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ABSTRACT
Quantification of pneumococcal conjugate vaccines (PCVs) herd effects are mainly performed on invasive
pneumococcal disease (IPD) but there is conflicting evidence regarding herd effects of PCVs on non-IPD
pneumococcal community-acquired pneumonia. This review summarizes the available literature on herd
effects of PCVs on non-IPD pneumococcal community-acquired pneumonia.
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Introduction

Herd effects induced by universal vaccination of children with
pneumococcal conjugate vaccines (PCVs) contribute substan-
tially to the cost-effectiveness of implementation of these vac-
cines in the national child immunization program.1 Since the
introduction of PCVs in children, indirect protection of unvac-
cinated populations against invasive pneumococcal disease
(IPD) has been clearly demonstrated.3-9 Despite a partial
replacement by non-vaccine types, these studies have revealed
a relevant decrease in the overall pneumococcal disease burden
in all age groups. One could calculate from IPD surveillance
data that for every single directly prevented episode of IPD in
vaccinated children, there are several additional IPD episodes
prevented in the unvaccinated adult population, particularly in
elderly. (e.g.2) Obviously, the indirect effects are of major
importance for policy makers to implement PCVs in the
national child immunization programs. However, although
herd effects are clearly present and their magnitude has been
estimated for IPD, they are not clear for pneumococcal pneu-
monia in general. IPD, defined as isolation of Streptococcus
pneumoniae from a normally sterile body fluid, is easy to study
as long as blood cultures or other sterile cultures are routinely
collected in patients with suspected pneumococcal infection
and isolates are sent to a central lab for serotyping. Apart from
that, it has a clear disease definition, which is not the case for
non-IPD pneumococcal infection (i.e. infection caused by S.
pneumoniae without isolation from a normally sterile body
fluid).

Studies from the USA showed conflicting results regarding
the effect of child vaccination with PCVs on pneumococcal
pneumonia and all-cause pneumonia in elderly.10-12 These
studies relied on routinely collected coding data, could not dis-
tinguish IPD from non-invasive pneumococcal pneumonia,

and lacked data on the serotype causing the disease. From a
pathophysiological perspective it should be expected that herd
effects occur in the same direction, yet, epidemiological studies
could not demonstrate whether the magnitude of herd protec-
tion and replacement is the same for IPD and for non-IPD
pneumococcal pneumonia. A cost-effectiveness analysis ele-
gantly demonstrated that assumptions about herd effects for
non-IPD pneumococcal pneumonia have large impact on the
cost-effectiveness estimate.13 This is because, in adults, only
one in four pneumococcal pneumonia episodes yields S. pneu-
moniae from a sterile site and can thus be classified as IPD.14

Although mortality and costs are lower in non-IPD pneumo-
coccal pneumonia compared to IPD,(15) the three times higher
frequency causes it to contribute substantially to cost-effective-
ness estimates. The aim of the present paper is to review recent
developments in estimating herd effects of child vaccination
with PCVs on non-IPD pneumococcal pneumonia.

Respiratory tract cultures

Measurement of herd effects on non-IPD pneumococcal pneu-
monia is challenging because the conventional methods for
serotyping (needed to disentangle herd protection and replace-
ment) require the availability of an S. pneumoniae strain.
Richter and colleagues therefore performed a study in which S.
pneumoniae isolates from clinically relevant infectious disease
episodes (as deemed by the sending laboratory) were collected
from 43–45 hospitals during four one-year seasons between
1999 and 2011.16 Both samples from normally sterile and non-
sterile sites were included. 64–72% of the non-sterile samples
were derived from the lower respiratory tract, followed by mid-
dle ear fluid (8-12%) and sinus (4-11%). With over a thousand
non-invasive and over 400 invasive isolates per season under
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study, the investigators clearly demonstrated a decreasing pro-
portion of PCV7 serotypes in both invasive and non-invasive
isolates. PCV13 serotypes increased until the introduction of
PCV13, after which they decreased slightly. The less steep
decline in the proportion of PCV7 serotypes in non-invasive
isolates (from 50.1% to 4.2%) compared to invasive isolates
(from 64.0% to 3.8%) might suggest that herd effects are less
strong or more delayed for non-invasive isolates. However, for
several reasons, this cannot be firmly concluded. First, the non-
sterile isolates were derived from respiratory samples, a third of
these being from the upper respiratory tract. It is hard to distin-
guish infection from colonization, even in sputum samples, let
alone in upper respiratory tract samples. Although colonization
is a prerequisite for infection with S. pneumoniae, it has been
demonstrated that colonization capacity does not go hand in
hand with pathogenicity, i.e., some serotypes are better coloniz-
ers while others are more pathogenic.17 If this is distinct for
PCV7 and nonPCV7 serotypes, including colonizing strains
will bias the results. Another difficulty is that all age groups
were included in the study, including those that received PCV7.
Nearly one quarter of isolates was derived from children under
5 years of age, impeding the study of mere herd effects. Finally,
the lack of numerator data complicate inference on the direc-
tion and magnitude of the effect, e.g., the change in serotype
proportions could be caused by only an increase in the absolute
number of non-PCV7 serotypes or by a decrease in the absolute
number of PCV7 serotypes.

In a more recently published study Mendes and colleagues
performed serotyping of 2,927 clinical S. pneumoniae isolates
retrieved from non-sterile sites in adults patients.18 These were
derived between 2009 and 2012 from 50 hospitals located in
the 9 US Census regions. Only patients presenting with a respi-
ratory infection were included and 87% of the cultures were
from the lower respiratory tract. During the observation period,
PCV7 serotypes (i.e., those covered by the 7-valent PCV) were
stable at around 5% of all samples available, PCV13 serotypes
declined from 35.5% to 28.2%. Obviously, as the results were
presented as proportion of all samples, nonPCV13 serotypes
increased over the same period to add up to 100%. Compared
to the previous study, this study confirmed that PCV7 sero-
types keep circulating at low proportions of around 5%. How-
ever, also in this study, mixing of colonization with infection
cannot be excluded and absolute effects could not be calculated.

Serotype specific urinary antigen tests

The study of serotype distributions for non-IPD pneumococcal
pneumonia has long been hampered by the lack of a sensitive
and specific test to diagnose non-IPD pneumococcal disease
and, at the same time, determine the serotype. As explained,
serotyping of pneumococcal isolates from respiratory samples
yields difficulties for distinguishing infection from colonization,
i.e., the test is not specific for infection. The development of
serotype-specific urine antigen tests has paved the way for
more accurate determination of herd effects for non-IPD pneu-
mococcal pneumonia. These assays are based on the excretion
of capsular polysaccharide in urine, which is low during coloni-
zation and increases in case of infection. To achieve specificity
(i.e., to exclude colonization) the tests use a cutoff level to

declare positivity. As a result, sensitivity of the test may be lost
to some extent if there is overlap in the amount of capsular
antigen excretion between colonized and infected patients. Two
assays are currently available. The serotype-specific urinary
antigen detection assay (UAD) was developed by Pfizer, USA,
detects the 13 serotypes included in PCV13, and has an esti-
mated sensitivity and specificity of 98% and 100%, respec-
tively.19 The Bio-Plex assay, developed by Bio-Rad, USA, is
capable of detecting 14 pneumococcal serotypes (1, 3, 4, 5, 6A/
C, 6B, 7F/A, 8, 9 V, 14, 18, 19A, 19F, and 23F), and has an esti-
mated sensitivity and specificity of 79.3 and 99.3%, respec-
tively.20 Noteworthy, the sensitivity of these tests has been
estimated using blood-culture positive (i.e., proven) cases while
the specificity has been measured using cases with a confirmed
alternative pathogen and/or confirmed absence of pneumonia.
It is not possible to estimate the sensitivity and specificity for
non-IPD pneumococcal CAP as there is no gold standard avail-
able. Four papers have used these tests to assess herd effects for
non-IPD pneumococcal CAP. The papers will be discussed in
order of publication.

Rodrigo and colleagues aimed to study the association
between adults having contact with vaccinated or unvaccinated
children and pneumococcal infections.21 They prospectively
included 1,130 adult patients with community-acquired pneu-
monia (CAP) from two hospitals in the UK between September
2008 and September 2011. A urine sample was collected in all
patients to perform a BinaxNOW urinary pneumococcal anti-
gen test (PUAT) and the Bio-Plex assay. A blood culture was
drawn in 88% of patients and S. pneumoniae isolates were sero-
typed using conventional methods. Pneumococcal etiology was
confirmed in 410 individuals, with a positive blood culture in
43 (10.3%) and a positive Bio-Plex assay in 274 (66.8%) indi-
viduals; the serotype was determined in 274. They found that
patients having contact were at higher risk of having pneumo-
coccal etiology, irrespective of the child vaccination status.
Patients having contact with a PCV7 vaccinated child where
less likely to have a PCV7 serotype as causing pathogen com-
pared to patients that had contact with non-vaccinated child
(OR 0.37, 95% CI 0.14-0.99). This was the first study to demon-
strate that herd effects exist for non-IPD pneumococcal CAP
through direct contact with vaccinated children. However, no
comparison between IPD and non-IPD pneumococcal CAP
was made, probably because of the limited number of bacter-
emia cases.

After another two years of recruitment for the same study,
Rodrigo and colleagues reported trends in serotype specific
incidences of pneumococcal pneumonia.22 Of 2,229 patients
with CAP, 653 (29.3%) had confirmed pneumococcal CAP: 407
with a positive PUAT, 411 with a positive Bio-Plex assay, and
87 with a positive blood culture. As in the previous publication,
the proportion of pneumococcal pneumonia with bacteremia
was low (13.3%) compared to a systematic review that found
bacteremia in 25% of pneumococcal pneumonia patients.14 As
a result, the investigators were not able to compare trends for
IPD and non-IPD pneumococcal CAP separately. Due to the
overrepresentation of non-IPD pneumococcal CAP, they claim
that trends will be largely due to this group of patients. Unfor-
tunately, because of the lower sensitivity of the Bio-Plex assay,
a positive PUAT with negative Bio-Plex assay and negative
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blood culture could not be considered as being a non-Bio-Plex
serotype. Therefore, the investigators had to exclude patients
with negative Bio-Plex and negative or missing blood culture
from the analysis, resulting in the availability of 436 (66.8%) of
the pneumococcal CAP patients for the time trend analysis. A
positive aspect of the study is that, because the size and demo-
graphics of the underlying population was known, it was possi-
ble to calculate incidences for the different serotypes. The
incidence of CAP episodes due to PCV7 serotypes decreased
from 11.1 per 100,000 in 2008–2009 to 1.6 per 100,000 in
2009–2010 and after that varied from 0.4 to 2.3. Additional
PCV13 serotypes topped in 2009–2010 with 11.5 per 100,000
and then decreased slowly to 6.3 per 100,000 in 2012–2013.
Importantly, PCV7 was introduced in 2006 in the UK, followed
by PCV13 in April 2010, therefore, the investigators measured
the late herd effects of PCV7 and the first effects of PCV13.
Non-PCV13 serotypes were between 2.1 and 4.3 per 100,000
with no discernible time trend. However, due to the exclusion
of Bio-Plex and blood culture negative cases, the incidences of
the non-PCV13 will be largely underestimated. Moreover, the
Bio-Plex assay only included the non-PCV13 serotype 8.
Replacement effects could have been masked if they are less
strong for serotype 8 compared to other non-PCV13 serotypes,
as these rely on the less sensitive blood culture. Although the
incidence of untyped pneumococcal CAP didn’t change,
the relative contribution increased (as can be calculated from
the raw numbers). These will include PCV7 and PCV13
serotypes in unknown amounts (but probably decreasing
throughout the study) and non-PCV13 serotypes. Therefore,
the study cannot be used to quantify replacement effects.

Pletz and colleagues included 358 patients from CAPNETZ,
a German prospective multicenter cohort study, with non-IPD
pneumococcal CAP with unknown serotype. They were
selected by having a positive PUAT and negative cultures (with
at least a blood culture obtained). The serotype specific UAD
was performed on frozen urine samples.23 Serotype distribu-
tions were compared between two groups, those presenting
between 2001 and 2006 and those presenting between 2007 and
2011. In Germany, PCV7 was introduced in 2007 and was
replaced by PCV13 in 2010, therefore, the study assessed the
effect of PCV7. The proportion of patients with PCV7 serotype
pneumococcal CAP decreased from 31.3% to 14.8%. By year,
the proportion of PCV7 serotypes decreased gradually from
34.1% in 2006 to 4.3% in 2011. PCV13 serotypes (including
PCV7) were stable: 61.5% in the first and 59.7% in the second
period, which was mainly caused by increasing proportions of
serotypes 1, 3, and 7F. Colloquially, the non-PCV13 proportion
(i.e., with a negative UAD) also remained stable at 38.5% and
40.3%. As in the first two studies, no absolute effects are
reported and no adequate comparison with IPD was possible
due to the low number of bacteremic cases. Another limitation
of the study is that they excluded all patients with positive
sputum cultures but negative blood cultures, while these should
be considered non-IPD pneumococcal CAP if the PUAT or
serotype specific UAD is positive.

Finally, van Werkhoven and colleagues combined two study
cohorts of CAP patients from the Netherlands conducted
between 2008 and 2013.24 The serotype specific UAD and
PUAT was performed on urine samples and blood cultures

were collected in 78–88% of CAP patients. Non-IPD pneumo-
coccal CAP was defined as having a positive PUAT or UAD
and not having a positive culture from a normally sterile body
fluid. Patients with a positive PUAT and negative UAD were
considered to be non-PCV13 serotype CAP. Because of the
eligibility criteria in one study, the analysis was restricted to
patients over 65 years of age. Time trends of the serotype distri-
bution were compared with data from the Dutch national IPD
surveillance, covering about 25% the Dutch population. A total
of 270 non-IPD pneumococcal CAP episodes were included in
the analysis. The proportion of non-IPD pneumococcal CAP
episodes due to PCV7 decreased from 28% in 2008–2009 to 7%
in 2012–2013. Additional serotypes included in PCV10 and
PCV13 were stable, on average 19% and 29%, respectively. The
proportion of non-PCV13 serotypes increased from 30% to
37%. In the Netherlands, PCV7 was introduced in 2006 and
was replaced by PCV10 in 2011. No discernible effect of
PCV10 was visible in the two years following its implementa-
tion. There was no difference in serotype trends between the
national IPD data and non-IPD pneumococcal CAP data.
Again, no incidences could be calculated, precluding firm con-
clusions about the contribution of herd protection and replace-
ment to the observed proportions.

Discussion

What can we conclude from these studies? First of all, herd
effects are present for non-IPD pneumococcal CAP, as demon-
strated by these studies and as was to be expected. Second, there
is an absolute reduction of serotypes covered by the vaccine
administered to children, as demonstrated by the German
study. Third, the speed and magnitude of the relative herd
effects are similar for IPD and non-IPD pneumococcal CAP as
revealed by the Dutch study. So, are we there yet? It is tempting
to conclude that the effects are the same, as (so far) there is no
signal that they are different. However, as shown in two
extreme hypothetical scenarios, very different absolute effects
can result in the same relative effect (Table 1). Stated differ-
ently, what we have seen in the studies so far could be equally
explained by smaller and larger herd protection and replace-
ment effects for non-IPD pneumococcal CAP compared to

Table 1. Putative scenarios that result in similar relative herd effects.

Scenario 1: herd protection and replacement comparable to IPD effects
�

Year since PCV7 introduction 0 1 2 3 4
PCV7 absolute 100 80 60 40 20
Non-PCV7 absolute 100 110 120 130 140
PCV7 relative 50% 42% 33% 24% 13%

Scenario 2: there is modest herd protection and strong replacement�

Year since PCV7 introduction 0 1 2 3 4
PCV7 absolute 100 90 80 70 60
Non-PCV7 absolute 100 124 160 227 420
PCV7 relative 50% 42% 33% 24% 13%

Scenario 3: there is strong herd protection and no replacement�

Year since PCV7 introduction 0 1 2 3 4
PCV7 absolute 100 73 50 31 15
Non-PCV7 absolute 100 100 100 100 100
PCV7 relative 50% 42% 33% 24% 13%

�
Hypothetical data

HUMAN VACCINES & IMMUNOTHERAPEUTICS 1179



IPD. For this reason, it would have been valuable if the absolute
effect estimates from the UK study were compared to national
IPD surveillance data from the UK from the same time period,
even though the comparison of non-PCV13 serotype trends
would still be impeded by the large number of Bio-Plex assay
negative cases.

In countries with existing IPD surveillance that are consider-
ing a change in the pneumococcal vaccination schedule, or that
have recently changed, it would be valuable to set up a non-
IPD pneumococcal CAP surveillance system as an additive to
the IPD surveillance. Challenges to overcome in setting up this
network are to collect (residual) urine samples in all CAP
patients, to apply a clear case definition to routinely collected
data, and to use the most specific and sensitive serotype specific
urine test available. However, as the incidence of non-IPD
pneumococcal CAP is three times larger compared to IPD, the
surveillance network could be kept smaller compared to
the IPD surveillance. Such a system will provide answers to the
important remaining questions with regards to herd effects
induced by PCV use in children, particularly for non-IPD
pneumococcal CAP in adults.
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