent Hib cases are associated with travel as has been reported for adult MenC cases [16]. In older adults, we have previously reported that most invasive Hib cases occur in those with chronic respiratory conditions who develop lower respiratory tract infections, similar to ntHi infections in this age group [5]. Given the rarity of Hib cases overall and among meningitis cases, even in children, the current UK recommendations for the prevention of secondary cases could be restricted to recommending chemoprophylaxis for close contacts of confirmed Hib cases only (https://www.gov.uk/government/publications/haemophilus-influenzae-type-b-hib-revised-recommendations-for-the-prevention-of-secondary-cases). 

STRENGTHS and LIMITATIONS
The strength of the current study is the national surveillance that has been in place for more than three decades, alongside a national reference laboratory offering a free confirmation and serotyping of invasive isolates. Since serotyping is not routinely performed in local laboratories, this service ensures high case ascertainment with high serotyping rates for all invasive isolates. An important limitation, however, is that only invasive isolates are serotyped and included in the surveillance, although H. influenzae is known to be a major cause of upper and lower respiratory tract infections, especially at the extremes of age.[25]
Another major strength of the current analysis is the multiple national seroprevalence studies since the introduction of Hib immunisation programme. As with all seroprevalence studies, however, the findings must be interpreted with caution. The residual sera from participating National Health Service (NHS) hospital laboratories may not be representative of the general population. However, the large number of samples does allow comparison by age and with previous seroprevalence studies, which used sample sources from similar geographical regions and were tested using the same methodology and in the same laboratory.

CONCLUSIONS
The incidence of invasive Hib disease remains extremely a decade after the addition of a routine 12-month booster into the national childhood immunisation programme. Although anti-PRP antibody concentrations wane rapidly after the 12-month booster, nearly all children maintain sufficiently high concentrations to confer at least short-term protection against invasive Hib disease. The continued small numbers of sporadic cases in adults highlights the importance of maintaining high vaccine coverage in children who are the main reservoirs of Hib.
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	Hib
	Other 
encapsulated
	Non-typeable
	Not 
serotyped
	All cases

	<1y
	5 (0)
	16 (2)
	225 (4)
	31 (2)
	277 (8)

	1-4y
	4 (1)
	30 (4)
	106 (4)
	36 (2)
	176 (11)

	5-14y
	2 (0)
	10 (0)
	50 (2)
	19 (2)
	81 (4)

	15-44y
	16 (0)
	34 (0)
	365 (11)
	95 (2)
	510 (13)

	45-64y
	26 (0)
	70 (0)
	389 (12)
	122 (6)
	607 (18)

	65+y
	14 (0)
	205 (2)
	1313 (10)
	326 (3)
	1858 (15)

	Not Reported
	0 (0)
	0 (0)
	3 (2)
	11 (1)
	14 (3)

	Total
	67 (1)
	365 (8)
	2451 (45)
	640 (18)
	3523 (72)



Table. Laboratory-confirmed cases of invasive Haemophilus influenzae disease and meningitis (numbers in parenthesis) by serotype in England and Wales over a five-year period between 2012 and 2016.




Figure 1. 
Comparison of median Haemophilus influenzae serotype b (Hib) anti-polyribosyl-ribitol phosphate (PRP) IgG antibody concentrations by age in years in the 2013-14 seroprevalence study with three previous seroprevalence studies conducted across England and Wales using the same methodology and in the same laboratory


Figure 2. Comparison of proportion of children with Haemophilus influenzae serotype b (Hib) anti-polyribosyl-ribitol phosphate (PRP) IgG antibody concentrations (A) ≥ 0.15 g/mL and (B) ≥ 1.0 g/mL by age in years in the 2013-14 seroprevalence study with three previous seroprevalence studies conducted across England and Wales using the same methodology and in the same laboratory. Hib antibody concentrations ≥ 0.15 g/mL and ≥ 1.0 g/mL refer to the putative levels considered as respectively providing short-term and long-term protection against invasive Hib disease.



Figure 3. Incidence (with 95% confidence intervals) of laboratory-confirmed invasive Haemophilus influenzae disease in England and Wales during 1990-2016. Hib = Haemophilus influenzae serotype b; Non-b = encapsulated  Haemophilus influenzae other than Hib; NTHi = non-typeable Haemophilus influenzae


2013-2014	6-11m	1y	2y	3y	4y	5y	6y	7y	8y	9y	10y	11y	12y	13y	14y	15y	1.13923	4.4455900000000002	2.0766599999999991	1.1503650000000001	1.14835	1.0904	1.1892199999999999	1.0346150000000001	1.657505	2009-2010	6-11m	1y	2y	3y	4y	5y	6y	7y	8y	9y	10y	11y	12y	13y	14y	15y	0.43643999999999999	1.8617999999999999	2.1765500000000002	2.410429999999999	4.9154099999999996	4.1296900000000001	1.2894600000000001	1.2977799999999999	1.82823	1.7987299999999999	0.52451999999999999	0.47028999999999999	0.30613000000000001	0.78127999999999997	0.82315000000000005	0.22852	1995-2001	6-11m	1y	2y	3y	4y	5y	6y	7y	8y	9y	10y	11y	12y	13y	14y	15y	0.67549999999999999	0.38	0.495	0.33600000000000002	0.45600000000000002	0.90300000000000002	0.89800000000000002	0.59799999999999998	1.0449999999999999	0.96	0.6915	1.0900000000000001	1.6850000000000001	1.4530000000000001	0.89100000000000001	1993-1994	6-11m	1y	2y	3y	4y	5y	6y	7y	8y	9y	10y	11y	12y	13y	14y	15y	0.92749999999999999	1.3815	1.54	1.3680000000000001	0.93899999999999995	0.49199999999999999	0.86899999999999999	0.91100000000000003	0.73899999999999999	1.2264999999999999	0.75449999999999995	0.76900000000000002	0.83099999999999996	1.131	0.96050000000000002	Age 

anti-PRP antibody (mg/mL)



Hib antibody ≥0.15 mg/ml in Children
2013-2014	6-11m	1y	2y	3y	4y	5y	6y	7y	8y	9y	10y	11y	12y	13y	14y	15y	0.87804879999999996	0.90909090000000004	0.93877549999999998	0.94	0.88888889999999998	0.91919189999999995	0.87755099999999997	0.93827159999999998	0.96875	2009-2010	6-11m	1y	2y	3y	4y	5y	6y	7y	8y	9y	10y	11y	12y	13y	14y	15y	0.68085099999999998	0.87662340000000005	0.91333339999999996	0.8947368	0.8933333	0.89655169999999995	0.83673470000000005	0.90510950000000001	0.9	0.85616440000000005	0.75	0.6875	0.67500000000000004	0.72727269999999999	0.8	0.64102570000000003	1995-2001	6-11m	1y	2y	3y	4y	5y	6y	7y	8y	9y	10y	11y	12y	13y	14y	15y	0.7722772	0.68944099999999997	0.78155339999999995	0.71428570000000002	0.77777779999999996	0.82608689999999996	0.86363639999999997	0.72222220000000004	0.82352939999999997	0.83333330000000005	0.78571429999999998	0.79310349999999996	0.91111109999999995	0.84444450000000004	0.8518519	1993-1994	6-11m	1y	2y	3y	4y	5y	6y	7y	8y	9y	10y	11y	12y	13y	14y	15y	0.8818182	0.89772730000000001	0.89215679999999997	0.84259260000000002	0.83783779999999997	0.78048779999999995	0.91891889999999998	0.78048779999999995	0.78260870000000005	0.83333330000000005	0.875	0.85714290000000004	0.875	0.82222220000000001	0.875	Age

Proportion (%)



Hib ≥1.0 mg/ml in Children
2013-2014	6-11m	1y	2y	3y	4y	5y	6y	7y	8y	9y	10y	11y	12y	13y	14y	15y	0.51219510000000001	0.78787879999999999	0.66326529999999995	0.56999999999999995	0.53535350000000004	0.52525250000000001	0.52040819999999999	0.49382720000000002	0.5625	2009-2010	6-11m	1y	2y	3y	4y	5y	6y	7y	8y	9y	10y	11y	12y	13y	14y	15y	0.31914890000000001	0.59740260000000001	0.68666669999999996	0.7302632	0.71333329999999995	0.76551720000000001	0.56462590000000001	0.57664230000000005	0.66	0.65068499999999996	0.375	0.375	0.3	0.42424240000000002	0.4	0.3333333	1995-2001	6-11m	1y	2y	3y	4y	5y	6y	7y	8y	9y	10y	11y	12y	13y	14y	15y	0.39108910000000002	0.3043478	0.33495150000000001	0.24630540000000001	0.27160489999999998	0.47826089999999999	0.45454549999999999	0.40740739999999998	0.50980400000000003	0.48148150000000001	0.38095240000000002	0.51724139999999996	0.66666669999999995	0.6	0.48148150000000001	1993-1994	6-11m	1y	2y	3y	4y	5y	6y	7y	8y	9y	10y	11y	12y	13y	14y	15y	0.48181819999999997	0.53409090000000004	0.62745099999999998	0.54629629999999996	0.48648649999999999	0.34146339999999997	0.43243239999999999	0.46341460000000001	0.34782610000000003	0.55555560000000004	0.42499999999999999	0.42857139999999999	0.4791667	0.51111110000000004	0.46875	Age

Proportion  (%)



Non-b	1.8256100000000001E-2	1.7108100000000001E-2	2.0085499999999999E-2	2.44534E-2	1.9529999999999999E-2	2.7918399999999999E-2	3.0695299999999998E-2	2.6205800000000001E-2	2.6124399999999999E-2	2.2548200000000001E-2	2.77495E-2	3.0138700000000001E-2	2.83652E-2	3.11337E-2	2.9161699999999999E-2	3.2629199999999997E-2	3.2856900000000001E-2	3.1913799999999999E-2	3.8166699999999998E-2	3.5817000000000002E-2	3.8656799999999998E-2	3.5601500000000001E-2	3.7534499999999998E-2	3.3973900000000001E-2	3.5018800000000003E-2	3.1298699999999999E-2	3.1298699999999999E-2	1.20213E-2	1.08553E-2	1.3949400000000001E-2	1.84251E-2	1.3409900000000001E-2	2.19753E-2	2.4799499999999999E-2	2.0275499999999998E-2	2.02127E-2	1.66035E-2	2.1909100000000001E-2	2.4349699999999998E-2	2.2585899999999999E-2	2.5411900000000001E-2	2.34538E-2	2.69993E-2	2.7269700000000001E-2	2.63661E-2	3.2706800000000001E-2	3.0384499999999998E-2	3.32859E-2	3.0261799999999998E-2	3.2244000000000002E-2	2.8700199999999999E-2	2.9795200000000001E-2	2.60512E-2	2.60512E-2	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2.5711700000000001E-2	2.1675699999999999E-2	3.3414800000000001E-2	5.4917199999999999E-2	3.1301200000000001E-2	7.6064900000000005E-2	9.5311400000000004E-2	6.5943000000000002E-2	6.5738500000000005E-2	4.6212999999999997E-2	7.6716300000000001E-2	9.3582899999999997E-2	8.1745700000000004E-2	0.1021504	8.8425599999999993E-2	0.11572490000000001	0.1186265	0.1121583	0.1695789	0.1484559	0.17776210000000001	0.1495436	0.16970789999999999	0.13696649999999999	0.14806130000000001	0.11496530000000001	0.1971	Hib	0.14133299999999999	0.13933300000000001	0.132688	8.3423300000000006E-2	5.0741599999999998E-2	4.3120899999999997E-2	3.6763400000000002E-2	3.8991400000000002E-2	3.0778699999999999E-2	4.0691699999999997E-2	4.8023900000000001E-2	5.5966200000000001E-2	7.1574600000000099E-2	6.9048999999999999E-2	5.6307700000000002E-2	4.9446799999999999E-2	4.7478100000000002E-2	4.64959E-2	4.0139899999999999E-2	2.9312899999999999E-2	2.6791300000000001E-2	2.1868200000000001E-2	1.88638E-2	2.0213600000000002E-2	1.69664E-2	1.4082900000000001E-2	1.4082900000000001E-2	0.13555400000000001	0.133575	0.126941	7.7654300000000107E-2	4.4924400000000003E-2	3.7292100000000002E-2	3.0916099999999998E-2	3.3175200000000002E-2	2.49207E-2	3.4928000000000001E-2	4.2314900000000003E-2	5.0305599999999999E-2	6.5970699999999896E-2	6.3469499999999998E-2	5.0734300000000003E-2	4.3899800000000003E-2	4.1964399999999999E-2	4.1024499999999998E-2	3.4689699999999997E-2	2.38325E-2	2.13327E-2	1.6390800000000001E-2	1.3365800000000001E-2	1.4785400000000001E-2	1.15046E-2	8.5085000000000004E-3	8.5085000000000004E-3	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2.4861239999999998	2.4237389999999999	2.1975150000000001	0.83944810000000003	0.29149259999999999	0.20479020000000001	0.1439397	0.16485759999999999	9.6674200000000002E-2	0.18292629999999999	0.26467109999999999	0.37051200000000001	0.62925189999999998	0.58641889999999997	0.38192340000000002	0.29117870000000001	0.26876309999999998	0.25925130000000002	0.18963659999999999	9.4142799999999999E-2	7.7209799999999995E-2	4.8067600000000002E-2	3.3588E-2	4.0387600000000003E-2	2.6128499999999999E-2	1.5677099999999999E-2	2.4E-2	NTHi	3.4818300000000003E-2	4.1245499999999997E-2	3.9097300000000001E-2	5.2416299999999999E-2	5.6914399999999997E-2	6.3610099999999906E-2	6.0311099999999999E-2	6.4813999999999997E-2	6.9818500000000006E-2	6.4464900000000006E-2	6.9040000000000004E-2	6.9500000000000006E-2	6.8754599999999999E-2	6.8415000000000004E-2	6.5676499999999999E-2	7.13699E-2	7.5428099999999998E-2	7.7242400000000003E-2	8.1344200000000005E-2	8.4815500000000002E-2	7.8632400000000102E-2	8.59515E-2	8.2286200000000004E-2	8.3752400000000102E-2	8.4601799999999797E-2	8.9004000000000097E-2	8.9004000000000097E-2	2.8854600000000001E-2	3.53452E-2	3.3200500000000001E-2	4.6589100000000001E-2	5.1114899999999998E-2	5.7844E-2	5.4553900000000002E-2	5.9082999999999997E-2	6.4114500000000102E-2	5.8775300000000003E-2	6.3381599999999996E-2	6.3866500000000104E-2	6.3146399999999894E-2	6.2834500000000001E-2	6.0122399999999999E-2	6.58696E-2	6.9972000000000006E-2	7.18332E-2	7.5985000000000094E-2	7.9498299999999994E-2	7.3353600000000005E-2	8.0725099999999994E-2	7.7093999999999996E-2	7.8596700000000103E-2	7.9489000000000004E-2	8.38949999999999E-2	8.38949999999999E-2	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	0.1246029	0.18325830000000001	0.16314290000000001	0.31185109999999999	0.3736582	0.47589350000000002	0.42598360000000002	0.4984518	0.58584570000000002	0.49678939999999999	0.57728990000000002	0.58823550000000002	0.57792319999999997	0.57506880000000005	0.53055370000000002	0.63835339999999996	0.72288010000000003	0.76672180000000001	0.86248210000000003	0.94866950000000005	0.81698729999999997	0.99339650000000002	0.91394759999999997	0.95525360000000004	0.98417220000000005	1.0939129999999999	1.1736	Year

Incidence per 100,000 population


1

