SEROTYPE DISTRIBUTION OF Streptococcus Pneumoniae RECOVERED FROM
ADULTS IN THE UNITED STATES AND SELECTED EUROPEAN COUNTRIES (2009-
2013)

R. E. Mendes?, S. E. Costello?!, H. L. Sings?, R. K. Flamm?, R. E. Isturiz?
1JMI Laboratories, North Liberty, lowa, USA
2Pfizer Inc., Collegeville, Pennsylvania, USA

INTRODUCTION

*  Streptococcus pneumoniae is an important pathogen responsible for community-acquired pneumonia (CAP), bacteraemia,
meningitis and otitis media, and continues to be a major cause of morbidity and mortality worldwide.

*  Following the introduction of the seven-valent and 13-valent pneumococcal conjugate vaccines (PCV7, PCV13) in National
Immunization Programs (NIPs) globally, a decline in the incidence of invasive pneumococcal disease (IPD) and non-IPD has
been documented among children <5 years of age (see Table 1 for NIP within countries included in this study).

*  Widespread use of these vaccines has been associated with declines in pneumococcal infections (herd effects) in the older,
non-vaccinated, population as a result of a reduction in transmission of vaccine-type pneumococci.

* Itis important to continually evaluate serotypes in IPD and non-IPD among the adult population.

*  This study was conducted to determine the prevalence and serotype distribution of S. pneumoniae in clinical isolates
associated with non-invasive lower respiratory tract infections (recovered mostly from sputum or lower respiratory tract
secretions) among adult patients in the US and selected European countries from 2009 through 2013.

Clinical isolates

* Atotal of 5,303 S. pneumoniae isolates (4,323, US; 423, France; 164, Germany; 180, Ireland; 213, United Kingdom [UK]) were
included.

* Isolates were recovered from patients 218 years of age between 2009 - 2013.

*  Most (80.3%) S. pneumoniae isolates originated from lower respiratory tract specimen cultures - only 6.7% of isolates were
cultured from invasive sources.

* Isolates were collected and submitted to a central monitoring laboratory (JMI Laboratories, North Liberty, lowa, USA), as part
of the SENTRY Antimicrobial Surveillance Program following specific guidelines.

* Bacterial identification was performed by the participating microbiology laboratory and confirmed by the central monitoring
laboratory (JMI Laboratories, North Liberty, lowa, USA).

*  Confirmation of bacterial identification was performed by colony morphology and biochemical algorithms. When the bacterial
identification was questionable using phenotypic methods or an untypeable serotyping result was obtained by the applied
methodology, isolates were subjected to a PCR assay for further identification.

Pneumococcal serotyping

* Isolates were subjected to PCR assays for amplification of the cpsB gene. Amplicons were sequenced on both strands and the
nucleotide sequences were analysed using the Lasergene software package (DNASTAR, Madison, Wisconsin, USA).

*  Sequences were compared to others available via Pubmed (http://www.ncbi.nIm.nih.gov/blast/). Due to sequence homology
among certain serotypes, those showing nucleotide sequence similarity greater than 99% were grouped (e.g. 9V/9A, 7F/7A,
11A/11D, 15A/15F, 22F/22A, 15B/15C). All isolates determined to be serogroup 6 by sequencing analysis were subjected to
multiplex PCR assays for confirmation and discrimination between 6A/6B and 6C/6D. Isolates determined to be serogroup
6A/6B and 7F/7A were serotyped by the capsular swelling method using commercially available antisera according to
manufacturer's instructions (Statens Serum Institut, Copenhagen, Denmark).

CONCLUSIONS

* The prevalence of PCV7 serotypes associated with non-invasive lower respiratory tract infections in adults in the US and
Europe declined. However, PCV7 serotypes remained elevated in France (12.0%), Germany (12.6%) and Ireland (21.9%).

* The higher prevalence of PCV7 serotypes observed in respiratory isolates in adults in Ireland may be due to a later
implementation of the paediatric NIP (2008), compared to the other investigated countries.

*  Prevalence of PCV13 serotypes also decreased during the study period in all evaluated countries, which can be attributed
presumably to herd effects from paediatric NIPs. However, the prevalence of PCV13 serotypes remained high in Ireland
(42.2%) and France (38.9%).

* Despite PPV23 use in adults, the prevalence of the serotypes contained in PPV23 and not PCV13 generally increased after the
introduction of PCV13 into the infant NIP. Other studies have shown an increase in the serotypes unique to PPV23 for IPD in
adults in the UK following PCV13 use in infants.

* Continued surveillance is needed to monitor the impact of PCV13 on the distribution of S. pneumoniae serotypes among older
US and European adults as paediatric immunisation programmes mature.
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RESULTS

PCV7 Serotypes

* Between 2009-2013, PCV7 serotypes were most prevalent in adults in Ireland (32.2%), where PCV7 use in infants did not
begin until 2008 (Figure 1 and Table 1).

*  PCV7 serotypes were lowest among respiratory isolates in adults in the US, as PCV7 implementation in US infants occurred 6
to 8 years earlier than in France, Germany, Ireland and the UK (Figure 2A).

PCV13 Serotypes

* In each of the respective countries, PCV13 was incorporated into the infant NIPs in 2009/2010 (Table 1). The percent of
isolates associated with PCV13 serotypes decreased by 17%, 25%, 24%, 24% and 6.2% in France, Germany, Ireland, the UK and
the US, respectively (2010-2013 vs 2009-2010) (Figure 2B).

*  Serotypes 19A (16.1%), 3 (9.1%) 7F (5.1%) and 6A (1.1%) were detected in the US during 2009-2010, and decreased to 12.4%,
8.1%, 1.3% and 0.6%, respectively, in the second period (Table 2).

*  While the overall prevalence of PCV13 serotypes decreased in Europe (from 54.8% to 30.9%), primarily due to decreases of 3
and 6A, serotype 19A increased in France, Germany and Ireland (Tables 1 and Table 2).

Non-PCV13 serotypes

* The prevalence of non-PCV13 serotypes increased among all countries investigated (2010-2013 vs 2009-2010) (Figure 2C).

* The prevalence of serotypes unique to PPSV23 increased between the respective time periods in each country examined, with
the exception of France (19.0% vs 14.8%; Figure 2D).
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Figure 1: Relative overall percentages of S. pneumoniae vaccine serotypes observed in the USA and European countries collected
during 2009-2013 in the SENTRY Antimicrobial Surveillance Program.

Table 1: Summary of pneumococcal vaccine recommendations .

Infants

¢  PCV7introduced into NIP in 2006 (2 + 1); replaced by PCV13 in 2010. Vaccine coverage ~94 %.
France Other ages

*  PCV13 recommended for at risk (22 years of age) since 2013
*  PPV23 recommended for at risk (=5 years of age) since 2013

Infants

*  PCV7introduced into NIP in 2006 (3+1); replaced by PCV10/PCV13 in 2009; current uptake is >90%, of which 96% is PCV13.
Germany Other ages

*  PCV13 for some at-risk age groups since 2014
*  PPV23 recommended for at-risk adults since 1982. Recommended for those = 60 years since 1998.

Infants
*  PCV7introduced into NIP in 2008 (2 + 1); replaced by PCV13 in 2010. Vaccine coverage ~91 %
Ireland Other ages
*  PCV13/PPV23 for some medium and high-risk age groups since 2013
*  PPV23 for those 265 years since 2013

Infants

*  PCV7introduced into NIP in 2006 (2 + 1); replaced by PCV13 in 2010. Vaccine uptake ~90%.
Other ages

*  PPV23 for atrisk = 2 years since 1992 and all 265 years since 2003.

United Kingdom

Infants
United States ¢ PCV7introduced into NIP in 2000 (3 + 1); replaced by PCV13 in 2010. Vaccine uptake ~90%.
Other ages

*  PPV23 for those 265 years since 1983; PCV13 followed by PPV23 for those 265 years since 2014.

Figure 2: Relative percentages of S. pneumoniae serotypes observed during pre and post PCV13 implementation by country and
sampling year.

Table 2: Serotype distribution of PCV7 and PCV13 isolates detected between sampling periods in the US and European countries.

Number of isolates (%) by region

Serogroup/type e Europe
2009-2010 2012-2013 2009-2010 2012-2013

PCV7 72 (4.8) 64 (3.8) 72 (20.9) 44 (11.7)
19F 43 (2.9) 43 (2.5) 21(6.1) 18 (4.8)
18(18A/18B/18C/18F) 5(0.3) 2(0.1) 3(0.9) 3(0.8)
9V/9A 3(0.2) 5(0.3) 12 (3.5) 6(1.6)
6B 6(0.4) 4(0.2) 11(3.2) 7(1.9)
23F 7(0.5) 4(0.2) 10 (2.9) 1(0.3)
14 5(0.3) 2(0.1) 13 (3.8) 4(1.1)

4 3(0.2) 4(0.2) 2(0.6) 5(1.3)
PCV13 540 (36.2) 443 (26.2) 189 (54.8) 116 (30.9)
19A 240 (16.1) 210 (12.4) 31(9.0) 33(8.8)
3 136 (9.1) 136 (8.1) 48 (13.9) 23 (6.1)
7F 76 (5.1) 22(1.3) 14 (4.1) 12 (3.2)
6A 16 (1.1) 10 (0.6) 16 (4.6) 4(1.1)
1 0(0.0) 1(<0.1) 6(1.7) 0(0.0)

5 0(0.0) 0(0.0) 2(0.6) 0(0.0)

Table 3: Serotype distribution of specific PCV7 and PCV13 isolates detected between sampling periods in European countries.

Number of isolates (%) by European country

Serogroup/type France Germany Ireland United Kingdom
2009-2010 2012-2013 2009-2010 2012-2013 2009-2010 2012-2013 2009-2010 2012-2013

PCV7
19F 9(23.1) 9(69.2) 3(42.9) 3 (25.0) 8(36.4) 4(28.6) 1(25.0) 2(40.0)
18(18A/18B/18C/18F) 1(2.6) 0(0.0) 1(14.3) 2(16.7) 1(4.5) 0(0.0) 0{0.0) 1(20.0)
9IV/9A 8(20.5) 2 (15.4) 1(14.3) 0(0.0) 2(9.1) 2(14.3) 1(25.0) 2(40.0)
6B 6(15.4) 2(15.4) 0(0.0) 0(0.0) 4(18.2) 5(35.7) 1(25.0) 0(0.0)
23F 5(12.8) 0(0.0) 2(28.6) 0(0.0) 2(9.1) 1(7.1) 1(25.0) 0(0.0)
14 8(20.5) 0(0.0) 0(0.0) 2(16.7) 5(22.7) 2(14.3) 0(0.0) 0(0.0)
4 2(5.1) 0(0.0) 0(0.0) 5(41.7) 0(0.0) 0(0.0) 0(0.0) 0(0.0)

PCV13
19A 18 (26.9) 18 (62.1) 3(16.7) 4(28.6) 3(25.0) 9(69.2) 7(35.0) 2(12.5)
3 29 (43.3) 8(27.6) 12 (66.7) 8(57.1) 1(8.3) 0(0.0) 6(30.0) 7(43.8)
7F 7(10.4) 2(6.9) 2(11.1) 1(7.1) 2(16.7) 3(23.1) 3(15.0) 6(37.5)
6A 8(11.9) 1(3.4) 0(0.0) 1(7.1) 6(50.0) 1(7.7) 2(10.0) 1(6.3)
1 3(4.5) 0(0.0) 1(5.6) 0(0.0) 0(0.0) 0(0.0) 2(10.0) 0(0.0)

2(3.0) 0(0.0) 0(0.0) 0(0.0) 0{0.0) 0(0.0) 01{0.0) 01{0.0)

Andrews NJ, Waight PA, George RC, Slack MP, Miller E (2012). Impact and effectiveness of 23-valent pneumococcal polysaccharide vaccine against invasive pneumococcal disease in the elderly in England and Wales. Vaccine 30: 6802 -
6808.

Castiglia P (2014). Recommendations for pneumococcal immunization outside routine childhood immunization programs in Western Europe. Adv Ther 31: 1011-1044.

Direct and indirect effects of routine vaccination of children with 7-valent pneumococcal conjugate vaccine on incidence of invasive pneumococcal disease--United States, 1998-2003 (2005). MMWR Morb Mortal Wkly Rep [Internet]
54:893 - 897. Available from: http://www.ncbi.nim.nih.gov/pubmed/16163262

Evers SM, Ament AJ, Colombo GL, Konradsen HB, Reinert RR, Sauerland D, Wittrup-Jensen K, Loiseau C, Fedson DS (2007). Cost-effectiveness of pneumococcal vaccination for prevention of invasive pneumococcal disease in the elderly:
an update for 10 Western European countries. Eur J Clin Microbiol Infect Dis 26: 531-540.

Fedson DS, Nicolas-Spony L, Klemets P, van der Linden M, Marques A, Salleras L, Samson SI (2011). Pneumococcal polysaccharide vaccination for adults: new perspectives for Europe. Expert Rev Vaccines 10: 1143-1167.

Harboe ZB, Dalby T, Weinberger DM, Benfield T, Mglbak K, Slotved HC, Suppli CH, Konradsen HB, Valentiner-Branth P (2014). Impact of 13-valent pneumococcal conjugate vaccination in invasive pneumococcal disease incidence and
mortality. Clin Infect Dis 59: 1066 — 1073.

Iméhl M, Méller J, Reinert RR, Perniciaro S, van der Linden M, Aktas O (2015). Pneumococcal meningitis and vaccine effects in the era of conjugate vaccination: results of 20 years of nationwide surveillance in Germany. BMC Infect Dis
15:61-63.

MeichtryJ, Born R, Kiiffer M, Zwahlen M, Albrich WC, Brugger SD, MiithlemannK, Hilty M (2014). Serotype epidemiology of invasive pneumococcal disease in Swiss adults: a nationwide population-based study. Vaccine 32: 5185 —
5191.

Mendes RE, Hollingsworth RC, Costello A, Jones RN, Isturiz RE, Hewlett D Jr, Farrell DJ (2015). Noninvasive Streptococcus pneumoniae serotypes recovered from hospitalized adult patients in the United States in 2009 to 2012.
Antimicrob Agents Chemother 59: 5595 — 5601.

Miller E, Andrews NJ, Waight PA, Slack MP, George RC (2011). Herd immunity and serotype replacement 4 years after seven-valent pneumococcal conjugate vaccination in England and Wales: an observational cohort study. Lancet
Infect Dis 11: 760-768.

Miller E, Andrews NJ, Waight PA, Slack MPE, George RC (2011). Effectiveness of the new serotypes in the 13-valent pneumococcal conjugate vaccine. Vaccine 29:9127 — 9131.

Moberley SA, Holden J, Tatham D (1998). Vaccination recommendations of the standing vaccination (STIKO) at the Robert Koch Institute/Updated March 1998. Epid Bull 15: 101-114.

Musher DM, Sampath R, Rodriguez-Barradas MC (2011). The potential role for protein-conjugate pneumococcal vaccine in adults: what is the supporting evidence? Clin Infect Dis 52: 633-640.

Pilishvili T, Bennett NM (2015). Pneumococcal disease prevention among adults: Strategies for the use of pneumococcal vaccines. Vaccine 33 Suppl 4: D60-D65.

Regev-Yochay G, Paran Y, Bishara J, Oren |, Chowers M, Tziba Y, Istomin V, Weinberger M, Miron D, Temper V, Rahav G, Dagan R; for the IAIPD group (2015). Early impact of PCV7/PCV13 sequential introduction to the national pediatric
immunization plan, on adult invasive pneumococcal disease: A nationwide surveillance study. Vaccine S0264-410X(15)00049-3.

Smith KJ, Wateska AR, Nowalk MP, Raymund M, Nuorti JP, Zimmerman RK (2012). Cost-effectiveness of adult vaccination strategies using pneumococcal conjugate vaccine compared with pneumococcal polysaccharide vaccine. JAMA
307: 804-812. Steens A, Riise Bergsaker MA, Aaberge IS, Ronning K, Vestrheim DF (2013). Propmt effect of replacing the 7-valent pneumococcal conjugate vaccine with the 13-valentvaccine on the epidemiology of invasive
pneumococcal disease in Norway. Vaccine 31: 6232 — 6238.

Tin Tin Htar M, Christopoulou D, Schmitt HJ (2015). Pneumococcal serotype evolution in Western Europe. BMC Infect Dis 15: 419.

Weise HJ (1982). Bekanntmachungen des Bur i 25:170-171.

Weycker D, Sato R, Strutton D, Edelsberg J, Atwood M, Jackson LA (2012). Public health and economic impact of 13-valent pneumococcal conjugate vaccine in US adults aged >/=50 years. Vaccine 30: 5437-5444.



http://www.ncbi.nlm.nih.gov/pubmed/16163262
http://www.ncbi.nlm.nih.gov/blast/

