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ABSTRACT

Introduction: Although the pneumococcal
conjugate vaccine (PCV) has been introduced
into select state immunization programs (SIPs)
in India, many children remain unvaccinated.
Recently, India’s Advisory Committee on Vac-
cines & Immunization Practices recommended
PCV on the pediatric immunization schedule
nationally. This study estimates the public
health and economic impact of introducing
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either Pfizer's 13-valent PCV (PCV13-PFE),
GlaxoSmithKline’s 10-valent PCV (PCV10-
GSK), or Serum Institute of India’s 10-valent
PCV (PCV10-SII) into every pediatric SIP.
Methods: A model was developed to predict the
disease cases, deaths, and costs associated with
implementing PCV13-PFE, PCV10-GSK, or
PCV10-SII in SIPs compared to no vaccination
program across a S-year period (2021-2025).
State and national-level uptake rate and clinical
and economic input parameters were collected
from published literature. Disease outcomes
included invasive pneumococcal disease, inpa-
tient and outpatient pneumonia, and otitis
media. Costs were estimated as vaccine-related
costs and direct medical costs incurred to the
healthcare system. Results were reported by
individual state and aggregated nationally.
Results: Estimated over S years, implementing
PCV13-PFE in SIPs could avert 12.1 million
cases and save 626,512 lives among children
under 5 years old compared to no vaccination.
This corresponds to net national cost savings of
over $1.0billion. Both lower-valent PCVs are
estimated to provide less economic savings than
PCV13-PFE inclusive of vaccine-related costs.
Compared with PCV13-PFE, implementing
PCV10-GSK or PCV10-SII nationally is esti-
mated to have a smaller public health impact,
with PCV10-GSK averting 8.4 million cases
(436,577 deaths) and PCV10-SII preventing
10.3 million cases (531,545 deaths) in India
compared to no vaccination, respectively.
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Conclusion: Implementation of PCV13-PFE
throughout India is estimated to provide greater
public health and economic benefits than
PCV10-GSK or PCVI10-SII SIPs. Our analysis
highlights the substantial disease cases, deaths,
and health system cost savings that may be
realized from implementing PCV programs
throughout India.

Keywords: Budget impact; Economic analysis;
India; National immunization program;
Pneumococcal conjugate vaccine;
Pneumococcal disease; State immunization
programs

Why carry out this study?

India alone accounted for approximately
20% of all under-five deaths from
pneumococcal disease globally in 2015. In
efforts to address this, the 13-valent
pneumococcal conjugate vaccine (PCV13-
PFE) was introduced into select state
immunization programs (SIPs) in 2017
and other lower-valent PCVs, PCV10-GSK
and PCV10-SII, have been licensed for use.

However, PCVs are not included in most
SIPs and therefore decision-makers may be
undervaluing the true public health and
economic impact of pneumococcal
disease prevention. We sought to estimate
the public health and economic impact of
introducing each of the three available
PCVs among children under 5 years old in
all of India’s SIPs.

What was learned from the study?

Implementing PCV SIPs throughout India
would not only prevent a substantial
amount of pneumococcal disease cases
and consequent deaths but also lead to
cost savings for the health system.

Country-wide PCV13-PFE vaccination is
estimated to provide a greater public
health and economic impact than PCV10-
GSK or PCV10-SII; thus, India should
consider expanding access to PCV13-PFE
in remaining SIPs.

INTRODUCTION

Streptococcus pneumoniae (S. pneumoniae) infec-
tion can lead to non-invasive disease such as
otitis media (OM) and non-bacteremic pneu-
monia, or invasive pneumococcal disease (IPD)
including meningitis, bacteremia, and bac-
teremic pneumonia [1]. Diseases caused by
S. pneumoniae are a leading cause of childhood
morbidity and mortality worldwide, with the
highest disease burden in Africa and Asia [1-3].
In 20135, India alone accounted for approxi-
mately 20% of all under-five deaths from
pneumococcal disease globally [3, 4]. Pneumo-
nia is estimated to be a leading cause of child
mortality in India, responsible for 30.6% of
postnatal deaths in children under 5 years old
[S]. More specifically, an estimated 68,700
children under 5 years old were predicted to
have died from S. pneumoniae infection nation-
ally in 2015 [6].

In 2000, the first pneumococcal conjugate
vaccine (PCV), a 7-valent pneumococcal con-
jugate vaccine (PCV7), was licensed and
approved for use in children. This vaccine pro-
tected against seven of the most common
pneumococcal disease-causing serotypes (4, 6B,
9V, 14, 18C, 19F, 23F). In 2009, two higher
valent PCVs were licensed for use around the
world, a 10-valent vaccine (PCV10-GSK; Syn-
florix™, GlaxoSmithKline) containing the
PCV7 serotypes plus serotypes 1, 5, and 7F, and
a 13-valent vaccine (PCV13-PFE; Prevenar13™,
Pfizer), containing PCV10-GSK serotypes plus
serotypes 3, 6A, and 19A. Over the last 10 years,
PCV10-GSK and PCV13-PFE have demonstrated
a substantial public health impact in reducing
pneumococcal disease globally [7-9]. As a result
of routine PCV infant immunization in many
countries, pneumococcal deaths among
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children younger than 5 years old decreased
between 2000 and 2015 by 51% worldwide [3].

Recently, another 10-valent vaccine (PCV10-
SII; Pneumosil™, Serum Institute of India)
received World Health Organization pre-quali-
fication (WHO-PQ) and was licensed in India in
2020 following safety and immunogenicity
clinical trials and a single noninferiority study
compared to PCV10-GSK [10, 11]. In contrast to
PCV13-PFE, PCV10-SII does not contain ser-
otypes 3, 4, and 18C in its formulation. Unlike
established PCVs, PCV10-SII has yet to demon-
strate real-world effectiveness against pneumo-
coccal disease or nasopharyngeal carriage of
S. pneumoniae. Additionally, PCV10-SII is cur-
rently only indicated for use in children under
2 years old with a 3 + 1 or 3 4 0 schedule [10],
differing from PCV10-GSK and PCV13-PFE
which are additionally indicated for use in a
2 4+ 1 infant schedule and in children up to
5 years old and for all ages, respectively.

In 2016, the Government of India, Ministry
of Health and Family Welfare, and Gavi, the
Vaccine Alliance (Gavi), developed a plan to
include PCVs into state immunization programs
(SIPs) for all of India’s states and union territo-
ries [4]. With support from Gavi, the vaccine
would be offered in phases beginning in 2017.
States with the highest burden of pneumonia
(Bihar, Himachal Pradesh, Madhya Pradesh,
Rajasthan, and Uttar Pradesh) were first to
introduce a PCV SIP, and Haryana soon fol-
lowed with a state-funded program [12, 13]. In
2020, Goa secured support from the United
Nations Children’s Fund (UNICEF) to imple-
ment their own state-level PCV program [14].
Despite these ambitious efforts, further scale-up
to other SIPs has halted. As of 2021, most of
India’s 36 states and union territories do not
have a SIP and a large cohort of children under
5 years old remain at risk of pneumococcal dis-
ease. The Indian Academy of Pediatrics (IAP)
Advisory Committee on Vaccines and Immu-
nization Practices (ACVIP) has released new
recommendations for vaccine introductions
that include PCV, in an effort to continue pro-
gress for greater access and uptake nationally
[15, 16].

According to a study by Farooqui et al.
(2015), pneumococcal disease incidence rates

vary substantially across states in India [17].
States with weaker healthcare infrastructure and
socioeconomic status, such as Uttar Pradesh,
Bihar, Madhya Pradesh, and Rajasthan, have
higher incidence of severe pneumonia in chil-
dren under S years old. In contrast, states where
access to healthcare is stronger, including Ker-
ala, Tamil Nadu, Sikkim, and Manipur, have
lower incidence of pneumonia. A universal
immunization program (UIP) in India would
help improve social equity for children living in
impoverished communities by providing access
among the poorest of the population.

Given the dynamic PCV landscape and the
varying disease burden in India, it is critical to
estimate the public health and economic
impact of PCV13-PFE, PCV10-GSK, or PCV10-SII
implementation by state and union territory.
However, previous studies have estimated the
effect of introducing PCV13-PFE in India
nationally or in select states. Ghia et al. (2018)
estimated that a PCV13-PFE national immu-
nization program (NIP) with an uptake rate of
only 25% would avert approximately 1.9 mil-
lion pneumococcal disease cases and 77,000
deaths in children under 5 years old annually
[18]. Constenla and Liu (2019) modeled the
impact of implementing PCV13-PFE both
nationally and in four states, Bihar, Maharash-
tra, Tamil Nadu, and New Delhi [19]. Assuming
a national vaccine uptake of 72%, the authors
found that PCV13-PFE implementation could
prevent 716,891 cases and 25,796 deaths in
children under Syears old and save
$309.8 million in direct and indirect costs over
1 year in India. Most recently, Krishnamoorthy
et al. (2019) published a cost-effectiveness
analysis that found that over 10 years, a PCV13-
PFE NIP is highly cost-effective from the gov-
ernment perspective at a cost of US $467 per
disability-adjusted life year averted [20]. Thus,
the objective of this study is to calculate the
public health and economic impact of intro-
ducing the three PCVs currently licensed in
India into every state and union territory’s
immunization program in the country.
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METHODS

Model Structure

We expanded upon a previously developed
decision analytic model created in Microsoft
Excel to estimate the public health and eco-
nomic impact of including either PCV13-PFE,
PCV10-GSK, or PCV10-SII in immunization
programs at state and national levels [21, 22].
The 35 states and union territories (cumula-
tively simplified to the term “states” for the
remainder of this analysis) included in the study
were those that were established at the time of
the analysis." The model estimated pneumo-
coccal disease cases and deaths averted, and
costs associated with implementing each PCV
in every SIP compared to no vaccination for a
birth cohort in India. All three vaccine pro-
grams assumed infants under 1year old
received the full schedule and we did not
account for differences in dose timing because
the model was based on full year cohorts. The
cohort had a probability of transitioning to one
of the following mutually exclusive health
outcomes: no disease, IPD (including bac-
teremia and meningitis), community-acquired
pneumonia (either inpatient or outpatient), or
OM. If IPD or inpatient pneumonia was expe-
rienced, the health state carried the risk of
death. Unlike previous iterations of this model,
this version includes a time horizon of 5 years
(2021-2025) and accounts for a scaled imple-
mentation of the UIP and SIPs over the 5-year
period. Following calculations of disease cases
and deaths, direct costs incurred from the
healthcare system perspective were reported.
Finally, this decision analytic model is informed
by previously conducted studies and does not
contain any new studies with human partici-
pants or animals performed by any of the
authors.

Epidemiological Inputs

State-specific population estimates for children
under Syears old were derived from the

! Data are not available for Ladakh.

Government of India’s 2011 census along with
an annual state population growth rate to
forecast future birth cohort sizes (Supplemen-
tary Table S1) [23]. Immunization uptake rates
were based on estimates of third dose of diph-
theria, pertussis, tetanus (DPT3) vaccine cover-
age by state from UNICEF's National Factsheet
Coverage Evaluation Survey [24]. It was
assumed that each state would take 3 years for
coverage levels of PCV13-PFE to equal that of
DPT3 based on a linear growth rate, after which
vaccination coverage would remain constant
until the end of the study period (Supplemen-
tary Table S1). The six states that introduced
PCVs into their SIPs in 2017/18 were assumed to
have PCV uptake equal to DPT3 coverage levels
already in the first year.?

The national IPD incidence rate and state-
specific inpatient pneumonia incidence rates
among children younger than S years were
sourced from Farooqui et al. (2015) [17]. Inpa-
tient pneumonia categorized as severe in the
study was based on the prevalence of risk factors
associated with fatality. The average national
incidence was assumed for union territories that
did not have specific incidence data on inpa-
tient pneumonia (Supplementary Table S1).?
State-specific outpatient pneumonia incidence
rates were estimated by assuming a 30:70 ratio
between severe and non-severe pneumonia
based on nationally reported incidence in
Rudan et al. (2013) [25]. Another study by Wahl
et al. (2020) reported significantly higher state-
specific pneumonia incidence rates [26]. Both
studies derived state-specific incidence using
mathematical models and therefore data were
not observational regional surveillance esti-
mates. Given the similarities between the two
studies, we took a conservative approach and
included lower estimates for pneumonia repor-
ted by Farooqui et al. (2015) for base case cal-
culations. Uncertainty associated with this
input parameter was tested in a scenario

2 States with existing immunization programs include 1.
Himachal Pradesh, 2. Haryana, 3. Rajasthan, 4. Uttar
Pradesh, 5. Bihar, 6. Madhya Pradesh.

3 Union territories that were assumed to have average
national incidence include 1. Andaman & Nicobar
Islands, 2. Dadra & Nagar Haveli, 3. Daman & Diu, 4.
Lakshadweep, 5. Puducherry.
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analyses using estimates from Wahl et al.
(2020). OM incidence rate was from a prospec-
tive community-based hospital study in Vellore
of 210 unvaccinated infants born in 2009, and
estimated to be 29,000 per 100,000 children
under S years old [27].

The IPD case fatality rate was based on a
study by Thomas et al. (1999) that examined
the properties of invasive pneumonia infections
and deaths over the course of 4years in a
prospective hospital-based study in India. They
reported case fatality rates of 21% and 34% for
bacteremia and meningitis, respectively [28].
We assumed that 80% of IPD occurs as a result
of bacteremia and 20% occurs as a result of
meningitis and weighted our overall IPD case
fatality rate accordingly [18]. The inpatient
pneumonia case fatality rate was calculated
with the mortality and severe pneumonia inci-
dence reported in Rudan et al. (2013), resulting
in an estimate of 17.2% [25]. It was assumed
that there was no risk of death associated with
outpatient pneumonia or OM (Table 1).

PCV10-GSK, PCV10-SII, and PCV13-PFE ser-
otype coverage was derived from a hospital-
based surveillance study in south India [29]. In
their study, Nisarga et al. (2015) reported ser-
otype coverage for PCV10-GSK, PCV10-SII, and

PCV13-PFE to be 63.9%, 77.8%, and 91.7%,
respectively. It was assumed that the serotype
distribution for non-invasive pneumococcal
disease was the same as IPD.

Vaccine Effectiveness

Because clinical trial data exist for efficacy of
PCV7 against IPD, we adjusted PCV?7 efficacy for
the additional serotypes covered in PCV10-GSK,
PCV10-S1I, and PCV13-PFE. The reported effi-
cacy of PCV7 (94% against vaccine covered
serotypes [30]) was applied to the proportion of
serotypes covered by each of the PCVs to esti-
mate their vaccine effectiveness against IPD. For
each PCV’s direct effectiveness against inpatient
pneumonia, outpatient pneumonia, and OM,
we calculated the ratio of local PCV7 serotype
coverage to local PCV10-GSK, PCV10-SII, and
PCV13-PFE serotype coverage to estimate the
direct effect of these higher valent vaccines in
preventing disease manifestations. Direct effec-
tiveness of PCV7 against inpatient and outpa-
tient pneumonia was estimated to be 25.5% and
6.0%, respectively [31-33]. Thus, direct effec-
tiveness of PCV13-PFE against inpatient pneu-
monia was 52.5% and 12.4% for outpatient
pneumonia. Direct effectiveness of PCV7 was

Table 1 Parameters of health system costs, case fatality rates, and vaccine effectiveness by disease manifestation

Direct health system Case PCV13-PFE PCV10-GSK PCV10-SII
costs ($, USD) fatality vaccine effectiveness vaccine effectiveness vaccine effectiveness
rate
IPD $825.26 [19] 23.6% 86.2% 60.1% 73.1%
(28]
Inpatient $364.65 [37] 17.2% 52.5% 36.6% 44.6%
pneumonia [25]
Outpatient  $171.77 [37] NA 12.4% 8.6% 10.5%
pneumonia
OM $10.04 [19] NA 14.4% 10.1% 12.2%

GSK GlaxoSmithKline, IPD invasive pneumococcal disease, NA not applicable, OM otitis media, PFE Pfizer, SII Serum

Institute of India, USD US dollars
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estimated to be 7.0% against clinical episodes of
OM [33, 34], and therefore, we estimated that
the direct effectiveness of PCV13-PFE against
OM was 14.4%. The same method was used to
calculate pneumonia and OM disease vaccine
effectiveness for PCV10-GSK and PCV10-SII
(Table 1).

Vaccination Costs

It was assumed that each child would receive
three PCV doses at the Gavi, Advance Market
Commitment (AMC) set single dose price of
$3.05 for PCV10-GSK, $2.00 for PCV10-SII, and
$2.90 for PCV13-PFE [35]. Vaccine administra-
tive costs were assumed to be $1.25, which
includes the cost of cold-chain, vaccine
administration, and storage [36]. This amoun-
ted to a total vaccination cost per child of
$12.90, $9.75, and $12.45 for PCV10-GSK,
PCV10-SII, and PCV13-PFE, respectively.

Direct Health System Costs

Direct costs incurred by the healthcare system
were estimated for each of the PCVs compared
to no PCV SIP implementation, with costs
reported in 2018 US dollars (Table 1). Inpatient
and outpatient pneumonia treatment costs are
sourced from Marfatia et al. (2015), a study
conducted in Mumbai, India of direct medical
costs incurred in both the public and private
sector [37]. A weighted average was applied to
these costs, acknowledging that the private
sector in India accounts for approximately 60%
of inpatient treatment [38, 39]. As a result,
inpatient and outpatient pneumonia treatment
costs were estimated to be $364.65 and $171.77,
respectively. The cost of treating a case of OM
was estimated using the reported generic out-
patient cost in Constenla et al. (2019), averag-
ing to $10.04 across the public and private
sector [19]. As a result of a lack of treatment cost
data differentiating bacteremia from meningi-
tis, we assumed private and public sector treat-
ment costs of $825.26 represent the cost borne
by the healthcare system across all IPD mani-
festations [19].

Scenario Analysis

To account for the uncertainty in the clinical
and cost inputs, scenario analyses were con-
ducted in which base case estimates were
adjusted for the national level analysis. A recent
state-specific modeling analysis by Wahl et al.
(2020) predicted pneumonia incidence rates
that are twice as high for severe pneumonia and
four times as high for non-severe pneumonia
compared with our base case incidence rates
[17, 26]. Therefore, we conducted a scenario
analysis using the higher inpatient and outpa-
tient pneumonia estimates and calculated the
resulting impact. Additional scenario analyses
were conducted to test parameter uncertainty
and effects on results. All pneumococcal disease
incidence estimates, associated health system
costs, and case fatality rates were varied by
+ 20%.

RESULTS

Base Case Results: Universal
Immunization Program (UIP)

Table 2 describes the estimated clinical and
economic impact of implementing a PCV pro-
gram in all of India assuming a national DPT3
uptake level of 71.5% by 2023. Compared to no
vaccination, implementing PCV13-PFE nation-
ally is estimated to prevent 12,055,216 cases of
IPD, pneumonia, and OM and save 626,512
deaths between 2021 and 2025 in children
under 5 years old. The $1.87 billion in medical
cost savings from averted disease cases and
deaths would offset the $827.73 million in
PCV13-PFE vaccine costs, providing overall cost
savings to India’s healthcare system of
$1.04 billion across 5 years. A similar analysis of
PCV10-GSK versus no vaccination estimated
8,400,527 disease cases and 436,577 deaths
among children below the age of 5 to be pre-
vented nationally over S years. Incurred vaccine
costs ($857.65 million) would be offset from
direct medical cost savings from PCV10-GSK
vaccination ($1.30 billion), resulting in overall
savings of $445.48 million. Meanwhile,
national implementation of PCV10-SII is
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Table 2 Pneumococcal conjugate vaccine program results between 2021 and 2025 in India nationally

Outcome PCV13-PFE vs. no PCV10-GSK vs. no PCV10-SII vs. no
vaccination vaccination vaccination
Number of cases averted
IPD — 647,499 — 451,201 — 549,350
Inpatient pneumonia — 2,754,083 — 1,919,148 — 2,336,616
Outpatient pneumonia — 1,512,051 — 1,053,654 — 1,282,853
OM — 7,141,583 — 4,976,523 — 6,059,053
Total cases — 12,055,216 — 8,400,527 — 10,277,872
Number of deaths averted
IPD — 152,810 — 106,484 — 129,647
Inpatient pneumonia — 473,702 — 330,094 — 401,898
Total deaths — 626,512 — 436,577 — 531,545
Costs ($, USD)
Vaccine-related $827,732,901 $857,650,958 $648,224,561
IPD direct medical — $534,354,906 — $372,358,544 — $453,356,725
Inpatient pneumonia direct — $1,004,276,357 — $699,817,440 — $852,046,899
medical
Outpatient pneumonia direct ~ — $259,725,032 — $180,986,145 — $220,355,589
medical
OM direct medical — $71,701,496 — $49,964,292 — $60,832,894
Total costs — $1,042,324,890 — $445,475,464 — $938,367,545

GSK GlaxoSmithKline, OM otitis media, IPD invasive pneumococcal disease, PCV” pneumococcal conjugate vaccine, PFE

Pfizer, SII Serum Institute of India, USD US dollars

estimated to prevent 10,277,872 total IPD,
pneumonia, and OM cases and 531,545 conse-
quent deaths compared to no PCV vaccination
over a 5-year period. PCV10-SII's vaccine pro-
curement cost of $648.22 million and direct
medical cost savings of $1.59 billion result in
net cost savings of $938.37 million.

Base Case Results: State Immunization
Programs (SIPs)

Tables 3 and 4 show the estimated pneumo-
coccal disease cases and deaths averted and the
costs saved with the three different PCVs com-
pared to no vaccination across the S5-year

period. The clinical and budget impact in each
state and union territory varies widely depend-
ing on population size, burden of disease, and
vaccine uptake. Across all states and union ter-
ritories, introducing PCV13-PFE would prevent
the greatest number of pneumococcal disease
cases and save most lives of the three PCV pro-
grams, followed by PCV10-SII and PCV10-GSK,
respectively (Table 3). Because of the incre-
mental clinical impact of this higher valent
vaccine, PCV13-PFE provides the greatest med-
ical cost savings in all states and union territo-
ries (Table 4). As a result of this cost offset,
PCV13-PFE SIP implementation would provide
larger net health system savings than PCV10-
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Table 3 Estimated pneumococcal disease cases and deaths averted with PCV13-PFE, PCV10-GSK, or PCV10-SII com-
pared to no vaccination in children under five between 2021 and 2025, by state and union territory

PCV13-PFE vs. no
vaccination

PCV10-GSK vs. no

vaccination

PCV10-SII vs. no
vaccination

Cases Deaths Cases Deaths Cases Deaths

averted averted averted averted averted averted
All India — 12,055,216 — 626,512 — 8,400,527 — 436,577 — 10,277,872 — 531,545
Andaman & Nicobar — 3499 — 182 — 2439 — 127 — 2969 — 154

Islands

Andhra Pradesh® — 766,364 — 35,544 — 534,031 — 24,769 — 650,198 — 30,156
Arunachal Pradesh — 7831 — 301 — 5457 — 210 — 6644 — 255
Assam — 312,211 — 15,473 — 217,561 — 10,782 — 264,386 — 13,128
Bihar — 1,926,546 — 116,707 — 1,342,490 — 81,326 — 1,634,518 — 99,017
Chandigarh — 9308 — 445 — 6486 — 310 — 7897 — 377
Chbhattisgarh — 245,809 — 12,344 — 171,289 — 8602 — 208,549 — 10,473
Dadra & Nahar Haveli — — 4496 — 234 — 3133 — 163 — 3814 — 198
Daman & Diu — 2332 — 121 — 1625 — 84 — 1,978 — 103
Delhi — 120,651 — 3745 — 84,074 — 2609 — 102,363 - 3177
Goa — 10,881 — 388 — 7582 — 270 — 9232 — 329
Gujarat — 526,905 — 25,760 — 367,167 — 17,951 — 447,036 — 21,855
Haryana — 370,470 — 18,550 — 258,157  — 12,927 — 314,314 — 15,739
Himachal Pradesh — 94,209 — 3994 — 65,648 — 2783 — 79,928 — 3389
Jammu & Kashmir — 138,387 — 5686 — 96,433 — 3962 — 117,410 — 4824
Jharkhand — 462,013 — 29,040 — 321,948 — 20,236 — 391,981 — 24,638
Karnataka — 577,213 — 24,944 — 402,224  — 17,382 — 489,718 — 21,163
Kerala — 252,205 — 8873 — 175,746  — 6183 — 213,976 — 7528
Lakshadweep — 617 - 32 — 430 - 22 — 523 - 27
Madhya Pradesh — 945,637 — 56,715 — 658,955 — 39,521 — 802,296 — 48,118
Maharashtra — 996,823 — 39,989 — 694,624  — 27,866 — 845,723 — 33,927
Manipur — 22,913 — 1125 — 15,966 — 784 — 19,439 — 955
Meghalaya — 40,025 — 1920 — 27,891 — 1338 — 33,958 — 1629
Mizoram — 10,349 — 311 — 7211 — 217 — 8780 — 264
Nagaland — 13,923 — 746 — 9702 — 520 — 11,813 — 633
Odisha — 409,381 — 22,766 — 285272  — 15,865 — 347,326 — 19,315
Puducherry — 11,451 - 595 - 7979 — 415 - 9715 — 505
Punjab — 260,621 — 11,807 — 181,611 — 8227 — 221,116 — 10,017
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Table 3 continued

PCV13-PFE vs. no PCV10-GSK vs. no PCV10-SII vs. no

vaccination vaccination vaccination

Cases Deaths Cases Deaths Cases Deaths

averted averted averted averted averted averted
Rajasthan — 1,030,759  — 58,354 — 718,271 — 40,663 — 874,515 — 49,509
Sikkim — 3392 — 112 — 2364 — 78 — 2878 - 95
Tamil Nadu — 496,100 — 18,693 — 345,701 — 13,026 — 420,900 — 15,859
Tripura — 33,208 — 1682 — 23,141 — 1172 — 28,174 — 1427
Uttar Pradesh — 2,875,043 — 168,063 — 2,003,437 — 117,112 — 2,439,240 — 142,587
Uttarakhand — 104,715 — 5251 — 72,969 — 3659 — 88,842 — 4455
West Bengal — 767,296 — 38,309 — 534,680 — 26,695 — 650,988 — 32,502

GSK GlaxoSmithKline, PCV pneumococcal conjugate vaccine, PFE Pfizer, SII Serum Institute of India

* Andhra Pradesh includes Telangana

GSK and PCV10-SII for many states and union
territories in India.

Scenario Analysis Results

PCV13-PFE provides the greatest national
reductions in disease cases and deaths com-
pared to PCV10-GSK or PCV10-SII in each sce-
nario analysis in which parameters of
uncertainty were adjusted (Table 5). Varying all
pneumococcal disease incidences, direct disease
costs, and case fatality rates by £+ 20% consis-
tently determined PCV13-PFE as the most cost-
saving PCV when compared to no vaccination
program. When less conservative inpatient and
outpatient pneumonia incidence rates reported
in Wabhl et al. (2020) were tested in the analysis,
twice as many disease cases and deaths are
estimated to be prevented and triple the cost
savings are predicted to be attained by India’s
health system as compared to base case
estimates.

DISCUSSION

This study estimated the potential public health
and economic impact of including PCVs in

every state and union territory’s immunization
program in India. The three currently available
PCVs in India, PCV13-PFE, PCV10-GSK, and
PCV10-Sl11I, were each compared to no vaccina-
tion program, given that most states have yet to
introduce a PCV SIP. We modeled the number
of cases and deaths averted and the potential
budget impact of implementing routine infant
PCV immunization at both a national and state
level over a 5-year period (2021-2025).

This is the first study to estimate the public
health and budget impact of all three PCVs,
including the newest PCV licensed in India,
PCV10-SII. These results can be used to inform
future decisions on which vaccine should be
implemented in both the pediatric UIP and SIPs
in India. Furthermore, this study adds to the
existing body of evidence by estimating the
state-specific clinical and economic impact of
PCV introduction based on available, state-
specific pneumonia incidence and vaccine
uptake data. Previous studies have considered
the vaccine implementation at the national
level, or selected a few states to estimate impact
[19, 20, 40]. Because each PCV program will be
implemented and monitored at the state level,
our subnational analysis may highlight
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Table 4 Estimated costs incurred with PCV13-PFE, PCV10-GSK, or PCV10-SII compared to no vaccination in children
under five between 2021 and 2025, by state and union territory ($, USD)

PCV13-PFE vs. no vaccination

PCV10-GSK vs. no vaccination PCV10-SII vs. no vaccination

Net vaccine
costs

Direct medical
cost savings

Net vaccine
costs

Direct medical
cost savings

Net vaccine
costs

Direct medical
cost savings

All India

Andaman &
Nicobar
Islands

Andhra
Pradesh®

Arunachal
Pradesh

Assam

Bihar
Chandigarh
Chhattisgarh

Dadra &
Nahar
Haveli

Daman &
Diu
Delhi
Goa
Gujarat
Haryana

Himachal
Pradesh

Jammu &
Kashmir

Jharkhand
Karnataka
Kerala
Lakshadweep

Madhya
Pradesh

Maharashtra

Manipur

$827,732,901
$239,704

$57,471,429

$661,317

$22,323,291
$97,773,887
$682,960
$17,391,127
$308,927

$159,664

$11,204,080
$952,404
$38,052,373
$22,641,374
$6,472,000

$11,275,229

$25,926,707
$45,444,220
$22,225,369
$42,294

$48,438,270

$82,099,888
$1,648,237

— $1,870,057,791

— $542,851

— $108,643,900

— $960,975

— $46,633,840
— $338,488,769
— $1,350,641
— $37,101,355
— $697.424

— $361,711

— $12,679,966
— $1,262,944
— $77.856,862
— $55,788,995
— $12,458,520

— $17,866,979

— $83,688,962
— $77,460,829
— $29,004,149
— $95,652

— $164,782,210

— $126,391,985
— $3,397,955

$857,650,958
$248,368

$59,548,709

$685,220

$23,130,157
$101,307,883
$707,645
$18,019,722
$320,093

$165,435

$11,609,047
$986,829
$39,427,760
$23,459,737
$6,705,928

$11,682,767

$26,863,817
$47,086,782
$23,028,695
$43,822

$50,189,051

$85,067,353
$1,707,812

— $1,303,126,422

— $378,279

— $75,707,145

— $669,643

— $32,496,209
— $235,871,672
— $941,177

— $25,853,616
— $485,991

— $252,054

— $8,835,876

— $880,067

— $54,253,582
— $38,875,865
— $8,681,564

— $12,450,381

— $58,317,608
— $53,977.,611
— $20,211,179
— $66,654

— $114,826,426

— $88,074,677
— $2,367,823

$648,224,561

$187,720

$45,007,745

$517,899

$17,482,095
$76,569,912
$534,848
$13,619,557
$241,931

$125,038

$8,774,280
$745,859
$29,800,051
$17,731,197
$5,068,434

$8,829,999

$20,304,048
$35,588,847
$17,405,409
$33,121

$37,933,585

$64,295,093
$1,290,788

— $1,586,592,107
— $460,565

— $92,175,522

— $815,309

— $39,565,024
— $287,180,220
— $1,145,909
— $31,477,485
— $591,707

— $306,883

— $10,757,921
— $1,071,505

— $66,055,222
— $47,332,430
— $10,570,042

— $15,158,680

— $71,003,285

— $65,719,220

— $24,607,664

— $81,153

— $139,804,318

— $107,233,331
— $2,882,889
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Table 4 continued

PCV13-PFE vs. no vaccination

PCV10-GSK vs. no vaccination

PCV10-SII vs. no vaccination

Net vaccine  Direct medical

Net vaccine  Direct medical

Net vaccine  Direct medical

costs cost savings costs cost savings costs cost savings
Meghalaya $2,948,856 — $5,826,378 $3,055,441 — $4,060,038 $2,309,345 — $4,943,208
Mizoram $976,799 — $1,062,591 $1,012,105 — $740,453 $764,963 — $901,522
Nagaland $930,317 — $2,212,736 $963,943 — $1,541,918 $728,561 — $1,877,327
Odisha $26,361,807 — $67,067,855 $27314,644 — $46,735,397 $20,644,789  — $56,901,626
Puducherry ~ $784,940 — $1,776,252 $813,311 — $1,237,759 $614,712 — $1,507,005
Punjab $19,888,336  — $36,275,477 $20,607,191  — $25,278,113 $15,575,203  — $30,776,795
Rajasthan $56,294,798 — $171,331,979  $58,329,550 — $119,390,550  $44,086,288 — $145,361,265
Sikkim $306,752 — $372,326 $317,840 — $259,451 $240,228 — $315,888
Tamil Nadu  $42,218,382 — $60,013,841 $43,744,348  — $41,819,896 $33,062,588 — $50,916,868
Tripura $2,328,966 — $5,046,395 $2,413,146 — $3,516,517 $1,823,889 — $4,281,456
Uttar $151,627,219 — $490,550,521  $157,107,721 — $341,834,005  $118,744,208 — $416,192,263

Pradesh

Uttarakhand ~ $7,413,026 — $15,787,129 $7,680,967 — $11,001,064 $5,805,382 — $13,394,097
West Bengal — $54,409,025 — $115,280,227  $56,375,616  — $80,331,587 $42,609,477  — $97,805,907

GSK GlaxoSmithKline, PCV pneumococcal conjugate vaccine, PFE Pfizer, SIT Serum Institute of India, USD US dollars

* Andhra Pradesh includes Telangana

opportunities for disease prevention and eco-
nomic savings to help inform future SIP
introduction.

This study demonstrated that the greatest
reduction in under-five morbidity and mortality
is consistently predicted to occur with a PCV13-
PFE immunization program as compared to
PCV10-GSK or PCV10-SII in every state and
union territory. Over 5 years, as many as
12.1 million pneumococcal disease episodes
could be averted and 627,000 child lives could
be saved if PCV13-PFE were nationally imple-
mented. Of note, our estimated public health
impact of PCV vaccination in India may be
conservative, as a newly published paper mod-
eling pneumonia incidence by state reported
severe pneumonia to be twice as high and non-
severe pneumonia to be four times as high as
the incidence reported by Farooqui et al. (2015)
[17, 26]. Moreover, our results show economic
benefits from averted pneumococcal disease

episodes, with the three PCVs providing
between $1.30billion and $1.87 billion in
direct medical cost savings over a 5-year period.
In all states and union territories, PCV13-PFE is
estimated to provide the most medical cost
savings, therefore generating the greatest net
savings for most state health systems when
vaccine acquisition costs are accounted for.
India’s Multi-Year Plan for immunization
emphasized the need for “accelerated introduc-
tion of new and underutilized vaccines against
diseases with significant morbidity and mortal-
ity in India” [41]. Despite this ambitious goal
and PCVs being licensed in India since 2006,
PCVs are currently not included in the majority
of India’s SIPs. States with high disease burden,
including Bihar, Uttar Pradesh, Madhya Pra-
desh, Rajasthan, Haryana, and Himachal Pra-
desh, began rolling out PCV13-PFE as a part of
the UIP in 2017/18 [12, 13]. Our analysis sug-
gests that other states would also avert a
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substantial amount of disease cases, deaths, and
associated medical costs with the implementa-
tion of a PCV SIP, resulting in overall cost sav-
ings to their health system. Notably,
introducing a PCV13-PFE vaccination program
in Maharashtra, West Bengal, Andhra Pradesh,
Karnataka, Gujarat, Tamil Nadu, Jharkhand,
and Odisha could alone avert over five million
cases of disease in children under 5 years old
over a S-year period.

Our results support previous work in which
authors found that the inclusion of PCV13-PFE
in India’s NIP is cost-effective [20, 40]. In a
study by Megiddo et al. (2018), the authors
examined the impact of implementing PCV13-
PFE into India’s NIP at DPT3 coverage levels and
concluded that there would be a substantial
reduction in disease burden, financially pro-
tecting the poorest sector of the population
from catastrophic medical costs [40]. Another
economic evaluation determined that even in
an unfavorable scenario for PCV implementa-
tion in terms of disease incidence and health
system costs, introducing PCV13-PFE is still
cost-effective in India [20]. However, Krish-
namoorthy et al. (2019) highlights that the
Indian government currently spends only 2% of
the healthcare budget on immunization pro-
grams, and therefore vaccination spending will
need to increase to maintain any ongoing or
future PCV programs [20]. This finding is con-
sistent with other countries where vaccine
spending often lags behind overall health
spending, limiting access to critical preventative
health measures [42].

It is important to keep in mind when inter-
preting these results that PCV10-SII has limited
data to inform health economic analyses. At
present there are no clinical studies or real-
world data evaluating the direct effects of
PCV10-SII on pneumococcal disease or
nasopharyngeal carriage. In this study, direct
effects for PCV10-SII were assumed using com-
monly employed methods in PCV cost-effec-
tiveness analyses by adjusting PCV7 efficacy
values for additional serotypes covered in
PCV10-SII. Derivation of the direct effects for
PCV10-SII in this analysis should be interpreted
with caution because as of licensure there is
only one published phase3 noninferiority

study for PCV10-SII using PCV10-GSK as the
comparator [43]. Data are therefore missing
regarding a direct matched immune response
for 6A and 19A, and extrapolation for direct
effectiveness from this single study may not be
warranted. Furthermore, as of 2021 there are no
clinical trials ascertaining PCV10-SII's effec-
tiveness against non-invasive pneumococcal
disease and the label in India does not contain
an indication for OM [16]. Considering these
clinical parameter uncertainties, results for the
PCV10-SII arm in this study should be inter-
preted with caution until trial-based evidence or
real-world outcomes data become available for
carriage and pneumococcal disease
manifestations.

Limitations

This study has several limitations that should be
considered when interpreting the results. First,
we did not consider the impact of serotype
replacement in this analysis. This may have
impacted the results, given that multiple
countries implementing PCV pediatric pro-
grams with high vaccine uptake observe a large
reduction in vaccine-type disease and a corre-
sponding increase in non-vaccine serotypes
[44, 45]. Some level of serotype replacement
resulting in a small increase in disease incidence
may have led to overestimations of impact in
states with high PCV uptake, but overall this
should have marginal impact on our study
results. In certain settings, introducing lower
valent PCVs in NIPs has resulted in rising dis-
ease cases attributable to unprotected serotypes.
For example, after Belgium transitioned from
PCV13-PFE to PCV10-GSK in the pediatric
immunization program, 37 serotype 19A IPD
cases in children under 2years of age were
recorded by 2018, an increase of 1750% from
the 2 cases in 2015 [46]. With the implemen-
tation of PCV10-GSK or PCV10-SII in India, an
increase in pneumococcal disease cases
attributable to serotypes 3, 6A, and 19A or 3, 4,
and 18C, respectively, may similarly occur.
Therefore, future assessments should consider
the impact of serotype replacement or re-
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emergence, especially if considering the use of
lower valent PCVs.

Gavi has only guaranteed funding for PCVs
in India until 2021, after which the Indian
government may need to take on the cost of the
vaccine for the public health system [13]. Given
that our analysis assumed consistent uptake
from 2021 to 2025 and does not consider gov-
ernment negotiated vaccine procurement, PCV
programs may not be implemented as quickly as
estimated if India does not continue financial
support after Gavi funding ceases. Furthermore,
this study does not consider the use of PCVs in
the private market in India. A study conducted
in 2012 found that private market PCV uptake
in India was approximately 0.33% [47]. Because
PCV vaccination in the private market is low,
we did not include this factor in our analysis as
the impact would likely be negligible.

A source of underestimation in our public
health impact calculations is the broader soci-
etal value provided by PCV vaccination.
Because of the short time horizon of this study
and the uncertainty of a UIP with country-wide
coverage, we did not include indirect effects of
PCVs. Across a number of countries, high rates
of PCV uptake have been shown to reduce
pneumococcal disease in unvaccinated children
and adults through indirect protection [48-50].
Additionally, PCVs provide other broader clini-
cal benefits not captured in this analysis, such as
reducing the need for antibiotic prescribing and
lessening the occurrence of antimicrobial-resis-
tant strains of S. pneumoniae [51]. Moreover,
societal effects (productivity gains of par-
ents/caregivers, improved social equity, and
overall population quality of life gains) were not
accounted for. If these broader benefits were
included in this analysis, all PCVs would result
in even more cost savings compared to no vac-
cination. Relatively, PCV13-PFE may result in
even larger cost savings than PCV10-GSK or
PCV10-SII, given the greater disease reduction
and societal impact from broader serotype
coverage.

Finally, surveillance systems in India are still
being established and therefore limited state-
specific data on serotype distribution, inci-
dence, and associated costs of pneumococcal
disease are available. Although estimates of

pneumonia incidence are reported by state and
union territory, this analysis was limited to
national-level IPD and OM incidence and case
fatality rates. Similarly, there are no state-level
pneumococcal disease costing studies and
therefore costs of disease episodes were based on
most current and nationally representative
data. However, when these estimates were rig-
orously tested in scenario analyses, PCV13-PFE
consistently provided the greatest clinical and
economic benefit.

CONCLUSION

This study was the first to estimate the public
health and economic impact of the three cur-
rently licensed PCVs in India and report results
by state and union territory. Because immu-
nization programs are executed at the state
level, our subnational analysis can inform each
state of the local impact from introducing a
PCV program in their SIP. Our findings
demonstrate that implementation of PCV SIPs
throughout India would lead to substantial
public health and economic benefits compared
to no vaccination. Out of the three PCVs,
PCV13-PFE was estimated to provide the great-
est public health impact and overall cost savings
for children under Syears old. Thus, India
should consider expanding access to PCV13-PFE
in remaining states and union territories to
prevent the maximum morbidity and mortality
associated with pneumococcal diseases and save
the most costs for their health system.
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