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ABSTRACT

OBJECTIVE: To describe the clinical presentation, risk factors, serotype distribution and outcomes of invasive pneumococcal disease (IPD) in children with sickle cell disease (SCD) following the introduction of the 13-valent pneumococcal conjugate vaccine (PCV13) in the United Kingdom
DESIGN: Prospective national newborn screening for SCD and enhanced national IPD surveillance
PARTICIPANTS: Children with SCD born in England between 01 September 2010 and 31 August 2014 who developed laboratory-confirmed IPD by 31 December 2015  
MAIN OUTCOMES AND MEASURES: Risk of IPD in children with SCD compared to children without SCD during the surveillance period
RESULTS: Eleven children homozygote for haemoglobin S (HbSS) and one double heterozygote for haemoglobin S and C (HbSC) developed IPD. Septicaemia (n=7) and lower respiratory tract infection (n=4) were the main clinical presentations and serogroup 15 (not present in PCV13) was responsible for 73% (8/11) of cases. Three children with HbSS (27%) died compared to <5% nationally. Children with HbSS had a 49-fold (95%CI, 27-89, p<0.001) higher risk of IPD compared to their peers without SCD.
CONCLUSIONS: Children with SCD remain at increased risk of IPD despite national newborn screening, early penicillin prophylaxis and high pneumococcal vaccine uptake.  They are also more likely to die of their infection compared to their peers without SCD. Most IPD cases are now due to serotypes not covered by PCV13. Healthcare professionals need to work more closely with families with SCD and local communities to emphasise the importance of penicillin prophylaxis, explore barriers, allay misguided beliefs and facilitate rapid access to healthcare. 



What’s Known on This Subject? 
Pneumococcal conjugate vaccines (PCV) are highly effective at preventing invasive pneumococcal disease (IPD) across all age groups through direct and indirect (herd) protection.
The UK introduced the 7-valent PCV into the national childhood immunisation programme in 2006, which was replaced with the 13-valent PCV (PCV13) in April 2010.
In the pre-PCV era, children with sickle cell disease (SCD) had a >600-fold increased risk of IPD, with more severe disease and higher case fatality. 
What This Study Adds?
In the PCV13 era, children with sickle cell disease (SCD) remain 49 times more likely to develop IPD and >5 times more likely to die of their infection.
Most IPD cases in children with SCD are due to pneumococcal serotypes that are not covered by PCV13. 
Healthcare professionals must continue working closely with families and local communities to highlight the importance of long-term penicillin prophylaxis, and to facilitate rapid healthcare access 



Introduction 
Children with sickle cell disease (SCD) often have functional asplenia, with dysfunctional antibody production and poor opsonophagocytosis, making them susceptible to encapsulated bacteria, especially Streptococcus pneumoniae.1,2,3 In the absence of any intervention, children with SCD have a 600-fold higher risk of invasive pneumococcal disease (IPD) compared to their healthy peers.4 With penicillin prophylaxis and 23-valent pneumococcal polysaccharide vaccination, this risk is reduced substantially, although children with SCD continued to have a 10-100-fold higher risk of IPD, with reported case fatality rates of up to 15% in industrialised countries.5,6,7
Pneumococcal conjugate vaccines (PCVs) are highly immunogenic and provide robust antibody responses, even in children with comorbidities such as SCD.8,9 In the United States, routine childhood immunisation with the 7-valent PCV (PCV7) in 2000 was associated with a significant decline in IPD incidence among patients with SCD, especially in children aged <5 years.10,11 The 13-valent pneumococcal conjugate vaccine (PCV13) was licensed in 2010 but its impact on IPD in children with SCD remains to be established. The United Kingdom introduced PCV7 in September 2006 at two, four and 12-13 months of age.12 This programme led to a rapid decline in PCV7-type and overall IPD across all age groups because of direct and indirect (herd) protection.13 In April 2010, PCV7 was replaced by a 13-valent PCV (PCV13) without any catch-up, to provide additional protection against some of the major replacing pneumococcal serotypes causing IPD.14
In 2006, a newborn bloodspot screening programme for SCD was also implemented in England.15 Prior to this, newborn screening was only available in some high prevalence regions.16 Recently, the newborn outcomes programme identified nine deaths in <5 year-olds with SCD, including three who died of IPD. We, therefore, undertook this study to describe the children with SCD who were identified through the national newborn screening programme and followed up as part of the national SCD screening programme, who developed IPD after PCV13 introduction, and to assess any additional risk compared with their peers without SCD, who developed IPD during the same surveillance period.

Methods
A national newborn screening programme for SCD was implemented across England between 2003-2006.17 SCD birth prevalence in England was estimated at 1 in 2,500 live births. To support implementation, standards for the programme (https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/402208/Standards2ndEdition1.pdf) and guidelines for the clinical care of children with SCD have been published.18 The latter recommend that infants with SCD should be referred to a specialist haemoglobinopathy team by eight weeks of age, and assessed and offered penicillin prophylaxis by three months. For this study, children with SCD were identified from the national newborn outcomes project, based at Kings College London between 2010 and April 2017 (and now based at National Congenital and Rare Disease registration service (NCARDS). The newborn outcomes study collects named patient data for all infants born in England with a screen positive result and follows-up infants with confirmed SCD to determine outcomes (https://www.gov.uk/government/publications/sickle-cell-and-thalassaemia-screening-outcome-data-collection-template). Since April 2010, all infants are routinely offered PCV13  and those at increased risk if IPD (including SCD) are also offered the 23-valent pneumococcal polysaccharide vaccine (PPV23) from two years of age.19

In England, Public Health England (PHE) conducts enhanced national surveillance of IPD, defined as S. pneumoniae cultured from a normally sterile site or pneumococcal DNA detected in cerebrospinal fluid (CSF) or pleural fluid. Briefly, hospital laboratories routinely report clinically significant infections to PHE electronically and submit invasive pneumococcal isolates to the PHE Reference Laboratory for confirmation and serotyping. For confirmed IPD in <5 year-olds, PHE routinely contacts general practitioners (GPs) to complete a short questionnaire on vaccination history, co-morbidities, risk factors, clinical presentation complications and outcomes of infection. Adherence to antibiotic prophylaxis in children with SCD was not formally assessed. 
 
Data Analysis
Children born between 01 September 2010 to 31 August 2014 (four annual birth cohorts) in England and diagnosed with laboratory-confirmed IPD until 31 December 2015 were included in the analysis. IPD cases in children with SCD were identified through the national surveillance questionnaires and compared to cases without SCD. The prevalence of SCD in England was provided from the newborn outcomes project, which also identified three deaths following IPD in this cohort during this period. Data on numbers of births obtained from the office for national statistics were used to provide total population denominators. Age-specific childhood population rates were obtained from the Office for National Statistics (https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/livebirths/adhocs/005962numberofhomebirthsandtotallivebirthsengland1994to2014). Population estimates for incomplete years were estimated by dividing the annual population in the defined age-group by the number of months of surveillance for that year. Data are mainly descriptive; categorical variables are described as percentages with binomial 95% confidence intervals (CI) and compared using the chi-squared test or Fisher exact test and continuous variables that did not follow a normal distribution are described as medians. Incidence rate ratios (IRR) with 95% CI were calculated using Poisson regression and used to estimate any additional risk of IPD in children with SCD compared to their peers without SCD. A p value of <0.05 was considered statistically significant.

Results
Between 01 September 2010 and 31 December 2015 (5 years and 4 months follow-up), there were 881 IPD cases in the four annual birth cohorts (born between 01 September 2010 and 31 August 2014) in England. Within this cohort, 12 cases in children with SCD were identified: 11 homozygote for haemoglobin S (HbSS) and one double heterozygote for haemoglobin S and C (HbSC).

Seven of the eleven HbSS cases with IPD were African (64%), and two each (18%) were Caribbean and mixed African/Caucasian. All were appropriately immunised with PCV13 and PPV23 for their age. The median age at IPD was 13 months, with the majority of cases (9/11, 82%) diagnosed before two years of age (Table 1) and serogroup 15 was most commonly responsible for IPD (8/11 cases, 73%). Two-thirds presented with septicaemia and a third with lower respiratory tract infection (LRTI); there were no cases of meningitis. All LRTI cases were diagnosed by two years of age and were due to serogroup 15. One child developed IPD due to a vaccine-preventable serotype; an infant with uncomplicated serotype 7F pneumococcal septicaemia at 3 months of age after a single infant PCV13 dose.

Of the two children with HbSS who developed IPD after their second birthday (2/11 cases, 18%), both were fully immunised with PCV13 and one had also received PPV23. The former developed IPD due to serogroup 15 and survived, while the latter developed IPD due to serotype 15B/C and died. Three children with HbSS, including two born prematurely, died of IPD – all due to serotype 15 B/C (case fatality rate [CFR], 27%); two had septicaemia and one had LRTI. 

There was one additional case of IPD in a child with HbSC, who was fully immunised, developed IPD due to a serotype 33F (non-PCV13) in the second year of life and recovered uneventfully.

Relative Risk of IPD
The denominator for the study cohort (all children in England born between 01/09/2010 and 31/08/2014) was 2,716,879 children, and included 700 children with HbSS and 304 with HbSC; within this cohort, 11 children with HbSS and one with HbSC developed IPD. The risk of IPD in the defined birth cohort over the surveillance period was 32/100,000 children. This compares with 1,571/100,000 in children with HbSS, which is 49-fold (95% CI, 27-89, p<0.00001) higher compared to their age-matched peers without SCD. Similarly, a 10-fold (95% CI, 2-73; P=0.004) risk was identified in children with HbSC (329/100,000) higher compared to their age-matched peers without SCD.

Discussion
Our study highlights the case for a national screening programme to rapidly detect SCD after birth (a condition with persistently high morbidity and mortality even in industrialised countries) and the importance of vaccination and penicillin prophylaxis in children with SCD.  We conducted this analysis after an excess of IPD-related deaths was identified during the long-term follow-up of children with SCD diagnosed through the evaluation of the national screening programme in England. We found a 49-fold increased risk of IPD in children with HbSS compared to their age-matched peers without SCD, during the period after PCV13 replaced PCV7 in 2010. This increased risk, however, is substantially lower than the >600-fold increased risk reported in the past.4 Nearly all the IPD episodes in children with SCD occurred in the first two years of life, which is not surprising because this age group struggles to mount protective antibodies against encapsulated bacteria such as the pneumococcus. Additionally, whilst it is reassuring that all the children with SCD and IPD had been appropriately immunised with PCV13 according to the nationally recommended schedule, nearly all cases were due to serotypes not included in PCV13. Only one case was due to a PCV13 serotype in a partially immunized infant. More concerning was the observation that three of the 11 children with HbSS died of their infection, despite all the pneumococcal strains being penicillin-sensitive.
 The introduction of PCV7 into national childhood immunisation programmes had a greater than expected impact on IPD due to the PCV7 serotypes across all age groups.13 Those at increased risk of IPD (including SCD) benefited directly (through vaccination) and indirectly (through herd protection) from the programme. In the US, where PCV7 was introduced in the early 2000’s, the Active Bacterial Core surveillance reported a 53% decline in IPD rates among children with SCD during 1998-2009, which was lower than the 74% decline observed among African-American children without SCD.11 Moreover, children with SCD remained at significantly higher risk of IPD compared to their healthy peers. They were also more likely to be hospitalised and die of their infection compared to healthy children with IPD. Other US studies have also reported significant declines in IPD rates among children with SCD following PCV7 introduction.10,20 
After PCV7 introduction, a number of reports emerged of IPD cases in children with SCD that were due to serotypes that were not covered by PCV7.21 The replacement of PCV7 with PCV13 in 2010 was timely because the latter vaccine provided protection against six additional serotypes. As yet, however, there are no published epidemiological studies on the impact of PCV13 on IPD in children with SCD. 
In England, the rapid decline in PCV13 serotypes across all age groups following PCV13 introduction is well-documented.14 We were unable to undertake any trends analysis in our cohort of children with SCD because of the relatively few IPD cases. Our results, however, show that PCV13 serotypes are now rarely responsible for IPD in children with SCD, most likely because of the excellent direct and indirect protection offered by the current immunisation programme. Consequently, the majority of IPD cases in children (including those with SCD) are now due to serotypes not included in PCV13.14 Others have also reported a disproportionate proportion of IPD cases due to non-PCV serotypes in children with SCD compared to children without SCD after PCV7 (77% vs. 44% in one study),11 and –more recently – after PCV13.22 It is noteworthy that, after PCV7 introduction, 10 and after PCV13 introduction,23 serogroup 15 appears to be a particularly common cause of IPD among children with SCD, accounting for 73% of IPD cases in our cohort. Genomic analysis of invasive isolates and murine SCD studies have suggested that some pneumococcal strains may be particularly adapted to cause invasive disease in children with SCD.24
Whilst it is reassuring that there were no cases of meningitis (the most severe presentation of IPD) in our SCD cohort, the CFR of 27% in children with HbSS is much higher than that reported for overall childhood IPD (4.4%), IPD in children with co-morbidities (8.5%) and even pneumococcal meningitis (11.0%) in England and Wales.25 Moreover, two of the three IPD-related deaths occurred in infants who had been born prematurely, who are also known to be at increased risk of IPD.26
Clinical Implications
IPD due to PCV13 serotypes is now rare in UK children, even in high-risk groups such as those with SCD.14 Timely immunisation according to the nationally recommended schedule is vital to ensure that children with SCD are adequately protected against all vaccine-preventable diseases. In the UK, children with asplenia or splenic dysfunction, including those with SCD are recommended to also have PPV23 from two years of age and every five years thereafter, although it’s  effectiveness  in at-risk individuals remains under considerable debate. 27,28
More importantly, however, since PCV13-type IPD is now rare, our results therefore, highlight the importance of education and advising on the importance of strict adherence to penicillin prophylaxis, which will not only help protect against all pneumococcal infections but also against other encapsulated bacteria.29 The lack of penicillin resistance among pneumococcal isolates causing IPD in our cohort of children with SCD may suggest that these children were not adherent to penicillin prophylaxis at the time of infection. Nationally, surveillance of children with SCD found that 97% of children with SCD were prescribed penicillin prophylaxis by 6 months, with only 7 refusals during the follow-up period of this study. A recent systematic review found that compliance rates for long-term medications in children with SCD ranged from 16% to 89%.30 In addition to the difficulties in administering daily medication to young children and to lifestyle factors, such as forgetting to give the medication or to obtain refill prescriptions on time, poor compliance is also related to levels of parental knowledge, understanding and beliefs about safety and effectiveness of medications. Healthcare professionals need to continue to work closely with SCD families and local communities to emphasise the importance of prophylaxis, explore barriers, allay any misguided negative personal or religious beliefs about SCD and infections, and also to facilitate rapid access to healthcare, including penicillin prescriptions when requested.31 Moreover, national screening programmes for SCD should consider including objective assessments of compliance to penicillin prophylaxis when evaluating outcomes.30
Strengths and Limitations
The UK newborn screening programme has been highly successful in identifying children with SCD because of the high screening coverage achieved, with nearly all infants diagnosed before they developed their first symptoms. The well-established national IPD surveillance has been in place for more than two decades, with high case ascertainment due to a single national reference laboratory and near-complete follow-up of cases in <5 year-olds. This study also highlights the value of linking different national datasets to study rare outcomes in small cohorts, which is often limited by the lack of appropriate denominator data. Ideally, we would have liked to compare IPD rates in children with SCD to IPD rates in Afro-Caribbean children without SCD, and to children with and without co-morbidities. However, ethnicity is poorly reported and we do not have reliable national denominator data for children with different co-morbidities. It is also important to emphasise that, despite the high relative risk, there were only 12 children with SCD in England who developed laboratory-confirmed IPD over >5 follow-up years. Additionally, we did not formally assess compliance with penicillin prophylaxis, which is known to be highly protective against IPD, especially in countries such as the UK, where pneumococcal penicillin-resistance is rare.32 
Conclusions
Children with SCD remain at increased risk of IPD in spite of all the current interventions, including newborn screening, early referral for long-term specialist care, recommendations for daily penicillin prophylaxis from three months of age and timely immunisation with high uptake rates. Given that most serotypes causing IPD in children with SCD are now no longer vaccine preventable, increased efforts must be made to improve uptake and adherence to penicillin prophylaxis. Further studies should assess whether improving parental education to seek early medical help might also achieve better outcomes. Our findings also highlight the need for higher valency PCV or, preferably, a universal vaccine targeting all pneumococci irrespective of their capsular serotype.33

Acknowledgements
We thank all those who have helped with the study – in particular those who have contributed data and those who have supported the work. This includes the Sickle Cell Society, the UK Thalassemia Society and the Information governance group including the Chair Prof Dame Elizabeth Anionwu, all the Newborn Screening laboratories and staff and Clinicians both those in the community and in hospital and Rupa Sisodia for data collection for the project, Rad Latinovic for leadership on data security and governance and Elizabeth Dormandy for overall support to design of the project. Funding for the project has been through the Department of Health to the National Screening programme. We would also like to thank all the GPs and Paediatricians who regularly complete surveillance questionnaires for the childhood IPD cases



References
1. 	Beauvais P. Sickle cell anemia and functional asplenia (author’s transl). Arch Fr Pediatr. 1982;39(3):141-144.
2. 	Battersby AJ, Knox-Macaulay HHM, Carrol ED. Susceptibility to invasive bacterial infections in children with sickle cell disease. Pediatr Blood Cancer. 2010;55(3):401-406. 
3. 	Pearson HA. Sickle cell anemia and severe infections due to encapsulated bacteria. J Infect Dis. 1977;136 Suppl:S25-S30. 
4. 	Overturf GD, Powars D, Baraff LJ. Bacterial meningitis and septicemia in sickle cell disease. Am J Dis Child. 1977;131(7):784-787. 
5. 	Adamkiewicz T V, Sarnaik S, Buchanan GR, et al. Invasive pneumococcal infections in children with sickle cell disease in the era of penicillin prophylaxis, antibiotic resistance, and 23-valent pneumococcal polysaccharide vaccination. J Pediatr. 2003;143(4):438-444. 
6. 	Gaston MH, Verter JI, Woods G, et al. Prophylaxis with oral penicillin in children with sickle cell anemia. A randomized trial. N Engl J Med. 1986;314(25):1593-1599. 
7. 	Hord J, Byrd R, Stowe L, Windsor B, Smith-Whitley K. Streptococcus pneumoniae sepsis and meningitis during the penicillin prophylaxis era in children with sickle cell disease. J Pediatr Hematol  Off J Am Soc Pediatr Hematol. 2004;24(6):470-472. 
8. 	Davies EG, Riddington C, Lottenberg R, Dower N. Pneumococcal vaccines for sickle cell disease. Cochrane Database Syst Rev. 2004;(1):CD003885. 
9. 	Black S, Shinefield H, Fireman B, et al. Efficacy, safety and immunogenicity of heptavalent pneumococcal conjugate vaccine in children. Northern California Kaiser Permanente Vaccine Study Center Group. Pediatr Infect Dis J. 2000;19(3):187-195. 
10. 	Halasa NB, Shankar SM, Talbot TR, et al. Incidence of invasive pneumococcal disease among individuals with sickle cell disease before and after the introduction of the pneumococcal conjugate vaccine. Clin Infect Dis. 2007;44(11):1428-1433. 
11. 	Payne AB, Link-Gelles R, Azonobi I, et al. Invasive pneumococcal disease among children with and without sickle cell disease in the United States, 1998 to 2009. Pediatr Infect Dis J. 2013;32(12):1308-1312. 
12. 	Department of Health Planned changes to the routine Childhood Immunization Programme. http//www.dh.gov.uk/en/Publicationand Stat. 2012.
13. 	Miller E, Andrews NJ, Waight PA, Slack MPE, George RC. Herd immunity and serotype replacement 4 years after seven-valent pneumococcal conjugate vaccination in England and Wales: An observational cohort study. Lancet Infect Dis. 2011;11(10):760-768. 
14. 	Waight PA, Andrews NJ, Ladhani SN, Sheppard CL, Slack MPE, Miller E. Effect of the 13-valent pneumococcal conjugate vaccine on invasive pneumococcal disease in England and Wales 4 years after its introduction: An observational cohort study. Lancet Infect Dis. 2015;15(5):535-543. 
15. 	Newborn Blood Spot Standards for newborn blood spot screening About the NHS Newborn Blood Spot Screening Programme. 2013;(August):1-32.
16. 	Survey of scope of neonatal screening in the United Kingdom (BMJ) Streetly, A., Grant, C, Pollitt, R.J, Addison, G.M. BMJ. 1995;311(7007):726.
17. 	Telfer P, Coen P, Chakravorty S, et al. Clinical outcomes in children with sickle cell disease living in England: A neonatal cohort in East London. Haematologica. 2007;92(7):905-912. 
18. 	NICE. Standards for the national screening programme and guidelines for the clinical care of children with sickle cell disease in England. https://www.gov.uk/./file/408961/1332-SC-Clinical-Standards-WEB.pdf. 2016.
19. 	Ramsay M. Immunisation against Infectious Disease: The Green Book, Public Health England. 2017. https://www.gov.uk/government/collections/immunisation-against-infectious-disease-the-green-book.
20. 	Adamkiewicz T V, Silk BJ, Howgate J, et al. Effectiveness of the 7-valent pneumococcal conjugate vaccine in children with sickle cell disease in the first decade of life. Pediatrics. 2008;121(3):562-569. 
21. 	McCavit TL, Quinn CT, Techasaensiri C, Rogers ZR. Increase in invasive Streptococcus pneumoniae infections in children with sickle cell disease since pneumococcal conjugate vaccine licensure. J Pediatr. 2011;158(3):505-507. 
22. 	Martin OO, Moquist KL, Hennessy JM NS. invasive pneumococcal disease in children with sickle cell disease in the pneumococcal conjugate vaccine era. Pediatr Blood Cancer. 2017.
23. 	Navalkele P, Özgönenel B, McGrath E, Lephart P, Sarnaik S. Invasive Pneumococcal Disease in Patients With Sickle Cell Disease. J Pediatr Hematol Oncol. 2017;0(0):1. 
24. 	Carter R, Wolf J, Van Opijnen T, et al. Genomic analyses of pneumococci from children with sickle cell disease expose host-specific bacterial adaptations and deficits in current interventions. Cell Host Microbe. 2014;15(5):587-599. 
25. 	Ladhani SN, Slack MPE, Andrews N, Waight P a., Borrow R, Miller E. Invasive pneumococcal disease after routine pneumococcal conjugate vaccination in children, England and Wales. Emerg Infect Dis. 2013;19(1):61-68. 
26. 	Shinefield H, Black S, Ray P, Fireman B, Schwalbe J LE. Efficacy, immunogenicity and safety of heptavalent pneumococcal conjugate vaccine in low birth weight and preterm infants. Pediatr Infect Dis J. 2002;21(3):182-186.
27. 	Borrow R, Heath PT SC. Use of pneumococcal polysaccharide vaccine in children: what is the evidence? Curr Opin Infect Dis. 2012;25(3):292-303.
28. 	Davies JM, Lewis MP, Wimperis J, Rafi I, Ladhani S B-MPBC for S in H. Review of guidelines for the prevention and treatment of infection in patients with an absent or dysfunctional spleen: prepared on behalf of the British Committee for Standards in Haematology by a working party of the Haemato-Oncology task force. Br J Haematol. 2011;155(3):308-317.
29. 	Berkovitch M, Papadouris D, Shaw D, Onuaha N, Dias C ON. Trying to improve compliance with prophylactic penicillin therapy in children with sickle cell disease. Br J Clin Pharmacol. 1998;45(6):605-607.
30. 	Duncan NA, Kronenberger WG, Hampton KC, et al. A validated measure of adherence to antibiotic prophylaxis in children with sickle cell disease. Patient Prefer Adherence. 2016;10:983-992. 
31. 	Elliott V, Morgan S, Day S, Mollerup LS Wang W. Parental health beliefs and compliance with prophylactic penicillin administration in children with sickle cell disease. J Pediatr Hematol Oncol. 2001;23(2):112-116.
32. 	Henderson KL, Muller-Pebody B, Ladhani S, et al. NICE on bacterial meningitis. Vancomycin may not be necessary. BMJ. 2010 Aug 27;341:c4704. doi: 10.1136/bmj.c4704..
33. 	Ladhani SN. The Story of Sisyphus: Why We Need a Universal Pneumococcal Vaccine to Replace Current Conjugate Vaccines. Clin Infect Dis. 2015.

1

Table 1: Characteristics of Children with Sickle Cell Disease (HbSS) born between 01 September 2010 and 31 August 2014 who developed Invasive Pneumococcal Disease (IPD) in England and Wales between September 2010 and 31 December 2015 

	Characteristics
	
	0-12 months
	13-24 months
	>2 years
	Total

	N (%)
	
	4(36)
	5(46)
	2(18)
	11(100)

	Sex
	
	
	
	
	

	
	Male
	2(50)
	3(60)
	1(50)
	6(55)

	Ethnicity
	
	
	
	
	

	
	African
	3(75)
	3(60)
	1(50)
	7(64)

	
	Caribbean
	1(25)
	1(20)
	0(0)
	2(18)

	
	Mixed white/African
	0(0)
	1(20)
	1(50)
	2(18)

	Comorbidity
	
	
	
	
	

	
	Prematurity
	1(25)
	2(40)
	0(0)
	3(27)

	
	Others
	0(0)
	0(0)
	0(0)
	0(0)

	Presentations
	
	
	
	
	

	
	Septicaemia
	2(50)
	3(60)
	2(100)
	7(64)

	
	Pneumonia
	2(50)
	2(40)
	0(0)
	4(36)

	Serotypes
	
	
	
	
	

	PCV13
	7F
	1(25)
	0(0)
	0(0)
	1(9)

	
	
	
	
	
	

	Non-PCV13
	15
	0(0)
	0(0)
	1(50)
	1(9)

	
	15A
	1(25)
	1(20)
	0(0)
	2(18)

	
	15B/C
	1(25)
	3 (60)
	1(50)
	5(45)

	
	35B
	0(0)
	1(20)
	0(0)
	1(9)

	
	35F
	1(25)
	0(0)
	0(0)
	1(9)

	Case fatality
	
	
	
	
	

	
	
	0(0)
	2(67)
	1(50)
	3(27)



Key
PCV13 = Serotypes included in 13 valent Pneumococcal Conjugate Vaccine
Non-PCV13= Serotypes NOT included in 13 valent Pneumococcal Conjugate Vaccine

