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 25 

Abstract 26 

This study used several datasets of reported and serotyped invasive pneumococcal 27 

disease (IPD) cases to estimate vaccine and non-vaccine type incidence in Hong Kong 28 

children. Incidence was analyzed by four time periods to indicate pre-PCV (period 1, 29 

1995-2004), private market only (period 2, 2006-2009 ), and following early (period 3, 30 

2010-2014, mixed use of 7-, 10- and 13-valent vaccines) and more than five years 31 

(period 4, 2015-2017, 13-valent vaccine only) of routine implementation (since 32 

September 2009). IPD incidence decreased by 85% and 35% in aged <2 years and 33 

aged 2 to <5 years, respectively, from period 1 to period 4. This was due to a 97% 34 

reduction in the serotypes covered by 7-valent vaccine. In period 4, 59% of the 35 

disease was caused by serotype 3 and was largely attributed to an ermB positive, 36 

novel ST6011 clone. The finding corroborates an increasing body of evidence that the 37 

efficacy of the 13-valent vaccine against infection by this serotype is low.   38 
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Hong Kong is one of the first Asian cities to implement pneumococcal conjugate 39 

vaccine (PCV) in the childhood immunization program (CIP). The 7-, 10- and 13-40 

valent pneumococcal conjugate vaccines (PCV7, PCV10 and PCV13) were 41 

sequentially introduced. Since September 2009, all children were immunized using a 42 

3-dose primary series at 2, 4 and 6 months of age and a booster dose at age 12-15 43 

months.1-3 PCV7 was used during September 2009-September 2010, and was replaced 44 

by PCV10 from October 2010 to November 2011, and PCV13 from December 2011 45 

onwards.2,3 A one-off catch-up program was arranged in 2009 for children <2 years of 46 

age.1 Before routine implementation, PCV7 has been available in the local private 47 

market since July 2005. PCV10 and PCV13 were marketed in August 2009 and July 48 

2010, respectively.1 In addition to the seven serotypes included in PCV7 (4, 6B, 9V, 49 

14, 18C, 19F and 23F), PCV10 contains serotypes 1, 5, 7F, and PCV13 contains 1, 3, 50 

5, 6A, 7F and 19A. A survey conducted prior to the addition of PCV to the CIP found 51 

that 23% of children aged <5 years had received at least one dose of PCV7 in 2009.1,2 52 

Usage of PCV10 and PCV13 prior to their implementation in the CIP was very low. 53 

The vaccine update among children of the targeted age groups was very high (>97%) 54 

following their routine use.  55 

In this study, we described the impact of PCV implementation on the incidence of 56 

invasive pneumococcal disease (IPD) among young children. A case of IPD was 57 

defined by the isolation (from January 2015 onward, culture and/or PCR detection) of 58 

Streptococcus pneumoniae in blood and/or other normally sterile sites.2,4,5 IPD and 59 

serotype data from several sources were used.2,4-6 Firstly, previously published data 60 

on IPD incidence before the availability of PCV in 1995-2004 was used as the 61 

baseline.5 The raw data was used to recalculate the age-specific incidence to allow 62 

comparison. The incidence attributed to serotypes according to PCV7, PCV13-63 
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nonPCV7 and non-PCV13 groups was predicted by using the serotype information 64 

available for the subset of isolates collected in 1995-2001 in the same age groups.6 65 

Secondly, data for 2006 to 2014 were those collected by a working group which was 66 

set up in December 2005 to coordinate a territory-wide surveillance for IPD.2,4 67 

Clinical laboratories providing service to hospitalized patients were invited to forward 68 

pneumococcal isolates recovered from a normally sterile site for centralized 69 

laboratory testing.2 The annual IPD figures were adjusted by the number of 70 

participating laboratories and their inpatient service coverage (50% in 2006, 70% in 71 

2007, 90% in 2008-2009 and 100% in 2010-2014).2 Thirdly, data for 2015-2017 were 72 

obtained from the notified database at the Centre for Health Protection, Department of 73 

Health, following a mandatory requirement to report all IPD from January 2015 74 

onwards. All the isolates included in this study were checked and only one isolate 75 

from each patient was included.  76 

 Susceptibility of the isolates was determined by Etest (penicillin) or disc 77 

diffusion method (erythromycin) and results interpreted according to the CLSI.7 The 78 

serotypes of the isolates were determined by multiplex PCR (covering 35 serotypes 79 

and including all PCV13 serotypes) and the Quellung reaction.2,3 Multilocus sequence 80 

tying (MLST) was performed using the protocol published at 81 

https://pubmlst.org/spneumoniae/. Target specific PCR was used to detect 82 

erythromycin resistance determinants.8  83 

Age-stratified population figures for the study period were obtained from the 84 

Census and Statistic Department of the Hong Kong Government. For calculation of 85 

the mean annual age-specific rates, the mean annual number of IPD cases was divided 86 

by the total population in each age band then expressed as number per 100,000 87 

persons at specified ages per year.5 Due to the relatively small annual number of cases, 88 
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the incidence rates were groups into four periods to indicate the burden before 89 

availability of PCV (period 1, 1995-2004), availability in the private market (period 2, 90 

2006-2009, PCV7 only), and following early (period 3, 2010-2014, mixed use of 91 

PCV7, PCV10 and PCV13) and more than 5 years (period 4, 2015-2017, PCV13 only) 92 

of implementation in the CIP.  Poisson distribution was used to construct the 95% 93 

confidence intervals and to compare the incidence rates across different periods 94 

(supplementary file, Table S1). A P value of <0.05 was considered to indicate 95 

statistical significance. A software package (OpenEpi, version 3.01) was used for all 96 

statistical analysis.   97 

Considering the whole period, the total number of episodes from children aged 98 

<2 years and 2 to <5 years were 100 and 219, respectively. The numbers confirmed 99 

by culture and PCR were 299 and 20, respectively. The IPD incidence in children 100 

aged <5 years decreased by 53% (Figure 1). The reduction was more pronounced in 101 

children aged <2 years (85%) than in children aged 2 to <5 years (35%). Stratification 102 

revealed that disease caused by PCV7 serotypes decreased by 97% (Figure 2). IPD 103 

incidence of non-PCV13 serotypes remained unchanged while that for PCV13-104 

nonPCV7 increased by eight fold from 0.7 to 6.0 per 100,000 persons per year.  105 

The increase in PCV13-nonPCV7 disease was largely attributed to an increase 106 

in disease caused by serotype 3 (Figure 2). In the whole period, the total number of 107 

serotype 3 disease was 68, of which 52 cases were confirmed by cultures and 16 cases 108 

were confirmed by PCR. These included one case in period 1, two cases in period 2, 109 

23 cases in period 3 and 42 cases in period 4. All cases in period 1 to 3 were 110 

confirmed by culture. Of the 42 cases in period 4, 26 cases were confirmed by 111 

cultures and 16 cases were confirmed by PCR. When both culture and PCR confirmed 112 

cases were considered, serotype 3 caused 59% of the disease in period 4. The 113 
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incidence of serotype 3 IPD in aged <5 years for cases confirmed by culture alone and 114 

both methods was 3.1 and 5.0 per 100,000 persons per year, respectively. Both 115 

incidences were significantly higher than those observed in period 1 to 3 (culture 116 

alone, P <0.001 and both methods, P <0.001, respectively).  Incidence of IPD caused 117 

by serotype 3 among children aged 2 to <5 years was higher than children aged <2 118 

years (period 4, 7.3 versus 1.5 per 100,000 persons per year, respectively, P <0.001). 119 

In the collection, other serotypes causing PCV13-nonPCV7 disease included serotype 120 

1, 6A, 7F and 19A. No rising trend was observed for these serotypes.  121 

Susceptibility data was available for 265 isolates. Among all serotypes (Figure 122 

3), rates of penicillin resistance (meningitis breakpoint) had decreased significantly 123 

from 47% in period 1 to 14% in period 4 (P < 0.001). Erythromycin resistance rates 124 

remained high in all four periods (69%-85%, P = 0.226).  125 

Susceptibility was available for  the 52 serotype 3 isolates from the 52 culture-126 

confirmed cases. All except one isolate were penicillin-sensitive at meningitis 127 

breakpoint. The only non-susceptible isolate has penicillin MIC of 0.12 µg/ml. 128 

Erythromycin resistance rate was 0% in period 1, 0% in period 2, 74% in period 3 and 129 

100% in period 4 (P < 0.01). Of the 52 isolates, 29 isolates could be successfully 130 

retrieved for molecular analysis. These included two isolates from period 1 and 2, and 131 

27 isolates from period 3 and 4. The two isolates from period 1 and 2 were of ST180 132 

while the 27 isolates from period 3 and 4 comprised seven different types: ST6011 133 

(n=19), ST180 (n=3), ST1262 (n=1), ST505 (n=1), ST6013 (n=1), ST6014 (n=1) and 134 

ST6015 (n=1). All ST6011 serotype 3 isolates were positive for the ermB gene.   135 

 This study extends our previous observations on the changes in serotypes and 136 

antimicrobial susceptibility of invasive pneumococci before and after the introduction 137 

of PCV.6 The results showed that overall IPD declined and was due mainly to the 138 
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elimination of PCV7 serotypes. At the same time, there was an increase in serotype 3 139 

disease, especially among older children. Most of the children with serotype 3 disease 140 

had necrotizing pneumonia and empyema. As noted in previous reports,9 we observed 141 

that culture is not a sensitive method for confirming serotype 3 disease in lung tissue 142 

and pleural fluid. Therefore, the low incidence of serotype 3 disease in period 1 and 2 143 

is limited by the lack of PCR detection. While serotype 3 is covered by PCV13, little 144 

to no efficacy on IPD and nasopharyngeal colonization has been observed.10-12For this 145 

serotype, the serum IgG concentration required for protection was found to be very 146 

high comparing to those for the PCV7 serotypes.10 Following vaccination, such a high 147 

concentration is rarely achieved, thus providing an explanation for the poor efficacy 148 

in clinical studies.10,12 The current study suggests that PCV13 may provide some 149 

short-term protection against this serotype, thereby the lower incidence of serotype 3 150 

disease in children aged <2 years than older children. Our serotype 3 isolates are 151 

macrolide-resistant and mostly belong to a novel, pneumococcal lineage (ST6011). As 152 

only about half of the serotype 3 isolates from period 3 and 4 was retrievable for 153 

molecular analysis, caution is required in the interpretation of the proportion of 154 

serotype 3 disease attributed to this lineage. In the MLST database (last accessed on 155 

25 July 2018), only seven isolates were of this ST. These included six isolates (two 156 

serotype 3 from blood cultures and four serotype 15A from carriage) deposited by our 157 

group and other investigators in Hong Kong, and one serotype 15B/C carriage isolate 158 

from a nearby area in mainland China. In our locality, serotype 15A is an infrequent 159 

cause of IPD (<5% in period 4) in children. Nonetheless, it raises the possibility of 160 

capsular switching and vaccine escape in this ST6011 lineage. Further genomic 161 

investigations of this lineage are being conducted.       162 
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In conclusion, this study showed that IPD by previously prevalent PCV7 163 

serotypes have largely been eliminated following the implementation of PCV in 164 

children for eight years. A macrolide-resistant, novel clone was mainly responsible 165 

for the recent increase in serotype 3 disease among older children. Future vaccines 166 

should address the lack of efficacy against serotype 3 disease.     167 
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Figure 1. Incidence rate of IPD in Hong Kong children according to age groups. 181 

Since September 2009, all children were immunized using a 3-dose primary series at 182 

2, 4 and 6 months of age and a booster dose at age 12-15 months. The incidence rates 183 

(as 100,000 per persons per year) were grouped into four periods to indicate the 184 

burden before availability of PCV (period 1, 1995-2004), availability in the private 185 

market (period 2, 2006-2009), and following early (period 3, 2010-2014) and more 186 

than 5 years (period 4, 2015-2017) of implementation in the childhood immunization 187 

program. Differences in the rates in the time periods were assessed by chi-square for 188 

trend.  §P <0.001  189 

 190 

 191 

 192 

  193 
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Figure 2. Incidence rate of IPD in Hong Kong children according to serotype groups. 194 

Since September 2009, all children were immunized using a 3-dose primary series at 195 

2, 4 and 6 months of age and a booster dose at age 12-15 months. The incidence rates 196 

(as 100,000 per persons per year) were grouped into four periods to indicate the 197 

burden before availability of PCV (period 1, 1995-2004), availability in the private 198 

market (period 2, 2006-2009), and following early (period 3, 2010-2014) and more 199 

than 5 years (period 4, 2015-2017) of implementation in the childhood immunization 200 

program. Differences in the rates in the time periods were assessed by chi-square for 201 

trend.  §P <0.001, *P =0.369 202 

 203 

 204 

 205 

  206 
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Figure 3. Antimicrobial resistance rates for IPD isolates in different time periods in 207 

Hong Kong. Since September 2009, all children were immunized using a 3-dose 208 

primary series at 2, 4 and 6 months of age and a booster dose at age 12-15 months. 209 

The time periods indicate a time before availability of PCV (period 1, 1995-2004), 210 

availability in the private market only (period 2, 2006-2009), and following early 211 

(period 3, 2010-2014) and more than 5 years (period 4, 2015-2017) of implementation 212 

in the childhood immunization program.  213 

 214 

215 
  216 
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