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considerably higher rates of nearly 60% were reported
when considering meningitis isolates [33]. Sri Lanka,
on the other hand, had lower mortality numbers, yet
high resistance to almost all antibiotics. Antibiotic
resistance was also high in Thailand and South Korea.
Our review also highlighted variations in epidemiology
(e.g., significantly higher USMR in India versus other
countries) and in vaccine serotype coverage (e.g., from
37% in Pakistan to around 70% in India) in the region,
consistent with previous findings [26,34]. However,
discrepancies in robustness might exist in the
surveillance systems in these countries. Vaccination is
a crucial preventive means to reduce IPD. Available
PCVs offer an opportunity to significantly reduce the
disease burden, and help to reduce the growing problem
of antibiotic resistance, as many serotypes that cause
resistance are included in the vaccines [12,24]. It is
estimated that expanding vaccination programs with
PCVs could significantly decrease current antibiotic use
associated with diseases such as IPD [35].

As far as the available PCVs are concerned, they are
immunogenic in infants for the serotypes included in
vaccines. In addition, PHiD-CV is also immunogenic
against serotypes 6A and 19A [5]. Following routine
use of PHiD-CV and PCV-13 in the NIP of several
Latin American countries, a recent systematic review of

Figure 3. Plain Language Summary.
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these data found no evidence of the superiority of one
vaccine over the other on pneumonia, IPD or meningitis
hospitalization reductions in children < 5 years [36].
Similarly, the latest global review of PCV impact
evidence [5] used to formulate WHO recommendations
found both PCVs had a comparable impact on disease
outcomes [1] and carriage [37]. This comparable real-
world impact has also been seen in countries where
additional vaccine serotype coverage was 10-20%
higher for PCV-13 compared to PHiD-CV e.g., Sweden
[38], Quebec (Canada) [39] and Morocco [40].

PCV immunization coverage was very low both in
rural and urban areas in India, and in Indonesia. PCV
coverage in India in the private market is low and
effforts to increase it are needed. These can be achieved
by increasing awareness among healthcare providers as
well as the public about the significant burden of
pneumococcal disease and the prevention options
available. India will need to make significant progress
in the coming years to reduce acute respiratory
infections in children under five years, and, preventing
pneumococcal infection will significantly improve
survival in this age group. The need of the hour is to
increase coverage through public and private sector
efforts. Recent estimates for Gavi-eligible countries
support the importance of high coverage and predict
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that universal PCV with high coverage could prevent 21
million cases of pneumococcal disease, and save 1.5
million lives [4].

There are many barriers and challenges to overcome
in order to improve access to PCVs in countries where
prevalence is still high. Obtaining national burden
surveillance data estimates is critical to gauge the real
burden of IPD, however financial and technical support
are needed to improve surveillance. Other barriers
include difficulties in diagnosing S. pneumoniae cases
due to a lack of good surveillance sites, high cost of
serotyping, surveillance issues that include poor quality
culture techniques and limited access to higher
sensitivity diagnostics, extensive antibiotic use before
diagnostic work-up and, a lack of standardization in
diagnostic and surveillance methods [41,42]. The
establishment of sentinel surveillance networks is
critical to generate local epidemiology data to inform
national decision-making, and to assess the impact of
PCVs.

This review article was limited by including a
selection of PCV data from the past ten years for
countries in Southeast Asia with a focus on India.
Though all attempts were made to include data from
various sources, some studies might have been missed
due to the key words used in the search strategy. While
this was not a systematic review of all evidence, an
effort was made to include well-conducted large studies
covering IPD burden and PCV use in the region of
interest.

Conclusions

S. pneumoniae infection, and specifically IPD, is a
leading cause of morbidity and mortality in Southeast
Asia. In India, over 1.2 million deaths occurred in
children < 5 years in 2015, of which 25% were due to
IPD. The burden of pneumococcal disease in the region
is significant, yet no clear data are available in some
countries. PCV coverage varied (i.e., 15% in India to
98% in South Korea) although roughly 50 to 80% of
prevalent IPD serotypes in the region, including those
causing resistant disease, would be covered by PCVs.
To conclude, it is important to improve access and
widespread implementation of preventive measures
including increase coverage of PCVs. This will ensure
reduction in childhood mortality and morbidity, thereby
permit achieving a meaningful disease reduction
(Figure 3).
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Additional file 1 — Supplemental methods. Search strategies

SEARCH 1 — Burden/epidemiology of IPD in S/SE Asia

. The search string used was (("meningitis, pneumococcal"(1)) or ("pneumococcal infections"(1)) or ("pneumococcal infections"(1) and "otitis
media"(1))) AND (Burden OR incidence OR prevalence OR serotype) AND (India OR Nepal OR Myanmar OR Pakistan OR "Sri Lanka" OR Timor-
Leste OR Maldives OR Indonesia OR Democratic People's Republic of Korea OR South Korea OR Bangladesh OR Thailand OR Bhutan OR "South

east Asia")
SEARCH 2 - PCYV studies in SE Asia
. ("Streptococcal Vaccines"(1) OR "Pneumococcal Vaccines" OR "13-valent" OR "PHiD-CV" OR "10-valent" OR "pneumococcal conjugate

vaccine") AND (India OR Nepal OR Myanmar OR Pakistan OR "Sri Lanka" OR Timor-Leste OR Maldives OR Indonesia OR Democratic People's
Republic of Korea OR South Korea OR Bangladesh OR Thailand OR Bhutan OR "South east Asia")

. Filters applied: Meta-Analysis, Comparative Study, Clinical Trial, Multicenter Study, Systematic Reviews, Observational Study

SEARCH 3 — PCYV coverage in Southeast Asia and India (internet search)

The following websites were searched:

. https://mohfw.gov.in/right-information-rti/rti-act-for-ministry/departments-health-and-family-welfare/immunization
. http://www.who.int/immunization/monitoring_surveillance/data/ind.pdf
. https://apps.who.int/immunization_monitoring/globalsummary/timeseries/tswucoveragedtp3.html

The following key terms were used: PCV immunization coverage in WHO Southeast Asia region, National immunization program coverage in India
2017-18, PCV10/PHiD-CV coverage in India or usage in India, PCV13 coverage in India

Table Inclusion and Exclusion criteria.
Inclusion Exclusion

Countries Bangladesh, Bhutan, India, Indonesia, Maldives, | All other countries
Myanmar, Nepal, Democratic People's Republic
of Korea, Sri Lanka, Thailand, Timor-Leste,
Pakistan, South Korea

Study design Observational studies, hospital studies expert reviews, case reports, abstracts
(prospective and retrospective), comparative without full-texts

studies, clinical trials, systematic reviews and
meta-analyses

Human/Animal Human studies Animal studies
Languages English Other languages
Age groups Children (<5 years if available) Adults
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