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The childhood immunization program was implemented in Québec to reduce the burden of
pneumococcal disease, with the primary objective of lowering the incidence of invasive
pneumococcal disease (IPD). The program began in 2002, targeting children with a high risk of IPD,
and in 2004 it became a universal program for all children under age five. A schedule of four doses
(8+1) is recommended for high-risk children and three (2+1) for other children.

The initial 7-valent pneumococcal conjugate vaccine (PCV7) was replaced by the 10-valent vaccine
(PCV10) in 2009, and then by the 13-valent vaccine (PCV13) in 2011. Since the program began,
immunization coverage rates have been high: over 90% of children receive the recommended
number of doses. At the request of the Ministére de la Santé et des Services sociaux du Québec
(Ministry of Health and Social Services, or MSSS), the Québec Immunization Committee (CIQ)
prepared an scientific advisory regarding the choice of an optimal schedule that takes into account
dimensions mentioned in the analytical framework proposed by Erickson and collaborators (2005).

The data available indicate that the direct protection against IPD caused by the serotypes contained
in PCV13 is not much different in schedules that include only PCV10 or PCV13, despite the fact that
PCV13 includes three serotypes that are absent from PCV10 (3, 6A and 19A). PCV10 confers cross-
protection against serotype 19A and 6A IPD. The efficacy of PCV13 in preventing IPD caused by
serotype 3 seems to be low and of short duration, even non-existent in certain studies. A mixed
schedule of two doses of PCV10 for the initial immunization and one dose of PCV13 for the booster
may provide protection very similar to that obtained with a schedule that includes only PCV13.

Despite evidence of the immunogenicity of PCV10 against serotype 19A, and the cross-protection it
confers, the advantage of a schedule that includes one PCV13 dose is that it provides reassurance
regarding the reduced transmission of this serotype to the entire population, by inducing herd
immunity. Based on immunogenicity data, it can be assumed that a mixed schedule would
strengthen and prolong protection against serotype 19A IPD, while maintaining the herd immunity
acquired with the current schedule.

The differences between the various schedules in terms of direct and indirect protection against IPD
caused by the 13 serotypes included in PCV13 could be offset by a phenomenon of differential
replacement. As demonstrated by the experience in Sweden, this would translate into a higher
incidence of non-vaccine serotypes when a schedule including only PCV13 is used, and result in zero
effect on IPD incidence caused by all serotypes.

Regarding protection against pneumonia and acute otitis media (OM), there is no compelling
evidence to confirm the superiority of one schedule or another. There is a possibility that a schedule
that includes PCV10 could be slightly more efficient in reducing the burden of otitis and that a
schedule that includes PCV13 could be slightly more efficient in reducing the burden of all-cause
pneumonia.

Both vaccines are safe, although PCV10 is slightly less reactogenic. A potential disadvantage of a
schedule that uses PCV13 is an inferior immune response against pneumococcus among infants
whose mothers received the diphtheria, tetanus and pertussis vaccine during pregnancy.

Assuming that the acquisition cost of the PCV13 vaccine is substancially higher than that of PCV10,

an economic evaluation shows that, in most plausible scenarios, a mixed schedule or a schedule
including only PVC10 would be more cost-efficient than a schedule that includes only PCV13.

Institut national de santé publique du Québec 1
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On the local level, it is more difficult to manage a mixed schedule that includes both vaccines than a
single-vaccine schedule. However, the number of errors could be minimized with the training
opportunities usually available. In the event that a mixed schedule is chosen, administering one
vaccine instead of the other should, in all likelihood, pose no major risk.

Certain healthcare professionals prefer vaccines that contain a maximum of serotypes since this
makes it possible to minimize the theoretical risks of an inadequate control of serotype 19A with a
program that includes only PCV10. A mixed schedule that includes PCV13 for the booster would
provide some reassurance to those who prefer this vaccine.

To conclude, the three schedules assessed in this scientific advisory may be justified and none can
be unequivocally rejected. The 2+1 PCV10 and 2+1 PCV13 schedules are used in numerous
developed countries and a mixed schedule cannot be inferior to the former. The two greatest
uncertainties hindering the decision-making process are the number of additional IPD cases that
could possibly occur in children using a 2+1 PCV10 or a mixed schedule, versus the current PCV13
schedule, and the price difference between these two vaccines. The cost-efficiency ratios of the
different scenarios are adjusted using a combination of these two parameters. If it is considered that
there is no or little difference in the number of IPD cases, the 2+1 PCV10 is the most efficient option,
assuming the unit price is less than that of the PCV13. In most scenarios, the mixed schedule is an
economically enticing option compared with the 2+1 PCV13 schedule. The primary advantage of the
mixed schedule would be to maintain the gains attained using the current schedule in terms of
reducing the burden of the iliness and preventing the risk of a rise in the incidence of serotype 19A in
the entire population. The current schedule should be maintained if the cost difference between the
two vaccines is low.

Should uncertainty remain regarding the price and purchase conditions of the vaccines, it seems
sensible to not make a univocal recommendation and to let the Ministére de la Santé et des Services
sociaux make a final decision based on its priorities and the proposed prices. If it is not possible to
negotiate the purchase of vaccines for a mixed schedule and if the only options are to either maintain
the current 2+1 PCV13 schedule or to choose a 2+1 PCV10 schedule, another consultation should
take place.

Whatever the decision, active and ongoing monitoring of the epidemiology of IPD and
hospitalizations must continue. Should any changes occur, the CIQ could revise its scientific advisory

and adapt the program accordingly.

A supplementary scientific advisory regarding the recommended schedule for high-risk groups
including children living in Québec’s northern regions will be written at a later time.

2 Institut national de santé publique du Québec
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At the request of Québec’s national public health director, the Comité sur 'immunisation du Québec
(CIQ), which reports to the Institut national de santé publique du Québec (INSPQ), was asked to
provide an scientific advisory on the relevance of changing the schedule for childhood immunizations
against pneumococcal disease. This request is motivated by the availability of new data on the
efficacy of these two currently available vaccines, and of a mixed schedule combining the two
vaccines. The purchase price of these two vaccines may also be different, which could lead to
significant budgetary implications. The scientific advisory was written taking into consideration the
analytical framework of immunization programs proposed by Erickson and collaborators (1). It is
based on an exhaustive review of documents including volumes, reports, published articles and
presentations made during conferences. A systematic review of scientific publications from 2010 to
2015 carried out under the auspices of the World Health Organization is the best current reference on
the effects of the two second-generation pneumococcal conjugate vaccines (2). This source is
quoted extensively. The scientific advisory was discussed during two CIQ plenary meetings and the
final version was approved on September 15, 2017.

Institut national de santé publique du Québec 3
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The composition of the three pneumococcal conjugate vaccines approved for use in children in
Canada is detailed in Table 1. Only the last two are currently marketed.

Table 1 Pneumococcal conjugate vaccines licensed in Canada

Vaccine Manufacturer Pneumococcal polysaccharides Carrier protein
PCV7 Pfizer 4, 6B, 9V, 14, 18C, 19F, 23F CRMye7
Prevnar®
PCV10 Protein D

. GSK 1, 4,5, 6B, 7F, 9V, 14, 18C*, 19F**, 23F TT!
Synflorix® 2

DT

PCV13 Pfizer 1,8,4,5,6A, 6B, 7F, 9V, 14, 18C, 19A, 19F, 23F CRMy¢7
Prevnar13®

1 Tetanus toxoid; ? Diptheria toxoid.

Pneumococcal disease, including invasive disease, pneumonia and otitis, represents a health burden
that justified the implementation of an immunization program for children in Québec(3). In 2002, the
Ministére de la Santé et des Services sociaux du Québec decided to offer the first seven-valent
pneumococcal conjugate vaccine (PCV7) free of charge to children under age five with an increased
risk of invasive pneumococcal disease (IPD), according to a four-dose schedule (3+1). Since then, the
vaccine has also been offered to children under age five living in the two Northern Québec health
regions with concentrated Cree and Inuit populations. In December 2004, PCV7 was offered for free
to all newborns not at a high risk of invasive disease using a schedule of three doses (2+1)
administered at 2, 4 and 12 months respectively. At the same time, a catch-up approach was offered
for children under age five as part of routine visits. The program’s initial objective was to reduce by
60% the average annual incidence of IPD in children aged six months to two years (4). This objective,
expressed quantitatively, was not discussed in the last update of the Programme national de santé
publique, but serves as a reference (5).

In 2009, a 10-valent vaccine (Synflorix® or PCV10), including three additional serotypes, replaced the
PCV7 in routine childhood immunizations, without a catch-up. In 2011, the 13-valent vaccine
(Prevnar13® or PCV13) replaced the PCV10, with no catch-up. Since the universal program began in
2004, immunization coverage among the target population has been high and has remained

stable (6). In a childhood immunization coverage survey conducted in Québec in 2014, approximately
2% of parents reported that their child had not received a pneumococcal vaccine, while 93% of
children had received the recommended number of doses (7). Among vaccinated children aged two,
93% had received the booster on time, i.e. between 15 and 23 months, which demonstrates good
adherence to the recommended schedule.

Institut national de santé publique du Québec 5
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3.1 Invasive disease

The evolution of the incidence rates of invasive pneumococcal disease, established using the registry
of notifiable diseases, is represented in Figure 1. A significant reduction in the incidence in children
under age two and those between the ages of two and four is noted following the introduction of
PCV7 in 2004. In these age groups, a slight increase is noted from 2007 to 2009, followed by another
reduction with the introduction of PCV10 in 2009 and PCV13 in 2011, with a transitional rebound in
2014. In the other age groups, a slight decrease in incidence is observed following the introduction of
the first vaccine in the routine immunization of all children in 2004, and the introduction of the two
others, in 2009 and 2011. However, there was virtually no change in the overall incidence of invasive
disease during the entire observation period for all individuals aged five years and over.

Figure 1 Incidence rate (per 100,000 person-years) of invasive pneumococcal disease in
Québec according to age, 2000-2016
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Source: Directory of reportable diseases.

Table 2 provides detailed information on the distribution of serotypes identified in young children by
the Québec Public Health Laboratory (QPHL) during the 2005-2015 period and collected from all the
microbiology laboratories of acute care hospitals. Following the widespread use of PCV7, the
serotypes included in the vaccine quickly diminished. The same observation was made with the
introduction of PCV10 in 2009 and PCV13 in 2011. In recent years, the number of cases caused by all
PCV7 serotypes, including serotype 6A, is one per year on average. The first serotypes that emerged
after the replacement of PCV7 were 7F and 19A. Following the introduction of PCV10 in 2009, the
incidence of IPD caused by serotypes 7F and 19A declined and continued to do so when PCV13 was
introduced in 2011. Currently, serotype 7F has virtually disappeared, but serotype 19A persists
among children between the ages of two and four years. Serotype 1 is uncommon among children
and has disappeared with the introduction of new-generation vaccines covering this serotype.

Institut national de santé publique du Québec 7
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Table 2 Strains isolated in children under age five with invasive pneumococcal disease
in Québec, 2005-2016

‘;‘f’:ups Serotypes | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016
PCV7 7 4 1 1 2 1 0 0 1 0 0 0
1 0 0 0 0 0 0 0 0 0 0 0 0
3 1 0 1 1 0 1 0 2 1 0 0 0
0-5 7F 2 3 3 1 2 3 2 1 0 1 0 0
months 19A 0 2 1 3 5 6 4 1 1 1 0 1
Other 2 3 6 4 3 1 5 3 3 9 2 1
Subtotal | 12 | 12 | 12 | 10 | 12 | 12 | 11 7 6 11 2 2
PCV7 8 3 5 1 1 1 0 0 0 1 0 0
1 0 0 0 0 0 0 0 0 0 0 0 0
3 1 2 0 0 0 1 1 0 0 0 0 0
6-11 7F 0 2 1 2 5 0 0 0 0 0 0 0
months 19A 3 3 7 13 11 6 3 7 2 2 1 1
Other 2 5 14 | 10 7 6 5 3 8 1 | 10 6
Subtotal | 14 | 15 | 27 | 26 | 24 | 14 9 10 | 10 | 14 | 11 7
PCV7 27 7 1 1 0 1 0 1 0 0 1 1
1 0 0 0 0 1 0 0 0 0 0 0 0
3 1 1 1 2 3 0 1 2 0 0 0 2
:'f;ﬁfhs 7F 0 1 4 2 9 1 2 0 0 0 0 0
19A 5 6 15 | 22 | 27 | 22 9 4 4 0 1 3
Other 12 | 12 | 18 | 17 | 16 | 13 | 21 | 20 | 23 | 35 | 34 | 24
Subtotal | 45 | 27 | 30 | 44 | 56 | 37 | 33 | 27 | 27 | 35 | 36 | 30
PCV7 25 6 5 1 3 1 0 0 0 0 0 0
1 0 1 3 1 0 3 1 1 0 0 0 0
3 2 1 3 3 5 2 2 2 1 3 4 1
24’59h 7F 1 3 2 2 4 2 3 1 1 0 0 0
months 19A 4 8 5 20 | 18 | 22 | 16 | 6 2 4 3 1
Other 11 3 13 | 14 | 15 8 13 | 12 | 10 | 14 | 13 6
Subtotal | 43 | 22 | 31 | 41 45 | 38 | 35 | 22 | 14 | 21 | 20 | 8
PCV7 67 | 20 | 12 4 6 4 0 1 1 1 1 1
1 0 1 3 1 1 3 1 0 0 0 0
3 5 4 5 6 8 4 4 6 2 3 4 3
7F 3 9 10 7 20 6 7 2 1 1 0 0
omfgth < 19A 12 | 19 | 28 | 58 | 6 56 | 32 | 18 9 7 5 6
Other 27 | 23 | 51 45 | 41 28 | 44 | 38 | 44 | 69 | 59 | 37
Total 114 | 76 | 109 | 121 | 137 | 101 | 8 | 66 | 57 | 81 | 69 | 47
Rate
/00,000 | 306 | 202 | 283 | 303 | 331 | 236 | 201 | 149 | 128 | 181 | 155 | 106

Source: LSPQ.

8 Institut national de santé publique du Québec
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The epidemiology of serotype 3 is a special case. Between 2005 and 2010, the period during which
no PCV contained the serotype 3 polysaccharide, 32 cases were observed, i.e. an average of

5.3 cases per year. Since 2015, the large majority of children under age five in Québec have been
vaccinated with PCV13. In 2015-2016, there were 7 cases of serotype 3 reported, i.e. an average
3.5 cases per year, a reduction of less than 2 cases per year compared with the previous period.

A more detailed analysis was conducted on the IPD cases caused by vaccine serotypes in children
under age five during the 2011-2015 period. The information was collected from several data sources
as part of an epidemiological investigation ordered by the MSSS. The study period began with the
introduction of PCV13 and information was obtained for all cases reported in children who received
the PCV13 vaccine. However, the list of vaccine failures occurring with PCV7 and PCV10 before 2011
is incomplete and conclusions cannot be made in their regard. Research was performed on the
clinical outcome and on the immunization status of children. The majority of the cases that occurred
in children vaccinated with the PCV13 vaccine were caused by serotypes 19A and 3.

Of the seven IPD cases caused by serotype 3 among children vaccinated with PCV13 (Appendix 1),
four occurred in immunocompetent children who had received three doses, as recommended, with a
delay of more than one year between the booster shot and the first signs of the iliness. This
observation is consistent with the hypothesis of short-term protection conferred by PCV13 against
serotype 3.

Serotype 19A caused, by far, the most vaccine failures, which occurred predominantly among
vaccinated children with no immune deficiency (Appendix 2). Of the 27 cases reported among
children vaccinated with PCV13, there were 17 in children between the ages of 8 and 14 months who
had received the first two doses of the vaccine but had not yet received the booster dose, which
suggests that there is a window of susceptibility in a 2+1 schedule. In 2014 and 2015, of the

eight cases reported among children who had received at least one PCV13 dose, three occurred in
children between the ages of 8 and 14 months (Appendix 2).

Among adults, there was minimal change in the overall incidence of IPD following the introduction of
PCV7, and later PCV10 and PCV13 (8,9). In contrast, the distribution of serotypes changed
considerably with a reduction in the proportion of cases caused by the serotypes present in PCV7 as
early as 2005 and a replacement predominantly caused by serotypes 7F and 19A. Following the
introduction of PCV10 in 2009 and PCV13 in 2011 for childhood immunizations, these two serotypes
diminished and another replacement took place, this time due to a large number of serotypes not
included in PCV13 (Figure 1). During this entire period, there was minimal change in the incidence of
serotype 3 IPD among adults.

3.2 Pneumonia

In Québec, records in the hospital administrative Med-Echo database indicating a primary diagnosis
of all-cause pneumonia are the only indicators available for monitoring pneumonia cases acquired in
the community and leading to hospitalization. The frequency rates for the 2000-2015 administrative
years are illustrated in Figure 2. A downward trend with fluctuations is observed for both the 0-2 and
the 2-4 year old group. This downward trend could be partially due to the changes in the
organization of pediatric hospital services and to hospitalization criteria. A detailed analysis of
hospitalization rates for the various categories of lower respiratory infection in children under age five
in Québec illustrated a reduced frequency of hospitalizations not requiring admission to intensive
care that began before PCV7 was introduced in 2004. However, no change was identified in the
frequency of all-cause hospitalizations requiring admission to intensive care (10). During the same
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period, a shorter average hospitalization period was observed. Variations in the intensity of
respiratory virus circulation could also explain the fluctuations observed. Pneumococcal vaccines
may have helped reduce the frequency of pneumonia-related hospitalizations in the community, as
suggested by a study in which changes in care practices and organization were controlled (11).

Figure 2 Frequency (per 1,000 person-years) of hospitalizations with a primary diagnosis
of pneumonia in children under age five in Québec, between 2000 and 2015
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3.3 Otitis

The only information available regarding otitis are the statistics from the file on medical services paid
for by the RAMQ. These statistics cover all categories of otitis (ICD-9 codes: 381 and 382), including
initial and follow-up visits. Figure 3 illustrates the frequency of medical visits among children under
age two who are diagnosed with otitis. A reduced frequency is observed as of 2002, with a certain
stabilization beginning in 2007. The reduction was much more substantial for all visits than for each
child’s initial visit. These trends may be partially explained by the modifications to practices involving
the diagnosis of acute otitis media and the manner in which diagnoses are reported in reimbursement
requests for medical treatment. Guidelines were issued to improve the specificity otitis diagnoses
and to reduce, to a certain extent, antibiotic prescriptions (12-14). The resulting modifications of
practices may have reduced the proportion of reimbursement requests for otitis diagnoses during the
2002-2007 period. Given this context, it is difficult to evaluate the impact of the introduction of PCV
and impossible to confirm the superiority of a vaccination schedule.
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Figure 3 Frequency of medical treatment reimbursement requests for children under age
two in Québec who have been diagnosed with otitis (first and all visits)
0,10 -
PCV7 PCV10 PCV13

§ 0,08 - \~
o
£ \/\/'
S 0,06 -
4
[
o
& 0,04 -
£
2
©
£ 0,02

0,00

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011
CDC years (weeks 27 to 26)
C—JProgram e All visits e First visit

Source: RAMQ file

Institut national de santé publique du Québec 11






Scientific advisory on the optimal schedule for childhood immunization against pneumococcal disease in Québec

Predicting the clinical protection conferred by pneumococcal conjugate vaccines based on the
results of immunogenicity studies is not a simple task. Various types of antibodies are produced and
protection mechanisms are complex. The vaccine-induced serological response can be assessed
using different methods at different times (15,16). The opsonophagocytic activity assay in vitro is a
functional test that seems to be the best indicator in predicting protection against invasive

disease (16). However, standardizing this test remains problematic. The notion that a common
threshold of serum antibodies could be proposed to define the protection against the various
serotypes has been discredited and it is now recognized that there are thresholds specific to each
serotype (17). Moreover, the protection thresholds are different for invasive and mucosal infections,
the latter requiring higher serum concentrations (18). Lastly, the very notion of threshold must be put
into perspective and it would be more appropriate to talk about the probability of a disease occurring
for the different serum antibody levels, measured shortly after the vaccine is administered (18).

PCV10 and PCV13 induce the development of antibodies to serotypes used in the composition of
each vaccine, but also to the polysaccharides belonging to related serotypes, which can confer
cross-protection. A review of studies directly comparing the immunogenicity of the two vaccines
generally shows higher IgG geometric mean concentrations with PCV13 than with PCV10 for the

10 common antigens (2). However, the differences are substantially less for OPA titers and antibody
avidity assays (19). PCV13 induces higher OPA titers than PCV10 for serotypes 6A, 19A and, of
course, serotype 3 (19).

A non-randomized study assessed OPA titers in children who received 2+1 doses of PCV13 or

two doses of PCV10, followed by one PCV13 booster (20). The only statistically significant
differences in favour of the PCV13 2+1 schedule were related to serotypes 7F, 14 and 23F. For
serotype 19A, there was a negligible difference in titers after the booster. For serotype 3, it seems
that only one dose administered after the age of 12 months is as immunogenic as 2+1 doses. This
last observation is corroborated by the results of another study comparing the PCV13 3+1 dose
schedule with a schedule of two doses of PCV7 and one dose of PCV13 (21). A study comparing the
various PCV13 immunization schedules demonstrated particularly low concentrations of serum
antibodies to serotype 3 following a booster dose (22).

Pertussis vaccination in pregnancy is another aspect that must be taken into account when
determining the immunogenicity of pneumococcal conjugate vaccines for newborns. The efficacy of
a vaccine for pregnant women to prevent pertussis and its complications for newborns was recently
demonstrated in studies conducted in the United Kingdom (23,24). Routine immunization of pregnant
women, ideally in the beginning of the third trimester, is now recommended in certain countries,
including Australia, the United States and the United Kingdom (23). In addition to the pertussis
component, all the vaccines used contain tetanus and diphtheria toxoids. The diptheria toxoid is
chemically related to CRM1g7, the carrier protein used in PCV13. Hence, there is a potential for
interference between the maternal antibodies present in the newborn of a mother vaccinated against
pertussis when the child receives a vaccine at a young age that contains the diphtheria toxoid or
CRM197(25,26). A study conducted in the United Kingdom demonstrated that infants of mothers who
were vaccinated with a DTaP-IPV vaccine had a lower serological response against pneumococcal
disease when vaccinated with PCV13 at the age of two and four months (27). The same was shown
in another study conducted in Belgium (28). The clinical meaning of such an interference is not
known. To our knowledge, no other similar study has been conducted on children vaccinated with
PCV10. However, most polysaccharide antigens in this vaccine are conjugated to the protein D of
Haemophilus influenzae and only 19F is conjugated to the diphtheria toxoid. Therefore, the potential
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for negative interference is theoretically lower. With a mixed schedule, after the age of one, no
significant interference should normally occur with the first dose of PCV13, because the maternal
antibodies against the diphtheria toxoid should have since disappeared by the age of 12 monrths.

In conclusion, it seems that there is little difference between PCV10 and PCV13 in terms of the
immunologic response for common antigens. The advantage of PCV13 lies in the response against
serotypes 19A and 3. The difference observed for serotype 6A is less important given that there is a
high level of cross-protection against invasive disease caused by this serotype, conferred by
antigen 6B, which is present in PCV10. This was demonstrated with the use of PCV7 (29). The
advantage of a mixed schedule of two doses of PCV10 + one dose of PCV13 would be to increase
protection against serotype 19A after the booster, and to thus prolong the duration of direct
protection. An increase in the levels of antibodies to serotype 19A following the booster could have
an effect on carriage and thus potentially maintain herd immunity. Regarding serotype 3, which
PCV10 does not contain, a mixed schedule could have the same efficacy as a schedule that includes
only PCV13, but only after the booster has been administered.
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The results of studies that have been published or presented at conferences on the direct efficacy of
PCV10 and PCV13 in preventing invasive disease in children are illustrated in Table 3. Two
randomized trials were conducted on PCV10, but only case-control observational studies or those
using the indirect cohort method (a variant of a case-control study) are available for PCV13. A
quantitative synthesis is not feasible given the differences between the schedules, the definition of
the vaccine status, age and the duration of follow-ups. In general, both vaccines are very effective in
preventing invasive disease caused by the serotypes contained in the respective vaccines.

An ecological study conducted in Finland following the introduction of PCV10 strongly suggests that
this vaccine provides cross-protection against serotype 6A IPD (30). Note that PCV7, which, like
PCV10, contains the 6B polysaccharide, confers a high level of cross-protection against IPD caused
by serotype 6A(29).

There is evidence of the efficacy of PCV10 in preventing the IPD caused by serotype 19A; the short-
term estimates are not much different from those obtained with PCV13 (Table 3). Given that the
antibody levels induced by PCV10 are lower than those generated by PCV13 against 19A(2), the
cross-protection may not last as long as direct protection. This matter has been raised in

Finland (Palmu, personal communication). This problem could be resolved with the use of a mixed
schedule, since the antibody titers obtained following the booster are close to those observed after
the booster in a 2+1 PCV13 schedule (20).

PCV10 does not cover serotype 3 and protection cannot be expected from a 2+1 PCV10 schedule.
For PCV13, protection estimates against serotype 3 are systematically lower than for other vaccine
serotypes (Table 3). This lesser efficacy seems to be particularly true for the 2+1 schedule, as
demonstrated in the United Kingdom (17). No data exists on the protection conferred against
serotype 3 IPD with a single dose of PCV13 at 12 months of age.

The Swedish study on the epidemiology of IPD is especially interesting, because some counties
switched from PCV7 (introduced in 2008-2009) to PCV10 beginning in 2010, and another from PCV7
to PCV13 (31). Overall, a reduction in IPD caused by vaccine serotypes has been observed in all age
groups, as well as a variable increase of non-vaccine serotypes. The overall incidence of IPD has
decreased in children following the introduction of PCV7 and new-generation vaccines. Similar
decreases were observed in PCV10 and PCV13 counties. In adults, the overall incidence of IPD has
not changed significantly in either group. Serotype 19A increased in counties using PCV10, and
decreased those using PCV13. On the other hand, there was a more substantial increase in non-
vaccine serotypes in PCV13 counties compared with PCV10 counties, which explains why there was
no significant difference in the incidence of all serotype IPD.
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The case-control study initiated in Québec in 2005 (32) was pursued and the preliminary results,
which include cases reported up to December 31, 2016, are now available (Table 4). In general, the
efficacy estimates are slightly lower than those determined in the study that ended in 2013. PCV10 >
1 dose against the 13 serotypes = 78% efficacy compared with the previous 84% and PCV13 > 1
dose against the 13 serotypes = 82% efficacy compared with the previous 86% (33). This could be
the result of the longer follow-up period and of a possible reduction in protection due to the time
elapsed since the last dose. The other observation is the absence of a major difference between the
various vaccines and schedules. The cross-protection efficacy provided by PCV10 against serotype
19A is not much different from the direct protection conferred by PCV13, although the latter may
provide a slight advantage after three doses. For serotype 3, there are few cases and estimates have
very wide confidence intervals. PCV13 confers no significant protection against serotype 3.

In conclusion, the data from Sweden and Québec are reassuring in terms of the relative performance
of the different schedules in preventing invasive disease in children.
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Table 3 Results of studies on the direct efficacy of pneumococcal conjugate vaccines against invasive disease in children
IPD serotypes
References | PCV Type of study and Background Analysis
context PCV10 6A 19A 3 PCV13
. RCT in three Latin | No prior PCV7 use; ) t | 100% -99%
l’lrer;%%rx(gz) 10 American 3+1 doses per e:::nr(;n 0co 741 1%0 2090 to 80 ND ND
v countries protocol = 1 dose (74 to ) 2, 082)
Randomized trial No prior PCV7 use; ) t | 100%
gg';’gég)t 3. | 40 | on communities in | 3+1 or 2+1 doses irf:;’ oco o1 10 100 ND ND ND ND
Finland per protocol = 1 dose (91to )
. . Age-

Domingues Matched casg— No prior PCV7 use; apprgpriate 84% 15% 829 6%

et al., 10 control study in 3+1 doses vaccination > 1 66 to 92 312 to 82 11 t0 96 578 to 76 ND
2014(36) Brazil recommended dose = (66 t0 92) ¢ to 82) (1110 96) ¢ to 76)

Verani et al., 10 | Indirect cohort in No p:;|+o1r Zgggsuse; All ages 73% 51% 71% ND ND
2015(37) Brazil recommended > 1 dose (44 1o 87) (-52 to 84) (17 to 90)

Deceuninck Unmatched case- | .o BeV7 use: 241 All ages 97% 71% 84%
et al., 10 control study in doses recomme:nded 214 84 t0 99 24 to 89 ND 65 to 93
2015(33) Québec 21 dose (84 10 99) (24 to 89) (6510 93)

Matched case- Prior PCV7 use;
Moore et al. ; ’ All ages 86% 80% 86%
’ 13 control study in 3+1 doses ND ND
2015(38) the United States recommended > 1 dose (76 to 94) (20 to 94) (76 to 92)
>1 dose < 1
Andrews et 13 Indirect cohort in | Prior PCV7 use; 2+1 | year of age or 1 ND 98% 67% 26% 75%
al.,, 2014(17) the UK doses recommended | dose > 1 year of (64 to 100) (83 to 84) (-69 to 68) (58 to 84)
age

ND: Not determined.
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Table 3 Results of studies on the direct efficacy of pneumococcal conjugate vaccines against invasive disease in children
(continued)
IPD serotypes
References | PCV Type of study and Background Analysis
context PCV10 6A 19A 3 PCV13
Deceuninck Unmatched case- | o1 poy7 use; 241 | All ages 74% 86%
et al,, 13 control study in doses recommended > 1 dose N/A N/A 1110 92 ND 62 t0 95
2015(33) Québec 2 (1110 92) (62 to 95)
Matched case- Prior PCV7 use;
; 96%
g:‘luuezvoa;g(gtg) 13 control study in 3+1 doses 51' 2%?6 ND ND ND ND 431 1000
" Spain recommended - (3to )
Limiometal, | 13 | Indirectconortin | PrigrET use > 1dose ND 90% 7% 4% 86%
2016(40) Germany recommended <2years (56 to 100) (47 to 90) (2 to 93) (74 to 93)
. . . > 2 doses
Weinberger Indirect cohort in Prior PCV7 use; < 12 months or 83% 0% 85%
etal, 13 German 3+1 doses > 1 dose ND ND 41 t0 95 791t089) | (64 to 94
2016(41) Y recommended 2 (411095 | (-791t089) | (6410 94)
> 12 months
Matched case- Prior PCV7 use;
; 82%
231%t(j'2')’ 13 | control study in 3+1 doses 5'1' f‘j%iz ND ND > ND ND
Taiwan recommended - (6310 91)
Matched case Prior PCV7 use;
- 85%
Cohen et al., 13 control study in 3+1 doses All ages ND ND ND ND (
2017(2) : recommended (6 and > 2 doses (37 to 91)
South Africa
14 weeks, 9 months)
Savulescu et Indirect cohort in | F 110 PCV7 use; 3+1 > 1 dose (74 t0 92) (44 to 84) (80 to 91)
13 o or 2+1 doses =
al., 2014(43) 10 sites in Europe
recommended 1-4 years ND ND 94% 57% 86%
3 or 4 doses (82 to 98) (5 to 81) (76 to 92)

ND: Not determined
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Table 4

Efficacy' of various schedules (VE) against invasive pneumococcal disease (IPD)

in children under age five in Québec: Control-case analysis of cases occurring
between 2000 to 2015, based on the vaccine schedule

Number of doses Vaccine
PCV10 PCV13 PCV10 + 13
Invasive disease caused by serotypes included in PCV13
No. vaccinated o1 34 N/A
> 1 dose cgses
Efficacy 78% 82%
95% ClI 55% to 89% 62% 1o 91%
No. vaccinated 11 18 0
= 2 doses cgses
Efficacy 74% 76% 100%
95% ClI 36% to 89% 46% to 89% ND
No. vaccinated
cases 6 12 5
= 3 doses Efficacy 81% 87% 78%
95% Cl 48% to 93% 67% to 94% 34% to 92%
No. vaccinated 6 13 5o
cases
2 3 doses Efficacy 82% 87% 83%
95% CI 51% to 94% 68% to 94% 51% to 94%
Invasive disease caused by serotype 3
No. vaccinated > 9 N/A
cases
2 1 dose Efficacy -36% -32%
95% CI -1,225% to 86% -1,220% to 87%
No. vaccinated y y 0
cases
=2 doses Efficacy -41% 71% 100%
95% CI -2,242% t0 91% -485% to 99% ND
No. vaccinated -
cases 0 6 1
= 3 doses Efficacy 100% -54% -33%
95% Cl ND -1,651% to 86% -2,110% to 92%
No. vaccinated 0 7 e
cases
= 3 doses Efficacy ND -56% 10%
95% Cl -1,626% to 86% -1,367% to 95%
Invasive disease caused by serotype 19A
No. vaccinated 16 o4 N/A
cases
2 1 dose Efficacy 52% 61%
95% Cl -21% to 81% -10% to 86%
No. vaccinated 9 16 0
cases
= 2 doses Efficacy 42% 33% 100%
95% CI -74% to 81% -101% to 77% ND

' Efficacy rate adjusted according to the year, age, season and existence of a risk factor for invasive pneumococcal disease.
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Table 4 Efficacy of various schedules (VE) against invasive pneumococcal disease (IPD)
in children under age five in Québec: Control-case analysis of cases between

2000 and 2015, based on the vaccine schedule (continued)

Vaccine
Number of doses
PCV10 PCV13 PCV10 + 13
No. vaccinated 5 6 4
cases
=3 doses Efficacy 60% 83% 58%
95% ClI -36% to 88% 37% to 95% -57% to 89%
No. vaccinated 5 6 4o
cases
> 3 doses Efficacy 63% 85% 69%
95% ClI -26% to 89% 45% to 96% -16% to 92%

Source: Unpublished data.

N/A = Not applicable; ND = Not determined; ** PCV10 + PCV10 + PC13 schedule; *** All combinations > 3 doses PCV10 -

PCV13.
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It is difficult to accurately measure the efficacy of PCV10 and PCV13 in preventing non-invasive
pneumococcal pneumonia. In children, there is no test or combination of tests that can diagnose,
with sensitivity and specificity, a non-invasive (or non-bacteremic) pneumococcal pneumonia, let
alone determine the serotype involved. For this reason, clinical and radiological criteria are generally
used, possibly in combination with biochemical tests (34). The results of a randomized clinical trial
provide information on the direct protection conferred by a vaccine, but not on the indirect effects
associated with herd immunity and the phenomenon of replacing vaccine serotypes with non-vaccine
serotypes. The use of administrative databases in before-after-control-impact (BACI) or time-series
designs is problematic given the uncertain validity of the codes used to record hospitalizations and
medical procedures, as well as the temporal variations that can occur in the accessibility and
organization of health services, the use of diagnostic tests, hospitalization criteria, and coding
practices. In adults, there are differences between the distribution of serotypes identified in invasive
pneumococcal disease and in non-invasive pneumonia, with a greater diversity of serotypes in the
latter category, as observed in Ontario (44). We can reasonably assume that the same differences
would be seen in children.

In a randomized trial conducted in South America, PCV10 was shown to have an efficacy of 22.4%
(95% CI: 5.7% to 36.1%) in preventing pneumonia with a radiologic image of consolidation and 7.3%
(95% Cl: 1.6% to 12.6%) for all cases of pneumonia diagnosed based on clinical criteria (34). In a
group-randomized trial conducted in Finland, the efficacy of PCV10 was 28.3% (95% CI: 4.0% to
46.0%) for cases of pneumonia confirmed by radiograph, including those with and without an image
of consolidation(45). In the latter study, there was no statistically significant difference between the
groups of children who received three (2+1) or four (3+1) doses of vaccine. PCV13 was approved
based on immunological criteria compared to PCV7, and there are no clinical outcome results from
randomized trials. In a randomized trial in California, PCV7 was shown to have an efficacy of 4.3%
(95% ClI: -3.5% to 11.5%) in preventing the initial episodes of clinically diagnosed pneumonia and
20.5% (95% CI: 4.4% to 34.0%) in preventing episodes with radiological confirmation (46). In a
randomized trial involving adults in the Netherlands, the efficacy of PCV13 was 75.0% (95% Cl:
41.4% to 90.8%) for invasive disease caused by vaccine serotypes and 45.0% (95% CI: 14.2% to
65.3%) for non-invasive pneumonia caused by vaccine serotypes (47). We can assume that the same
ratio of efficacy rates (45%/75% = 0.6) would be found in children.

In a recent systematic review, 32 studies on PCV10 or PCV13 using case-control and BACI designs
were analyzed (2). The vaccine efficacy results were highly heterogeneous, with effects varying from -
13% to -68% in terms of the frequency of clinically diagnosed pneumonia, and between -34% and -
66% for pneumonia with radiological confirmation. The authors concluded that there was no
evidence of one vaccine being better than another in preventing pneumonia. No study in this review
involved a direct comparison of the two vaccines.
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An analysis of all-cause pneumonia hospitalization rates was done in Sweden, where PCV7 was
introduced in 2008-2009, and then replaced with PCV10 or PCV13 starting in 2010, with the choice
of vaccine being made by each county (48). The results of this time-series study are difficult to
interpret, as the two groups of counties are not socioeconomically and demographically comparable,
the new vaccines were introduced gradually and on different dates, and the history of each county is
not given. In addition, the statistical analyses presented are not appropriate and do not take into
account, among other things, the heterogeneity of trends between counties.

In Québec, cohorts of children were exposed to different vaccination schedules, including PCV10
alone, PCV13 alone, and a combination of the two vaccines, most often two doses of PCV10 in the
first year and a booster dose of PCV13 after the age of 12 months. The Med-Echo database is
currently being analyzed for hospitalizations with a main diagnosis of all-cause pneumonia.
Preliminary results indicated that the risk of pneumonia was lowest in the cohorts of children exposed
to PCV13 (49). However, the results are difficult to interpret given the changes over the years to the
organization of services, including the creation of pediatric observation units, the introduction of new
antibiotics that facilitate outpatient treatment, and the general trend toward reducing the number of
hospital stays. At this stage, it is impossible to state whether one vaccination schedule is better than
another at preventing all-cause pneumonia hospitalizations in children.

22 Institut national de santé publique du Québec



Scientific advisory on the optimal schedule for childhood immunization against pneumococcal disease in Québec

The efficacy of PCV10 in preventing acute otitis media (AOM) was demonstrated in a randomized ftrial
(34). After a 30-month follow-up period, the protection rate was 16.1% (95% CI: -1.1% to 30.4%) for
clinically diagnosed AOM and 67.1% (95% CI: 17.0% to 86.9%) for AOM confirmed by culture and
caused by pneumococcal disease belonging to the vaccine serotypes. In a subsample of children
who participated in the group-randomized trial in Finland, the estimated protection against all
episodes of otitis was 6.1% (95% CI: -2.7% to 14.1%) in the 3+1 PCV10 group and 7.4% (95% CI: -
2.8 % to 16.6 %) in the 2+1 PCV10 group (50). An effect of PCV10 was also observed on
prescriptions of antibiotics indicated for the treatment of AOM: -8% (95% CI: -1% to -14%) in the
PCV10 groups combined, compared to the control group (35). However, these data do not allow us
to fully determine the potential impact of a program given herd immunity and the replacement of the
vaccine serotypes with other serotypes.

As for PCV13, we only have results from ecological studies in populations that are not very
representative and that mainly include cases of complicated or treatment-resistant otitis. In an Israeli
study, a 77% decrease in cases of otitis with positive pneumococcal cultures was noted between
2004 and 2013, during which time PCV7 and then PCV13 was used in the national immunization
program (51).

A time-series analysis conducted in Sweden on administrative records indicates that the introduction
of PCVs was followed by a decrease in the frequency of medical visits for otitis, myringotomy, and
ventilation tube insertions; the decrease was more marked in counties that used PCV10 than in those
that opted for PCV13 (52). However, these results must be interpreted with caution, given the
geographic variations that existed in the rates observed prior to the use of PCV7 and possible
temporal changes in the behaviour of parents and doctors in suspected cases of AOM.

The analysis done in Québec based on billings for medical visits with a diagnosis of otitis does not

allow us to draw robust conclusions on the differences between the different schedules that include
PCV10 or PCV13.
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8.1 Effect on carriage

To induce herd immunity, a pneumococcal conjugate vaccine must have an effect on the
nasopharyngeal carriage of Streptococcus pneumoniae. Knowing that the pneumococcal carriage
rate is highest in children aged 2-3 years, the antibodies generated by a booster dose after the age
of 12 months will be the most decisive in inducing herd immunity (53). The indirect effect of an
immunization program with a pneumococcal conjugate vaccine is quick to appear. However, it takes
several years to achieve a balance between the slowdown in the transmission of vaccine strains in
the general population and the replacement of vaccine serotypes with non-vaccine serotypes (54).

A systematic review of the effect on the asymptomatic carriage of PCV10 (14 studies) and of PCV-13
(15 studies) shows a reduction in the prevalence of vaccine serotypes that appears quickly and then
evolves (2). The speed and scope of the effects appear to be influenced by the distribution of
serotypes at the start, the vaccine coverage, the existence or not of a catch-up program, and the
schedule itself (booster or no booster). The same effect was also observed following a transition from
PCV7 to PCV13, whereas there are no studies on the transition from PCV7 to PCV10 other than in
Québec. This review did not include a study with satisfactory power in which the effect of PCV10 was
compared directly to PCV13, nor a study on a mixed PCV10 + PCV13 schedule.

When examining the effect for each serotype, we observe a modest effect of PCV10 on serotype 6A
(10-20% reduction in carriage) and the absence of effect on serotype 3 (2). In a randomized trial,
PCV10 had a null effect on the carriage of strains of serotype 19A, and variable results (no effect,
increase or decrease) were reported in observational studies (55). The results on the effect of PCV10
on the carriage of nontypeable Haemophilus influenzae strains are unconvincing (56). There is no
observed effect of PCV13 on serotype 3, although the data are imprecise (2). However, this vaccine
has a significant effect on the carriage of serotypes 6A and 19A (2,55).

In general, the effect of a PCV resulting in a decrease in the prevalence of vaccine serotypes appears
to be entirely offset by an increase in the prevalence of non-vaccine serotypes, without affecting the
overall prevalence of pneumococcal carriage (57).

Based on these observations, we can predict that PCV10 could have an indirect effect on invasive
disease caused by the vaccine serotypes, but not necessarily serotype 19A. We can also predict that
PCV13 would have an indirect effect on all vaccine serotypes, except for serotype 3. However, the
overall effect of these two vaccines on all cases of invasive disease is difficult to predict given the
highly variable nature of serotype replacement (54).
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8.2 Effect oninvasive disease

The de novo introduction of PCV10 or PCV13 in an immunization program or a transition from PCV7
to PCV10 or PCV13 resulted in a decrease in the incidence of the vaccine serotypes in adults and an
increase in the incidence of the non-vaccine serotypes (2). The magnitude of the herd immunity and
serotype replacement phenomena varies, and, as such, the overall incidence of IPD in adults may
either decrease substancially, as seen in the United States (38), decrease less as seen in the United
Kingdom, Norway and the Netherlands (58-60), or remain unchanged, as in Québec and Ontario (61).
The use of PCV10 generally leads to an increase in the incidence of 19A in adults, but also to a lesser
increase in the serotypes not covered by PCV13 compared to the situation when PCV13 is used (2).
There are no ecological studies that have specifically assessed the indirect effects of a mixed

PCV10 + PCV13 schedule, but it can be assumed, based on the immunogenicity data, that the overall
impact will be situated between that observed with PCV10 alone and with PCV13 alone. As in
Québec, the overall incidence of IPD in adults has not changed substantially since the introduction of
PCV7, PCV10 and PCV13, so we can reasonably predict that a return to a 2+1 PCV10 or mixed (2
PCV10 + 1 PCV13) schedule will have no perceptible impact (9) on the overall IPD rate in adults.

8.3 Effect on non-invasive disease

The incidence of all-cause pneumonia in adults is the best indicator of the indirect effect of using
pneumococcal conjugate vaccines in children and of the latter’s contribution to public health. This is
generally done as part of a before-after comparison or time-series design. Most studies of this nature
were based on hospital statistics (2). These types of studies are difficult to interpret because the
expected effect is modest in a serotype replacement situation, and because there is an increased
proportion of people with comorbidities in the elderly population, as well as significant variations in
the incidence of viral infections, including influenza. Consideration must also be given to temporal
variations in access to and organization of health services, in the eligibility criteria for an acute care
unit, and in coding practices. In a study conducted based on hospital statistics from several
countries, including the United States, no indirect impact of introducing PCVs was detected in adults
when the statistics were adjusted for all of the confounding factors mentioned (11).
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Since the first pneumococcal conjugate vaccine was approved in 2000, hundreds of millions of doses
of PCV7, PCV10 and PCV13 have been administered without any major safety issues (62). The results
of numerous clinical trials with PCV10 or PCV13 have shown only episodes of fever and generally
minor pain at the injection site (63-69). In a clinical trial in the United Kingdom, children already
immunized with PCV13 received a booster dose of PCV10 or PCV13 at the age of 12 months (70).
Pain at the injection site was scored slightly higher with PCV13 than with PCV10 (7.7 vs.7.2;

p = 0.04), with a tendency toward longer crying time. In Québec, the analysis of side effects reported
based on the periods of use of the different vaccines revealed a higher frequency of reported side
effects with PCV7 and PCV13 than with PCV10, without the emergence of a particular clinical entity
(MSSS, written communication). While there are benefits to using a less reactogenic vaccine,
especially in very young children, reactogenicity is not a major decision-making criteria.
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Approximately 240,000 doses of PCV13 are administered annually in Québec (86,000 births x 93%
coverage x 3 doses on average), at a substantial cost. If a request for proposals were to be issued to
two pharmaceutical companies, a pneumococcal conjugate vaccine could likely be obtained at a
lower price. This is precisely what happened with PCV10 in Finland, the Netherlands, and Belgium
(Arto Palmu, Lieke Sanders and Germaine Hanquet, personal communications). However,
negotiations with two companies would be more complicated in the case of a mixed schedule.

Each dollar saved on the unit cost of the vaccine would represent annual savings of $240,000 in
Québec. Assuming a $10 decrease in the price per dose of PCV10, this would correspond to

$2.4 million in savings, and $4.8 million in savings if the price per dose were to decrease by $20. In
the case of a mixed schedule, the savings would be $1.6 million and $3.2 million for a price drop of
$10 and $20, respectively, provided the price of PCV13 remained stable.

From a public health standpoint, it is difficult to estimate the possible differences in adopting a 2+1
PCV10 or 2 PCV10 + 1 PCV13 schedule, compared to the current 2+1 PCV13 schedule. Throughout
Québec, there are children who have been immunized according to all sorts of schedules made up of
the three vaccines. As such, it is impossible to determine the effect of one particular schedule on the
transmission dynamics of pneumococcal disease in the general population. A new equilibrium
between herd immunity and serotype replacement does not yet seem to have been reached since
PCV13 was first introduced in 2011 (9).

Experience has shown that the overall incidence of IPD in adults did not change following the
successive introduction of the three conjugate vaccines in the pediatric immunization program
(Figure 1). Therefore, it is likely that another change would have only minimal effect on the overall
incidence of IPD, even if the distribution of the serotypes causing the disease were to differ
depending on the schedule used. As such, we would likely see a larger proportion of cases caused
by serotype 19A in a 2+1 PCV10 scenario, although with a smaller proportion of non-vaccine
serotypes, as was the case in Sweden (31). This could influence the choice of vaccines and the
vaccine schedule in adults. The increase in the proportion of IPD caused by serotype 19A in adults
could support the introduction of PCV13 in addition to PPSV23 in the immunization program for
seniors.

Since there is no conclusive evidence that one schedule is better than another in preventing all-cause
pneumonia and otitis in children (2), the decision will have to be based on forecasts of invasive
disease in children. The various schedules would differ essentially in the incidence of disease caused
by strains of serotypes 3 and 19A. The data available in Québec indicate that we could expect a
difference of two cases per year of serotype 3 between the 2+1 PCV10 schedule and the 2+1 PCV13
schedule. With a mixed schedule, we could expect a difference of one case per year on average,
knowing that protective antibodies are generated by a single dose of PCV13 after the booster dose at
age one (20). The assumptions about the differences between the various schedules are more
tenuous with respect to serotype 19A. PCV10 seems to provide direct cross-protection against this
serotype. However, it is less clear whether it can provide herd immunity. This possible absence of
herd immunity would not help in reducing the risk of disease in infants who are still not vaccinated
and in the small proportion of older children who are unvaccinated or not yet fully vaccinated. For its
part, the mixed schedule could provide direct and indirect protection very similar to that offered by a
2+1 PCV13 schedule and higher protection than that provided by a 2+1 PCV10 schedule.
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A possible scenario for a 2+1 PCV10 schedule would involve an increase of two cases per year of
serotype 3 compared to the current situation in children under age five and, possibly, a doubling of
the number of cases of serotype 19A, to the level seen in 2005, at the very beginning of the universal
vaccination program. Compared to current numbers, there would be a total of eight additional cases
per year, with no change in the incidence of serotypes other than 3 and 19A. We assumed that the
difference would be half as high with a mixed schedule. However, it is possible that all these
differences could be minimal or nil, as was seen in Sweden (31). We also conducted sensitivity
analyses to determine what the minimum number of additional cases compared to the current
situation would need to be in order to generate an incremental cost-effectiveness ratio of
$45,000/QALY,? which is the gross domestic product (GDP) per capita in Canada and one of the
thresholds that defines a desirable intervention (71). Another threshold is a value three times the
GDP, i.e. $135,000/QALY, which would be considered an acceptable indicator of cost-effectiveness
(71).

We made the assumption that the proportion of serious disease, including meningitis and empyema,
was 47% for serotype 3 and 14% for serotype 19A, with proportions of 5% and 2%, respectively, for
meningitis, as was seen in Québec (appendices 1 and 2). For deaths due to IPD, we used the rate of
4.8% observed in the United Kingdom in children aged five and under (72). As for meningitis, we
assumed that one-third of survivors would have neurological sequelae (73). Another assumption
concerns the frequency of severe neurological sequelae post-meningitis, established at 19%, and
that of isolated deafness, at 26% of all patients (6). The utility value was set at 0.6 for neurological
sequelae and at 0.8 for deafness (74). Life expectancy post-IPD at a young age is 80 years, which
corresponds to 30 years at an annual discount rate of 3%. Based on these assumptions, we can
estimate the number of QALYs lost in the scenarios where PCV10 or a mixed schedule is used
instead of PCV13 (Table 5).

The cost-effectiveness indices generated by a 2+1 PCV10 schedule, which would result in an
increase of eight cases per year, are presented in Table 5. The results are interpreted as follows: With
a PCV10 price under $10 per dose compared to PCV13, keeping the current schedule would not be
economically beneficial, with a cost per QALY gained of $190,000 for the most effective schedule. At
a price difference of $20 per dose, this index would jump to $351,000/QALY. The economic
acceptability thresholds are also exceeded with a 2+1 PCV13 schedule compared to the mixed
schedule, with incremental costs being $254,000/QALY and $507,000/QALY, respectively. If we
compare the mixed schedule to the 2+1 PCV10 schedule (right-hand column in Table 5), we can see
that the 2+1 PCV-10 schedule generates better incremental cost-effectiveness ratios (ICER) than the
mixed schedule, but that the latter option would be acceptable with a $10 per dose price difference
between the two vaccines in the chosen scenario (ICER = $127,000/QALY).

To achieve a threshold of $45,000/QALY with a $10 per dose price difference between the two
vaccines, the 2+1 PCV10 schedule would have to result in 34 additional cases of IPD per year
compared to the current number of cases reported in children under age five (47 cases), i.e. a 72%
increase (81 cases vs. 47 cases). At a $20 per dose price difference, there would have to be 68
additional cases in order to reach the threshold, i.e. a 144% increase in the incidence rate. With the
mixed schedule and a $10 per dose price difference between the vaccines, the annual number of
cases would have to increase by 45 compared to the current situation in order to reach the threshold
at which the 2+1 PCV13 schedule would be considered the most economically sound.

2 QALY: quality-adjusted life year.
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Therefore, the economic analyses show that in plausible scenarios involving a small increase in the
number of cases over the current situation, the 2+1 PCV10 and mixed schedules are more
advantageous. The number of cases would have to increase substantially in order to affect this
conclusion, which is unlikely. If, as observed in Sweden (31), we assume that the 2+1 PCV10 and 2+1
PCV13 schedules will be equivalent for IPD, then we need to choose the schedule that uses only the
least expensive vaccine. We did not conduct sensitivity analyses of the differential efficacy rates of
the various schedules for pneumonia and otitis. Given the major financial burden of otitis compared
to invasive disease and pneumonia (74), a vaccine that would reduce the incidence of otitis would
have a strong economic advantage.

Table 5 Benefits and annual marginal costs of schedules using PCV10 compared to the
schedule that exclusively uses PCV13 in children under age five in Québec, in a
scenario of unfavourable vaccine efficacy with PCV10

Schedule 2+1 PCV10 2 PCV10 + 1 PCV13

@) (0) (@) vs. (b)
Additional cases 8 4 4
Severe cases (21%) 1.68 0.84 0.84
Death (4.8%) 0.4 0.2 0.2
Meningitis (2%) 0.16 0.08 0.08
Sequelae (31.7% of meningitis 0.05 0.03 0.03
cases)
Quality-adjusted life years (QALY) 12 61 6.31 6.31
lost
Marginal cost ($10/dose) $2,400,000 $1,600,000 $800,000
Cost/case avoided $300,000 $400,000 $200,000
Cost/QALY $190,259 $253,678 $126,839
Marginal cost ($20/dose) $4,800,000 $3,200,000 $1,600,000
Cost/case avoided $600,000 $800,000 $400,000
Cost/QALY $380,518 $507,357 $253,678

Assuming 26% of meningitis patients will experience neurological sequelae at a utilitarian value of 0.6, that 19% of
survivors will experience deafness at a utilitarian value of 0.8, that the life expectancy of survivors is 80 years,
corresponding to 30 years at an annual discount rate of 3%. The costs per case avoided and per quality-adjusted life year
(QALY) gained correspond to the investment that would be needed to maintain the health benefits provided by the more
effective, more expensive schedule compared to the less effective, but also less expensive schedule.
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11.1 Feasibility

If a mixed schedule were chosen, it would not be the first time in Québec that different vaccines were
administered at different ages. However, using two vaccines in a mixed schedule could cause some
problems in the field by complicating the inventory management process. Administration errors could
also occur. Administering PCV13 instead of PCV10 would be inconsequential. Administering PCV10
instead of PCV13 for the 12-month booster dose would be of practically no consequence given the
low circulation of serotypes 3 and 19A, and the negligible difference in efficacy between the two
vaccines. These types of errors could be minimized by giving immunization providers sufficient
information.

11.2 Compliance

PCV10 and PCV13 are used widely around the world. In Europe, for example, PCV13 is used in
France, the United Kingdom and Italy. However, some countries, such as the Netherlands, Belgium,
Finland and Iceland, opted for PCV10 further to a request for proposals. In other countries like
Sweden, Germany, Slovakia, and the Czech Republic, both vaccines are used. The Netherlands
transitioned from PCV7 to PCV10, and Belgium from PCV13 to PCV10. To date, there has been no
cause to question these choices. At the moment, no country uses a mixed schedule.

11.3 Acceptability

Certain clinicians and experts tend to prefer PCV13 to PCV10 (12), probably due to the belief that a
greater number of antigens is always preferable and that cross-protection is tenuous. A mixed
schedule including a booster dose of PCV13 could be seen as reassuring to people who are
convinced that PCV13 is superior to PCV10. In a recent review commissioned by the World Health
Organization, the authors do not state that one of the two vaccines is better or worse than the other
and recommend that the choice be based on a range of considerations, including product availability,
the epidemiological context, the potential efficacy of the two vaccines, and economic factors (2).
Whatever decision it makes, the MSSS will have to clearly explain its reasoning to the population and
to healthcare professionals in particular.
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The main decision-making elements are listed in Table 6.

First finding: The three schedules analyzed are all defensible and none can be rejected outright. Many
industrialized countries use 2+1 PCV10 and 2+1 PCV13 schedules, and a mixed schedule must not
be inferior to a 2+1 PCV10 schedule.

Second finding: When it comes to making a decision, the two greatest uncertainties are the number
of additional cases of IPD that could occur in children with a 2+1 PCV10 or mixed schedule
compared to the current PCV13 schedule, as well as the price difference between the two vaccines.
The cost-effectiveness ratios of the various scenarios will be adjusted by the combination of these
two parameters.

If the objective is to preserve health gains regardless of the cost and cost-effectiveness of the
program, then the safest option would be to keep the current 2+1 PCV13 schedule. Keeping the
current schedule would also be preferable if the difference between the costs of PCV10 and PCV13
were low. If we think there will be little or no difference in the number of IPD cases, then the 2+1
PCV10 schedule is the most effective option, assuming a unit price less than that of PCV13.

The active members of the CIQ unanimously voted in favour of a mixed schedule rather than a
PCV13-only schedule, provided the price difference is significant. A mixed schedule seems safe
enough to preserve the gains made by the current PCV13 schedule in terms of reducing the burden
of the disease in children and preventing the risk of an increased incidence of 19A in the general
population. Moreover, in most scenarios, the mixed schedule has an economic advantage over the
current 2+1 PCV13 schedule.

Given the uncertainties surrounding the price and purchasing conditions of the vaccines, it would be
wise not to issue an unequivocal recommendation and to allow the Ministére de la Santé et des
Services sociaux to make the final decision based on its priorities and the proposed prices. Should it
be impossible to negotiate the purchase of vaccines for a mixed schedule and should the only option
be to choose between keeping the current 2+1 PCV13 schedule or opting for a 2+1 PCV10 schedule,
then a new consultation would be needed.

Whatever the final decision, active and ongoing surveillance of the epidemiology of IPD and
pneumonia-related hospitalizations needs to continue. Should the disease epidemiology change, the

ClQ’s scientific advisory will be reviewed and the program adjusted accordingly.

A supplementary scientific advisory regarding the recommended schedule for high-risk groups,
including children living in Québec’s northern regions, will be written at a later time.
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Table 6

Summary of the advantages and disadvantages of the different childhood

vaccination schedules to prevent pneumococcal disease in Québec

Decision-making factor

2+1 PCV13

2+1 PCV10

Mixed schedule

Immunogenicity

Possibility of negative
interaction during the 2-
and 4-month doses in
the event of vaccination
of pregnant women
against pertussis.

Functional antibody titre
(OPA) lower for
serotypes 6A and 19A,
and absence of response
against serotype 3.

Functional antibody titre
(OPA) lower for
serotypes 6A and 19A,
and absence of response
against serotype 3
before booster dose.

Direct protection against
IPD

High protection against
12 of the 13 serotypes
included in the vaccine,
but low protection
against serotype 3.
These advantages are
partially eroded by
serotype replacement.

High protection against
the serotypes included in
the vaccine and against
6A and 19A, but absence
of protection against
serotype 3.

These advantages are
partially eroded by
serotype replacement.

Following the booster
dose: higher protection
against 12 of the 13
serotypes included in
PCV13 with
reinforcement of
protection against
serotype 19A and
possible modest
protection against
serotype 3—only after
the booster dose.
These advantages are
partially eroded by
serotype replacement.

Protection against
pneumonia

Probable modest
protection against 12 of
the 13 serotypes
included in the vaccine
and uncertain protection
against serotype 3.

A good part of these
advantages are likely
eroded by serotype
replacement.

Probable modest
protection against the 10
serotypes included in the
vaccine, possibly against
serotypes 6A and 19A,
and absence of
protection against
serotype 3.

A good part of these
advantages are likely
eroded by serotype
replacement.

Probable modest
protection against 12 of
the 13 serotypes
included in the vaccine
and uncertain protection
against serotype 3.

A good part of these
advantages are likely
eroded by serotype
replacement.

Protection against otitis

Probable protection
against the serotypes
included in the vaccine.

A large part of these
advantages are likely
eroded by serotype
replacement.

Probable protection
against the serotypes
included in the vaccine,
possibly against 6A and
19A.

A large part of these
advantages are likely
eroded by serotype
replacement.

Probable protection
against the serotypes
included in the vaccine,
possibly against 6A and
19A.

A large part of these
advantages are likely
eroded by serotype
replacement.

Herd immunity

Herd immunity against
12 of the serotypes
included in the vaccine,
but not against serotype
3.

Herd immunity against
10 of the serotypes
included in the vaccine
but not against serotypes
3, 6A and 19A.

Probable herd immunity
against 12 of the
serotypes included in
PCV13, but not against
serotype 3, after the
booster dose.
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Table 6 Summary of the advantages and disadvantages of the different childhood
vaccination schedules to prevent pneumococcal disease in Québec (continued)

Decision-making factor 2+1 PCV13 2+1 PCV10 Mixed schedule

Good, but fewer local
reactions with the first
two doses

Good, but fewer local

Safety Good .
reactions

Cost Probably the highest Probably the lowest Probably in between

Intermediate cost-
effectiveness index in

many scenarios, and the | Most favourable cost-
Least favourable cost-

Cost-effectiveness . ) most favourable in the effectiveness index in
effectiveness index ) .
assumption of non- many scenarios.
inferiority of PCV10
compared to PCV13.
Acceptability Strong Weak Intermediate
Feasibility High High A little less
Compliance High Low in Canada, high Low in Canada and
P 9 worldwide worldwide
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Appendix 2

Characteristics of cases of serotype 3 invasive
pheumococcal disease included in the directory of
reportable diseases in children under age five in Québec
and vaccinated with 2 1 dose of PCV13, 2011-2015






Characteristics of cases of serotype 3 invasive pneumococcal

Scientific advisory on the optimal schedule for childhood immunization against pneumococcal disease in Québec

disease included in the directory of reportable diseases in children
under age five in Québec and vaccinated with 2 1 dose of PCV13,

2011-2015
Age Age .
Age in Clinical . PCV13 Age 2nd Age 4th Time to
Year . Risk factor 1st dose 3rd dose final dose
months | presentation doses (days) dose (days) dose (days)
v (days) v (days) v
2012 4 Meningitis 1 63 67
2012 11 AOM West syndrome 2 108 152 204
2014 24 AOM Encephalopathy 3 73 136 366 392
2014 27 Bacteremia 3 72 156 389 438
2015 | 28 Empyema (Extremely 3 59 122 374 483
premature infant)
2015 32 Empyema 3 71 153 394 604
2015 48 Bacteremia 'mm”“°§‘rjlf’gpressa“t 4 64 127 182 371 1,095
Source: Epidemiological survey on invasive pneumococcal disease in children under age five in Québec, INSPQ.
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Appendix 3

Characteristics of cases of serotype 19A invasive
phneumococcal disease included in the directory of
reportable diseases in children under age five in Québec
and vaccinated with 2 1 dose of PCV13, 2011-2015
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Characteristics of cases of serotype 19A invasive pneumococcal
disease included in the directory of reportable diseases in children

under age five in Québec and vaccinated with 2 1 dose of PCV13,

2011-2015

Year Age in CIinicaI_ Risk factor PCV13 Ags;est ‘2\23 I:.\;?: 2?: fiIiaTgc::e
months | presentation doses (days) dose dose dose (days)
(days) | (days) | (days)
2011 2 Bacteremia 1 62 20
2011 9 AOM 2 61 127 175
2011 11 Pneumonia 2 57 116 220
2011 12 Mastoiditis 2 46 109 279
2012 2 Bacteremia Northern region 1 71 16
2012 8 Meningitis 2 66 137 115
2012 8 AOM 2 64 123 137
2012 9 Mastoiditis 3 77 113 198 106
2012 10 AOM 2 90 153 168
2012 10 AOM 2 65 128 179
2012 10 Pneumonia 2 75 141 171
2012 10 Bacteremia 2 68 123 203
2012 11 AOM 2 65 127 208
2012 16 Empyema 3 54 109 370 131
2013 9 AOM 2 64 125 154
2013 10 AOM 2 64 127 180
2013 11 Mastoiditis 2 64 119 232
2013 12 Mastoiditis 2 62 125 252
2013 14 Bacteremia Laryngomalacia 2 62 124 306
2014 9 AOM 2 67 125 158
2014 10 AOM 2 62 124 207
2014 24 Empyema 3 62 125 379 372
2014 30 Empyema s?;:{fgé’l‘; H‘aﬁ’t 3 67 131 380 551
2015 8 Pneumonia 2 60 123 147
2015 16 AOM Northern region 4 67 133 189 441 62
2015 24 Pneumonia 3 62 118 384 362
Congenital
2015 37 Pneumonia immunodeficiency 2 74 120 1013
and transplant
Source: Epidemiological survey on invasive pneumococcal disease in children under age 5 in Québec, INSPQ.
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