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Table. 2 Estimating the direct and indirect impact of PCV7 

Streptococcus pneumoniae is a common gram-positive bacterial pathogen normally residing in the 

nasopharynx of healthy individuals. It can cause diseases such as otitis media and pneumonia if it 

spreads to adjacent organs. If the bacteria enter the bloodstream it can cause invasive 

pneumococcal disease (IPD) or travel to other sites in the body causing meningitis, septic arthritis 

and other diseases. 

 

The burden of disease is not evenly distributed with those in at-risk groups (aged 65+, 

immunosupression, use of cochlear implants, asthma, diabetes, alcoholism, chronic diseases of the 

lungs, heart, liver and kidneys) shouldering the bulk of this burden. The burden of disease in terms 

of non-invasive disease endpoints (e.g. pneumonia and otitis media) is less straight-forward to 

understand.  

 

Public Health England (PHE) has access to the Hospital Episodes Statistics database (HES), a 

computerised hospital discharge database that covers all National Health Service hospitals in 

England to monitor disease trends of non-invasive pneumococcal disease. 

 

In 2006 the 7-valent conjugate vaccine (PCV7) was introduced to the childhood immunisation 

programme in England and was later replaced by the 13-valent vaccine (PCV13) in 2010. Here we 

present an overview of an analysis of the estimated direct and indirect impact of the two 

pneumococcal conjugate vaccines on hospital-diagnosed pneumonia caused by S. pneumoniae 

(ICD-10: J13) and pneumonia of unknown cause (ICD-10: J18), as well as preliminary results of a 

wider analysis considering the hospitalised burden of disease caused by pneumonia in England 

from 2004-05 to 2014-15 using admissions data from the HES database. 

We extracted data for the period April 2004 to March 2015 for all admissions with a pneumonia ICD-

10 code (J12 to J18) in any diagnosis field (Table 1). Admissions occurring at least 90 days apart 

were considered to be different episodes. Admissions were allocated to a financial year during the 

study period using the date of discharge.  

 

Risk groups were identified using the same ICD-10 codes listed by van Hoek et al. (2012). Mid-year 

population estimates for England for 2004 to 2015 from the Office for National Statistics (ONS) 

were used as a denominator. Urinary tract infection (UTI, ICD-10: N390) was used as a control for 

disease trends as it is a common acute infection with a similar disease pattern to pneumonia. 

 

To assess disease trends the relative incidence of both pneumonia of unknown cause and UTI was 

calculated using the incidence for the 12 months prior to the introduction of PCV7 as a baseline. 

Estimates for the impact of the PCV programme were calculated using incidence rate ratios for pre- 

and post-vaccine programme, using the 24 month prior to the introduction of each vaccine as a 

baseline. For the post-vaccine period we used the last 12 months of the PCV7 era (September 

2008 to August 2009) and the most recent full 12 month period of the PCV13 era available (April 

2014 to March 2015) from our extraction. 

There is evidence of a direct impact of both conjugate vaccines on the incidence of both pneumonia 

caused by S. pneumoniae (J13) and pneumonia of unknown cause (J18) from children aged <2 

years. We found that evidence of indirect protection for both pneumonia diagnoses for other age 

groups was mixed (Tables 2 and 3). 

Following the introduction of PCV13 the age-groups 5-14 and 15-24 saw reductions in the incidence 

of J13 pneumonia by 49% and 46% respectively. PCV7 did not appear to offer indirect protection to 

2-4 year olds for J13 pneumonia, but PCV13 conferred indirect protection to this age group for J13 

pneumonia with a reduction in incidence of 54%.  

The analysis suggests that the conjugate vaccine programme in 

England has contributed to reducing the hospitalised burden of 

some pneumonias in young children. We found evidence of some 

indirect protection for both J13 and J18 pneumonias offered by the 

PCV programme as well as direct protection to those included in 

the programme. 

 

We did not detect an impact on the incidence of disease in adults 

aged 25 years and older. Increasing disease trends for pneumonia 

of unknown cause (J18) may mask any effect by the introduction of 

the two vaccines. 

 

Our results tally with other investigations of the impact of childhood 

PCV programmes on hospitalised all-cause pneumonia in the 

United States (Simonsen et al. 2014) and England (Saxena et al. 

2015 and Koshy et al. 2010), where reductions in hospitalisations 

for all-cause pneumonia followed the introduction of PCV 

programmes, particularly for young children. 

 

We did not extract data on admissions attributed to the period 

before April 2004, though doing so would have increased the data 

available to us for our baseline pneumonia activity estimates.  

We aim to extend this analysis further describe the burden of 

pneumococcal disease in hospitals and the impact of the PCV 

programme. 

  

Further work will include: 

 extend the analysis to consider sepsis, empyema and otitis 

media  

 investigate heterogeneities in the disease burden split by socio-

economic factors 

 consider the age-specific mortality rate for pneumonias and the 

direct/indirect impact of the PCV programme on this mortality 
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J12 Viral pneumonia 

J13 Streptococcus pneumoniae 

J14 Pneumonia due to Haemophilus influenzae 

J15 Bacterial pneumonia 

J16 Pneumonia: other infectious organisms 

J17 Pneumonia: diseases classified elsewhere 

J18 Pneumonia: unspecified organism/unknown cause 

Table. 1 The ICD-10 diagnosis codes used to extract admissions data 

PCV7 and pneumonia due to S. pneum. (J13) 

Sep ‘04 to 

Aug ‘06 

Sep ‘08 to 

Aug ‘09 

Incidence 

per 10
5 

Incidence 

per 10
5 IRR (95% CI) 

<2 yrs 12.83 6.09 0.47 (0.37-0.61) 

2-4 4.89 4.14 0.85 (0.65-1.11) 

5-14 1.54 0.94 0.61 (0.46-0.82) 

15-24 1.75 1.60 0.91 (0.73-1.15) 

25-64 4.74 5.06 1.07 (1.00-1.14) 

65+ 20.68 20.96 1.01 (0.96-1.07) 

PCV7 and pneumonia of unknown cause (J18) 

Sep ‘04 to 

Aug ‘06 

Sep ‘08 to 

Aug ‘09 

Incidence 

per 10
5 

Incidence 

per 10
5 IRR (95% CI) 

<2 yrs 461.80 372.76 0.81 (0.78-0.83) 

2-4 253.88 211.66 0.83 (0.80-0.87) 

5-14 67.85 53.16 0.78 (0.75-0.82) 

15-24 40.44 47.18 1.17 (1.12-1.22) 

25-64 121.45 162.01 1.33 (1.32-1.35) 

65+ 1370.78 1788.64 1.30 (1.30-1.31) 

Table. 3 Estimating the direct and indirect impact of PCV13 

PCV13 and pneumonia due to S. pneum. (J13) 

Apr ‘08 to 

Mar ‘10 

Apr ‘14 to 

Mar ‘15 

Incidence 

per 10
5 

Incidence 

per 10
5 IRR (95% CI) 

<2 yrs 6.83 3.49 0.51 (0.37-0.71) 

2-4 4.26 1.97 0.46 (0.33-0.65) 

5-14 1.14 0.58 0.51 (0.36-0.74) 

15-24 1.83 0.98 0.54 (0.41-0.70) 

25-64 5.16 5.19 1.01 (0.94-1.07) 

65+ 20.11 18.84 0.94 (0.89-0.99) 

PCV13 and pneumonia of unknown cause (J18) 

Apr ‘08 to 

Mar ‘10 

Apr ‘14 to 

Mar ’15 

Incidence 

per 10
5 

Incidence 

per 10
5 IRR (95% CI) 

<2 yrs 388.68 349.97 0.90 (0.87-0.93) 

2-4 222.53 193.25 0.87 (0.84-0.90) 

5-14 56.27 57.19 1.02 (0.98-1.06) 

15-24 47.30 60.65 1.28 (1.23-1.33) 

25-64 164.54 241.81 1.47 (1.46-1.48) 

65+ 1775.48 2638.62 1.49 (1.48-1.49) 

Figure 1. The relative incidence of pneumonia of unknown cause (J18) and UTI. Incidence for both 

diseases was compared to the incidence for the twelve month period prior to the introduction of the PCV7 

vaccination programme. The vertical lines denote the introduction of the PCV7 and PCV13 programmes 

in 2006 and 2010 respectively 

93.9% of all cases of pneumonia were for pneumonia of unknown cause (ICD-10: J18) for 

the study period (2,684,998 of 2,859,643).  73.5% of cases of all-cause pneumonia (ICD-

10: J12-J18) were in individuals in at-risk groups. 

 

The largest increasing trend in pneumonia of unknown cause was seen in individuals in 

at-risk groups aged >14 years (Figure 1), particularly for those at-risk individuals aged 

65+ years for whom incidence increased by a factor of 2.75 above baseline (5,139 per 

100,000 person-years in 2014-15 compared to 1,868 per 100,000 person-years). These 

relative increases were larger than the increase in relative incidence in UTI for the same 

risk- and age-groups, which may suggest changes in pneumonia diagnosis procedures.  

We have not considered the impact on all-cause pneumonia but a 

sub-set of pneumonias. This analysis can be extended to examine 

the impact of the PCV programme on all pneumonias, as well as 

other invasive pneumococcal disease such as sepsis, empyema 

and otitis media. 


