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ABSTRACT

Introduction: To evaluate the expected impact
of the Algeria national immunization program
(NIP) and potential impact for a Tunisia NIP,
this study assessed the public health and eco-
nomic value of vaccination, through a cost-ef-
fectiveness analysis, for a PCV13 or PCV10 NIP,
compared with no vaccination.
Methods: A decision-analytic model was pro-
grammed in Microsoft ExcelTM and adapted to
evaluate the clinical and economic outcomes of
PCV vaccination. Assuming a steady state, the
model estimated invasive pneumococcal disease
(IPD; bacteremia and meningitis), all-cause

pneumonia (inpatient and outpatient), and all-
cause otitis media cases as well as the associated
costs from a payer perspective. The base case
scenario assumed direct effects for both PCVs
and indirect effects (against IPD) for PCV13
only.
Results: In Algeria, compared with no vacci-
nation program, PCV13 would save 2177 lives
and avoid nearly 349,000 cases of IPD, pneu-
monia, and AOM at a highly cost-effective value
of $308 per QALY. In Tunisia, PCV13 would
save 308 lives and avoid 1305 cases of IPD, 4833
cases of pneumonia, and 54,957 cases of AOM
at a highly cost-effective value of $848 per
QALY. PCV10 prevented 1224 deaths and
270,483 cases of disease in Algeria and pre-
vented 172 deaths and 56,610 cases in Tunisia.
PCV10 was cost-effective in both Algeria at
$731/QALY and in Tunisia at $1366/QALY.
Conclusion: The ongoing NIP in Algeria is
projected to reduce the impact and economic
toll of pneumococcal disease in Algeria. If an
NIP were also introduced in Tunisia, a com-
mensurate impact would be expected. PCV NIPs
are highly cost-effective, highly impactful pub-
lic health interventions.
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INTRODUCTION

Streptococcus pneumoniae (S. pneumoniae) is a
common gram-positive bacterium with more
than 95 serotypes, often colonizing the
nasopharynx of healthy infants. S. pneumoniae
can spread across the mucosa to cause non-in-
vasive diseases, and occasionally the bacteria
cross the mucosal barrier to cause invasive dis-
ease. Non-invasive disease is represented mainly
by pneumonia (lung infection) and otitis media
(OM, middle ear infection). Invasive pneumo-
coccal disease (IPD) occurs if the bacteria enter
the bloodstream (bacteremia/septicemia) or
travel via the bloodstream to seed other sterile
sites (meningitis, septic arthritis, and
osteomyelitis). Both invasive and non-invasive
pneumococcal diseases present a substantial
health and economic burden worldwide.

A seven-valent pneumococcal polysaccha-
ride-protein conjugate vaccine (Prevenar�,
PCV7) was licensed in February 2000 in the USA
and subsequently recommended for routine
immunization of all infants beginning at
2 months of age, with additional recommen-
dations provided for the immunization of older
infants and children at an increased risk of
pneumococcal disease [1]. PCV7 offered pro-
tection against the seven serotypes responsible
for a high proportion of disease worldwide (4,
6B, 9 V, 14, 18C, 19F, and 23F). Four years after
PCV7 implementation in the USA, surveillance
results indicated a 20% decrease in all-cause OM
visit rates [2], a 52.4% decrease in all-cause
pneumonia hospitalizations [3], and a 39%
decrease in cases of all-cause pneumonia [4] in
children\2 years. Subsequently, the next gen-
eration of PCVs, the 10- (PCV10) and 13-valent
(PCV13) vaccines, was introduced (Supplemen-
tary Table 1) and offered greater serotype cov-
erage against disease caused by an additional
three (1, 5, and 7F) and six (1, 3, 5, 6A, 7F, and
19A) serotypes, respectively, that were not cov-
ered in PCV7 [5, 6]. Now, 7 years since their
introductions, real-word effectiveness studies
indicate further effects for PCV10 [7, 8] and
PCV13 [9–12] on invasive and non-invasive
disease, in proportion to the enhanced serotype
coverage beyond PCV7.

Numerous countries around the world have
adopted PCVs into a national immunization
program (NIP) in response to the substantial
prevalence of pneumococcal diseases [13, 14],
morbidity, and mortality [15]. Vaccine ser-
otypes of S. pneumoniae have been identified as
the predominant cause of IPD [16] in North
Africa, causing 76.9% [18], 86.8% [16], and up
to 90% [17] in Algeria and 68% [19], 78% [20],
and up to 78.7% [21] in Tunisia. Some countries
now have adopted PCV NIPs [13, 14], beginning
with PCV13 in Morocco in October 2010 fol-
lowed by PCV10 in July 2012 [22, 23] and then
PCV13 in Algeria in April 2016. Likewise,
PCV10 and PCV13 are registered and available
within the private markets of Morocco and
Tunisia. The introduction and maintenance of
childhood pneumococcal vaccination programs
in Morocco and Algeria, and the introduction in
Tunisia, are expected to result in reduced mor-
tality, disease burden, and direct medical costs.

Cost-effectiveness analyses are an effective
tool to inform decision-makers about the value
of introducing a vaccination program and the
clinical and economic impact of each available
PCV program [24]. Lower-middle income
countries often perceive the cost of PCVs as
high relative to other vaccines, but evidence
suggests that PCV immunization programs can
be a cost-saving and/or highly cost-effective
health intervention to reduce their substantial
disease burden [25, 26]. The objective of this
study was to assess the public health impact and
value of vaccination as assessed by the cost-ef-
fectiveness of a PCV13 or PCV10 NIP compared
with no vaccination. These outcomes are pre-
sented for Algeria as the expected impact of the
ongoing NIP and in Tunisia as the potential
impact should an NIP begin.

METHODS

Model

A decision-analytic model was programmed in
Microsoft ExcelTM and adapted to evaluate the
clinical and economic outcomes of PCV vacci-
nation in Tunisia and Algeria based on the total
cases of IPD, pneumonia, and acute otitis media
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Table 1 Epidemiologic inputs used in the cost-effectiveness of an infant pneumococcal vaccination program

Input Algeria Tunisia Sources

Total population 40,263,711.00 11,134,588.00 Census, 2016

Population\ 2 years 1,825,578.00 359,035.00 Census, 2016

Disease rates (per 100,000 person-years)

Invasive pneumococcal disease (IPD)

Pneumococcal bacteremia

Incidence 8.2–84.1 8.2–84.1 Nakamura, 2011 (ages[ 5)

Case fatality rate (CFR) 4.3–30% 4.3–30% O’Brien, 2009 (ages B 5)

Pneumococcal meningitis

Incidence 2.50–14.3 2.50–14.3 Nakamura, 2011 (ages[ 5)

Case fatality rate (CFR) 15.7–80% 15.7–80% O’Brien, 2009 (ages B 5)

Hearing loss, probability of (%) 7.0% 7.0% Ray, 2006

Neurologic sequelae, probability of (%) 13.0% 13.0% Ray, 2006

Inpatient pneumonia Rudan, 2004; Rudan, 2008

Incidence (per 100,000 person-years) 39.5–1882 14.7–925.1 Nakamura, 2011

Case fatality rate (CFR) 1.4–9.7% 1.4–9.7%

Outpatient pneumonia

Incidence (per 100,000 person-years) 98.3–20,000 98.3–8740.33 Rudan, 2004; Rudan, 2008

Simple AOM

Incidence (per 100,000 person-years) 112,500–71,666 112,500–71,666 Teele, 1989

Direct medical costs ($)

Vaccine cost per dose (PCV10/PCV13) 14.60/15.70 14.60/15.70 Expert review, 2013a

Administration cost 0.92 2.48

Pneumococcal bacteremia 66,713 740

Pneumococcal meningitis 166,782 1849

Pneumonia inpatient 55,594 616

Pneumonia outpatient 8406 118

Simple AOM 3205 42

Life expectancy, years

0 to \ 2 years 76 75 Census, 2016

2–4 years 76 75

5–17 years 69 67

18–34 years 55 53

35–49 years 39 38
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avoided, as described in detail previously
[27–30]. Individuals entered the model with
either a PCV13 or PCV10 NIP in place. Children
\ 1 year were assumed to receive the full two-
dose primary series and one booster dose in the
2nd year of life. Each individual vaccine recipi-
ent had a probability of the following mutually
exclusive health states: no disease, pneumo-
coccal meningitis, pneumococcal bacteremia,
all-cause pneumonia (in- or outpatient), and all-
cause OM (Supplementary Fig. 1). IPD (bac-
teremia and meningitis) and inpatient pneu-
monia conferred an increased risk of mortality
(Table 1), while meningitis also carried a prob-
ability of long-term sequelae such as neurologic
impairment and hearing loss. Outpatient
pneumonia and otitis media were expected not
to be associated with mortality.

Outcomes due to vaccinating an infant birth
cohort were calculated for the entire population

over a 1-year time horizon once the vaccine
effects were assumed to reach a steady state. The
model then estimates the number of cases: IPD
(bacteremia and meningitis), all-cause pneu-
monia (inpatient and outpatient), and all-cause
OM. The estimated number of cases was calcu-
lated under multiple scenarios, which also
included the assumption of indirect protection,
meaning that the effects of the vaccine exten-
ded to both vaccinated and unvaccinated
groups. Costs and quality adjusted life years
(QALYs) were discounted at an assumed rate of
3% for both Algeria and Tunisia, and the results
are presented from a payer perspective.

Population and Vaccination Rates

Table 1 presents population estimates for Alge-
ria and Tunisia in 2016 with age-specific

Table 1 continued

Input Algeria Tunisia Sources

50–64 years 24 22

65 ? years 8 7

Vaccine effectiveness PCV10/PCV13

Pneumococcal bacteremia 0.94/0.94 0.94/0.94 Black, 2006

Pneumococcal meningitis 0.94/0.94 0.94/0.94

Pneumonia inpatient 0.26/0.31 0.29/0.32 Black, 2000

Pneumonia outpatient 0.06/0.07 0.07/0.07 Ray, 2000

Simple AOM 0.07/0.08 0.08/0.09 Fireman, 2003

Utilities

Utility of healthy individuals 0.90 0.90

Meningitis-caused neurologic impairment 0.60 0.60 Morrow, 2007

Meningitis-caused hearing loss 0.80 0.80

Serotype coverage (PCV10/PCV13)

Pneumococcal bacteremia 0.50–0.72/0.67–0.88 0.54–0.78/0.57–0.83 Charfi, 2012

Pneumococcal meningitis 0.50–0.72/0.67–0.88 0.54–0.78/0.57–0.83 Ramdani-Bouguessa, 2015

PCV10 10-valent pneumococcal conjugate vaccine, PCV13 13-valent pneumococcal conjugate vaccine, AOM acute otitis
media
a Separate meetings in Algeria (3 June 2013) and Tunisia (21 June 2013) gathered local experts (in total, 25 pediatricians,
microbiologists, and epidemiologists) to provide estimates in the local currency [Algeria (DZD) and Tunisia (TND)]
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estimates in Supplementary Tables 2 and 3 [31].
Vaccination coverage for a three-dose series of
PCV in an NIP was assumed to be 95% for
Algeria and 98% for Tunisia, based on DTP3
(third-dose Diphtheria Tetanus Pertussis) cov-
erage reported to the WHO for the year 2016
[32].

Incidence, Case Fatality Rates,
and Serotype Coverage

Age-specific life expectancy was assumed to be
the same as the general population for all

individuals in the model. Incidence and case
fatality rates for IPD were applied from country-
specific estimates in children\5 years of age
[33] and from global estimates from lower-
middle income countries of individu-
als C 5 years of age [25]. Incidence and case-fa-
tality rates of all-cause pneumonia were based
on country-specific estimates published by
Rudan et al. in children\5 years of age [13, 14]
and based on global estimates for individu-
als C 5 years of age [25]. Hospitalized pneumo-
nia was assumed to represent 8.6% of total cases
of all-cause pneumonia in both Algeria and

Table 2 Health outcomes and costs of an infant routine vaccination program with PCV13 and PCV10 by scope of benefit
compared with no vaccination under the base case scenario [direct effect plus indirect effect for IPD (PCV13 only)], by
countrya

Algeria Tunisia

PCV13 vs. no
vaccination

PCV10 vs. no
vaccination

PCV13 vs. no
vaccination

PCV10 vs. no
vaccination

Morbidity avoided

IPD avoided 7608 2804 1305 557

Pneumonia avoided 57,800 45,320 4833 4531

AOM avoided 283,588 222,359 54,957 51,522

Total cases avoided 348,997 270,483 61,095 56,610

Mortality avoided

Deaths 2177 1224 308 172

QALYs gained

QALYs saved, acute disease

avoided

1837 1378 323 290

QALYs saved, sequelae and

death avoided

56,604 34,367 7443 4852

Total QALYs saved 58,441 35,744 7766 5142

Base case

Direct medical cost - 25.79 Million $ - 17.66 Million $ - 2.24 Million $ - 1.80 Million $

Vaccination program cost 43.83 Million $ 43.83 Million $ 8.82 Million $ 8.82 Million $

Net cost, direct medical 18.04 Million $ 26.16 Million $ 6.58 Million $ 7.03 Million $

Cost per QALY 308/QALY 731/QALY 848/QALY 1366/QALY

PCV10 10-valent pneumococcal conjugate vaccine, PCV13 13-valent pneumococcal conjugate vaccine, QALY quality
adjusted life year, IPD invasive pneumococcal disease, AOM acute otitis media
a All monetary values are in US dollars
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Tunisia. All pneumonia rates were adjusted to
reflect age groups specific to the model. Due to
the lack of local data, rates of all-cause OM were
based on a large surveillance study conducted in
the USA [34]. The only disease sequelae con-
sidered were in association with pneumococcal
meningitis at an assumed rate of 7% for neu-
rologic impairment and 13% for hearing loss
[35].

Serotype coverage was obtained from local
serotyping studies in Algeria [16] and Tunisia
[20] by calculating the proportion of serotypes
in the population covered by PCV10 and PCV13
and applied to all disease states (IPD, pneumo-
nia, OM) and across all ages (Table 1).

Direct Effect

The direct effect of vaccine coverage corre-
sponded to the reduction in disease among
vaccinated individuals. To estimate direct
effects for PCV10 or PCV13, vaccine efficacy

estimates from PCV7 clinical trial data were
adjusted based on country-specific serotype
coverage, proportional to the additional ser-
otypes covered in either PCV10 or PCV13, since
no head-to-head efficacy trial exists, and clinical
efficacy and impact data may not be directly
comparable because of individual studies’ dif-
ferences in implementation, dosing, and
underlying pneumococal etiology. Direct effects
of PCV10 and PCV13 against IPD, pneumonia,
and AOM were assumed. Direct effects against
invasive pneumococcal disease (IPD) were taken
to be 94% for the seven serotypes in common,
based on clinical trial data for PCV7 [36]. Direct
effects of PCV7 against pneumonia, in- and
outpatient, were derived from the impact
against clinical (all-cause) pneumonia [35, 36]
and then adjusted to country- and vaccine-
specific serotype coverage. Estimates of efficacy
against all-cause AOM were also similarly
derived from PCV7 trial data [37]. Effectiveness
against pneumonia and AOM has been

Table 3 Scenario analyses (price parity)a

PCV13 PCV10

Algeria

Direct effect ? herd effect (IPD and pneumonia)

Net cost, direct medical 1.80 Million $ 9.42 Million $

Cost per QALY 29/QALY 198/QALY

Direct effect only

Net cost, direct medical 21.4 Million $ 26.2 Million $

Cost per QALY 475/QALY 731/QALY

Tunisia

Direct effect ? herd effect (IPD and pneumonia)

Net cost, direct medical 4.8 Million $ 5.0 Million $

Cost per QALY 577/QALY 650/QALY

Direct effect only

Net cost, direct medical 6.90 Million $ 7.03 Million $

Cost per QALY 1239/QALY 1366/QALY

PCV10 10-valent pneumococcal conjugate vaccine, PCV13 13-valent pneumococcal conjugate vaccine, QALY quality
adjusted life year, IPD invasive pneumococcal disease
a All monetary values are in US dollars
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confirmed in real-world settings for PCV13,
suggesting that current assumptions are con-
servative and may underestimate the true
impact [38, 39].

Indirect Effect

Indirect effects represent the reduction in dis-
ease observed among unvaccinated individuals
based on a mechanism of decreased acquistion
of vaccine serotypes among vaccinated indi-
viduals that limits their circulation within the
population. Since the introduction of PCV7
18 years ago and then of PCV13 8 years ago,
numerous studies have demonstrated robust
indirect effects of PCV7 and PCV13 [36, 38, 40].
Due to the robust data on indirect protection
based on results from the US Centers for Disease
Control and Prevention’s Active Bacterial Core
Surveillance (ABCs) [35], we made a simplifying
assumption that indirect effects of PCV7 would
be similar in both Algeria and Tunisia, assuming
a steady state of vaccine effects. To account for
the difference in serotype distribution across
countries, the indirect effects observed for PCV7
were adjusted to reflect local serotype coverage
proportional to each vaccine [2, 41, 42] (Sup-
plementary Table 4). In the base case scenario,
PCV13 was assumed to confer an indirect effect
on IPD, and PCV10 was not assumed to confer
indirect effects, consistent with the available
effectiveness data on indirect effects for both
PCV10 [7, 8] and PCV13 [43]. In scenario anal-
yses, indirect effects for pneumonia were
included.

Economic Inputs

Due to a lack of local data reflecting direct
medical costs, separate meetings in Algeria (3
June 2013) and Tunisia (21 June 2013) gathered
local experts (in total, 25 pediatricians, micro-
biologists, and epidemiologists) to provide esti-
mates in the local currency [Algeria (DZD) and
Tunisia (TND)]. Costs were inflated to reflect
2016 values based on estimates from the World
Bank [44] and for consistency were converted to
USD based on exchange rates of 109.4 DZD:USD
and 2.15 TND:USD as of April 2017.

Direct medical costs are those considered to
treat cases of disease directly and for the costs
for vaccine administration. Hospitalization
costs for pneumococcal meningitis, pneumo-
coccal sepsis/bacteremia, and pneumonia were
based on hospital stay durations of 15, 6, and
5 days, respectively. Outpatient pneumonia
costs included a physician consultation, chest
X-ray, antibiotic(s), anti-inflammatory agent(s),
and laboratory test(s) (Table 1). Otitis media
costs included a physician consultation,
antibiotic(s), and an anti-inflammatory agent
(acetaminophen). Three doses per vaccinated
child (2 ? 1 schedule) and vaccination uptake
of 95% and 98% of the birth cohort for Algeria
and Tunisia, respectively, were assumed. Vacci-
nation consisted of an administration fee per
dose of USD 0.92 in Algeria and USD 2.48 in
Tunisia and assumed vaccine prices per dose for
PCV10 and PCV13 in both Algeria and Tunisia
of USD 15.70. Additional scenario analyses were
tested assuming a price per dose of either 14.13
or 12.56 for PCV10 in both Algeria and Tunisia.

In this analysis, a utility of 1.0 represented
perfect health while 0.0 represented death. In
the current analysis, utility weights were
applied to life-years to estimate QALYs for
individuals experiencing sequelae due to pneu-
mococcal disease. Utility weights for meningitis
sequelae of 0.60 for neurologic impairment and
0.80 for hearing loss (Table 1) [45] were applied
for the remainder of the life expectancy.

Compliance with Ethics Guidelines

This article is based on previously conducted
studies and does not contain any studies with
human participants or animals performed by
any of the authors.

Model Calculations

Calculated costs and outcomes for a vaccination
strategy with PCV10 or PCV13 included the
number of disease cases and deaths avoided, of
QALYs gained, and of total costs from a payer
perspective. Costs and outcomes for each PCV,
versus no vaccination, were estimated. In
accordance with the WHO-CHOICE [24], PCVs
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were considered to be cost-effective if they
averted 1 quality adjusted life-year for\3 times
per capita gross domestic product (GDP) and to
be highly cost-effective at \ 1 time the GDP.
The base case scenario assumed direct effects for
each PCV against IPD, AOM, and pneumonia
but indirect effects against IPD for PCV13 only.

Scenario Analysis

Additional scenario analyses were undertaken
where both PCVs provide indirect protection for
IPD and pneumonia, or solely with direct pro-
tection. In addition, scenario analyses varying
mortality and utility rates by 20% and removing
discounting (0%) were conducted.

RESULTS

Tables 2 and 3 depict the health outcomes and
costs of implementing a universal PCV vacci-
nation program in Algeria and Tunisia under
the base case scenario and under the varying
sensitivity scenarios.

In Algeria, compared with no vaccination,
implementing a PCV13 vaccination program
would avoid 7608 cases of IPD, 57,800 cases of
pneumonia, and 283,588 cases of AOM and save
2177 lives from pneumococcal diseases per year
(Table 2). Each year, PCV13 is expected to offset
$25.7 M of medical costs in Algeria and $2.24 M
in Tunisia, respectively. Under the assumption
of a 2 ? 1 vaccination schedule, PCV13 would
be highly cost effective at (USD) an incremental
cost-effectiveness ratio (ICER) of $308 per QALY
(\1 9 per capita GDP) from the payer per-
spective. Running a similar analysis for PCV10
versus no vaccination, 1224 deaths and 270,483
total cases of IPD, pneumonia, and acute otitis
media would be avoided, and PCV10 would be
highly cost-effective at $731/QALY (\ 1 9 per
capita GDP) from the payer perspective. Each
year, PCV10 is expected to offset $17.6 M of
medical costs in Algeria and $1.8 M in Tunisia,
respectively In scenarios assuming a price of
14.13 and 12.56 for PCV10, the cost per QALY
was $616/QALY and $500/QALY, respectively.

In Tunisia, a PCV13 vaccination program
would reduce the impact of pneumococcal

disease by 1305 cases of IPD, 4833 cases of
pneumonia, and 54,957 cases of AOM, and
PCV13 would save 308 lives compared with the
absence of a program at a highly cost-effective
ICER of $848/QALY (\ 1 9 per capita GDP)
(Table 2). In Tunisia, a PCV10 program would
prevent 172 deaths and over 56,610 total cases
of IPD, pneumonia, and acute otitis media, and
it would be highly cost-effective at $1366/QALY
(\1 9 per capita GDP). In scenarios assuming
prices for PCV10 of 14.13 or 12.56, the cost per
QALY was $1405/QALY and $1205/QALY,
respectively.

Table 3 indicates the cost-effectiveness of
PCV10 and PCV13 under varying assumptions
for the impact of indirect effects. A PCV13
vaccination program remained highly cost-ef-
fective, even under the most restrictive
assumption that there were no indirect effects,
in Algeria at $475 per QALY (\1 9 per capita
GDP) and Tunisia at $1239/QALY (\1 9 per
capita GDP). For PCV10, the cost under the
assumption that PCV10 conferred no indirect
protection was $731/QALY in Algeria and
$1366/QALY in Tunisia compared with no vac-
cination. By assuming that there was indirect
protection for IPD and pneumonia, the cost per
QALY decreased from the base case scenario to
$198/QALY in Algeria and to $650/QALY in
Tunisia. PCV13 versus no vaccination is expec-
ted to be more cost-effective compared with
PCV10 versus no vaccination in all scenarios.
All results remained cost-effective (\1 9 GDP
per capita GDP) after varying mortality and
utility rates and under a 0% discount rate.

DISCUSSION

We used a well-established decision-analytic
model to assess the cost-effectiveness in Algeria
and Tunisia of a PCV13 pediatric immunization
program compared with no vaccination and ran
a similar analysis for PCV10. Compared with no
vaccination, both PCV10 and PCV13 are cost-
effective strategies in both Algeria and Tunisia.
PCV13 prevents 348,997 total cases of disease in
Algeria and 61,095 in Tunisia, and PCV10 pre-
vents 270,483 and 56,610 total cases, respec-
tively. A PCV13 program is expected to generate
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$25.79 M and $2.24 M in direct medical cost-
savings in Algeria and Tunisia, respectively,
offsetting a significant portion of the cost of
vaccination. PCV10 can generate $17.6 M and
$1.8 M in direct medical savings in Algeria and
Tunisia, respectively.

Pharmacoeconomic analyses provide deci-
sion-makers with a holistic assessment of cost
and benefits of vaccination programs and can
be used as a tool to inform for future NIPs. This
decision-analytic model has been applied in
many settings [27–30] and provides a robust
estimate of cost-effectiveness for the current
situations in both Algeria and in Tunisia under
varying scenarios that represent potential
uncertainties. Epidemiologic inputs used in the
model were informed by country-level estimates
from the literature.

Our findings are supported by economic
evidence of the continued cost-effectiveness of
pneumococcal vaccination with PCV13 around
the world. For instance, a cost-effectiveness
study in Tunisia reported PCV13 to be a highly
cost-effective strategy compared with no vacci-
nation [26]. In addition, a study on the cost-
effectiveness of PCVs across 35 pooled lower-
middle-income countries, inclusive of both
Tunisia and Algeria, reported both PCV10 and
PCV13 as cost-effective compared with no vac-
cine, though a PCV13 program would reduce
the most disease and associated costs [25]. In
Spain, PCV13 implemented as a 2 ? 1 schedule
was found to be a cost-effective intervention
from the payer perspective, compared with no
vaccination [46]. Similar results were reported
for Portugal when comparing PCV13 to no
vaccination [47]. Our results suggest both
PCV10 and PCV13 are cost-effective. Due to the
broader serotype coverage of PCV13, numerous
European countries have implemented a PCV13
program to prevent the most morbidity and
mortality due to S. pneumoniae [27, 28, 30, 48].
In part due to the cost-effectiveness of PCVs,
Algeria implemented a PCV13 NIP in April
2016, and our findings suggest Tunisia would
benefit from a similar program.

Several limitations must be acknowledged in
interpreting these results. First, due to a lack of
publicly available cost data, all direct costs were
derived from local experts, utilizing a

conservative view, potentially biasing our
results to underestimate the value of an NIP
[26]. Yet, because costs were equally applied to
both PCV10 and PCV13 vaccination, the bias
would likely be non-differential between the
two vaccines. Second, the model extrapolated
the indirect protection that has been observed
for PCV7 to PCV13 (as a base case). Numerous
real-world studies have demonstrated a reduc-
tion in IPD among adults after implementing a
national PCV13 infant immunization program,
supporting the relevant impact of indirect
effects [9, 49–51]. In a scenario analysis, indirect
protection was assumed for PCV10. Nonethe-
less, even in a no indirect protection scenario
analysis, each vaccine remained cost-effective in
both Algeria and Tunisia. In the absence of
country-specific epidemiologic data, global or
regional disease estimates are an accepted
method to inform gaps. However, future studies
should aim to address these limitations by
obtaining country-specific estimates for all dis-
ease states, as opposed to applying global or
regional data, which may under- or overesti-
mate the true disease incidence. In addition, the
validity of these findings may be confirmed in
future studies by assessing the impact of the
implemented PCV program in Algeria.

CONCLUSION

A national program of pneumococcal vaccina-
tion can have a tremendous public health
impact by preventing pneumococcal disease
morbidity and mortality in Algeria and Tunisia.
PCV13 has the highest coverage of local disease-
causing pneumococcal serotypes and can offer
significant prevention of disease through indi-
rect protection, resulting in a highly cost-effec-
tive prevention program. This can lead to
substantial health benefits and cost savings in
North African societies.
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