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            ABSTRACT
· India has almost a quarter of the global childhood pneumonia burden, with an estimated 8 million severe cases, >50% of whom need hospitalization or even intensive care, constituting a huge health burden. India sees at least 0.1 million deaths due to pneumococcal infections every year in children <5 years. Fatality rates in pneumococcal infections are overall 6-7%, ranging from 11% in severe cases to 60% in hospitalized cases and invasive pneumococcal disease (IPD). Almost half of pneumococcal infections show multi drug resistance to antibiotics, and therefore prevention via vaccination is the best approach. The inclusion of pneumococcal vaccination in the Universal Immunization Programme (UIP) of India in 2017 has been a required and welcome move. This article reviews the pneumonia burden, pneumococcal serotypes in India, and the various available pneumococcal conjugate vaccines (PCV) with their features and coverage. Further areas of research include impact studies of PCV in India, as well as evolving serotype prevalence for developing future relevant vaccines.
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      INTRODUCTION AND EPIDEMIOLOGY
· Global Pneumonia Burden
· Global Pneumonia burden in under 5 years age group is around 120-150 million, with
· incidence of 14/1000.1,2 Hospitalizations in Community Acquired Pneumonia (CAP)
· are around 20-30% overall but increase in <5 years to up to 57%.3
· World over pneumonia results in 2.5-3 million annual deaths, out of which 0.5-1
· million are in children <5 years (0.75 million in 2019) which is around 14% of all
· deaths under 5 years of age.4 Overall, pneumonia is the 4th leading cause of death in the world and the leading cause in children <5 years. Almost 50-60% world’s <5-year pneumonia deaths occur in developing countries.1
· Annually 1.6 million children under <5 years, die from pneumococcal infections (pneumonia + invasive pneumococcal disease-IPD) and nearly 90% of these deaths occur in children from low and lower-middle income countries.5 According to the results of a study evaluating the global disease burden of pneumonia in children under the age of 5 years, pneumococcal diseases accounted for approximately 11% of overall deaths.6
· 
· Pneumonia Burden in India
· In 2015, an estimated 50 million pneumonia cases, in the under-5 population, occurred in India. This accounted for almost a quarter of the global childhood pneumonia burden.7,8 Of these an estimated 8 million were severe cases. In 2015, India, Nigeria, Indonesia, Pakistan, and China contributed to more than 54% of all global pneumonia cases, with 32% of the global burden from India alone.1 In 2015, in children <5 years, the CAP burden in India was around 400/1000. The burden of severe pneumonia was and 68/1000, which was much greater than global average of 14/1000 and the average for developing countries (200/1000).8 Resource-poor nations, where the prevalence of childhood pneumonia is approximately 15 times higher than in resource-rich countries, bear a disproportionate share of the worldwide burden.9 The need for hospitalization in severe CAP cases in children <5 years can be as high as 56%.3
· The top contributors to India’s pneumococcal pneumonia burden are Uttar Pradesh
· (UP), Bihar, Madhya Pradesh (MP), and Rajasthan.7,8 In Uttar Pradesh and Madhya
· Pradesh, more than half of all children aged younger than 5 years were estimated to
· have had pneumonia in 2015 (565 and 563 cases per 1000 children). By contrast the states of Kerala and Tamil Nadu had the lowest incidence of pneumonia (137 and 169 per 1000 children). Figure 1 shows the % children, CAP cases and mortality in the top four Indian states.10 
· In India, annually around 0.35-0.4 million children <5 years die of pneumonia.3 India contributes the highest number of deaths due to pneumonia, accounting for about 20% of global mortality among under five children.10
· In India, childhood pneumonia contributes to 14-20% of under-5 mortality (average
· 17.5%), being higher in lower socioeconomic regions/slums.10,11 Overall case fatality rate is around 1-2% (8-10% in children 1-6 months). In severe CAP cases mortality rises to around 10% and goes up to 64% in children <6 months.12 Mortality is significantly higher in children with lack of breast feeding (68%,), incomplete immunisation (40%), severe malnutrition (36%), and delayed hospital referral (67%). 15-20% of CAP presents as severe episodes, and up to 24 % of patients presenting to hospitals with severe CAP require admission to an ICU and mortality rates for these patients range from 17 to 49 %.13.14
· Figure 1: Regional Pneumonia Cases and Mortality Contribution in India10
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· Risk factors
· Among the under 5 years children, those < 6 months are at highest risk. Infants (2–11
· months) have almost 5-10 times higher incidence of CAP than the 1-5 years age group.15 Childhood mortality attributed to pneumonia decreases rapidly with age, from approximately 67% of all deaths at 6 months to 14% at 18 months, and reaches a
· plateau of 6% between 30 and 54 months of age. Incidence decreases more gradually
· with age: approximately 39% observed at 6 months, 22% at 18 months, 19% at 30
· months, 13% at 42 months, and 7% at 54 months.16
· Infants/Children living in crowded environments or unhygienic conditions, with
· indoor pollution exposure especially with incomplete immunization, nonexclusive
· breastfeeding, low birth weight, and malnourishment, are identified to be at
· significantly risk factors.13,17 Other risk factors include heart, lung and kidney disease,
· and conditions and treatment causing immunosuppression.18
· 
· To accelerate actions for reducing deaths due to childhood pneumonia, an initiative
· named “Social Awareness and Actions to Neutralize Pneumonia Successfully
· (SAANS)” has been launched in all the Indian States/ UTs since 2019.12
· The SAANS initiative encompasses three-pronged strategy:
· i) Guidelines on treatment and management of childhood pneumonia.
· ii) Capacity building service providers for identification and standardized
· management of CAP
· iii) Communication (SAANS) campaign during the period of November – February to
· ensure greater awareness on childhood pneumonia among families and parents.
· A training package has been designed for early identification and standardized
· management of pneumonia for Medical and Community Health Officers, Nurses, and
· allied Health workers for preventing pneumonia deaths in children.
· 
· PNEUMOCOCCAL PNEUMONIA
· Incidence, Morbidity and Mortality
· Pneumococcus is the most common organism contributing to two thirds of CAP and most of Community Acquired Bacterial Pneumonia (CABP).18 This can amount to 16-18 million cases in India <5 years. There are around 1.6 million severe pneumococcal infection cases needing hospitalization, and India sees at least 0.1 million pneumococcal (pneumonia and invasive pneumococcal disease -IPD) deaths every
· year in children <5 years.11,20
· Fatality rates in pneumococcal infections are high. The overall case fatality rate is 6-7% and range from 11% in severe pneumonia to as high as 60% in hospitalized cases and IPD.21 In low-income countries, fatality due to pneumococcal meningitis is close to 59% and among survivors, about 25–50% suffer serious neurological sequelae.
· 
· In the Alliance for Surveillance of Invasive Pneumococci (ASIP) Study Group, 4377 patients were enrolled between Jan 1, 2011, and June 30, 2015.21 361 patients
· had culture-proven pneumococcal disease. 132 (58%) presented with pneumonia, 78
· (35%) presented with meningitis, and 16 (7%) had other clinical conditions. 131/4377
· (3%) died overall however among culture proven pneumococcal disease, that was
· almost a 30% mortality rate. A total of 29/361 (8%) patients with IPD (meningitis)
· died, but among IPD cases that was almost a 37% mortality rate. Therefore, culture
· proven pneumococcal disease has high mortality in India.
· 
· The antimicrobial resistance pattern in pneumococcal isolates from India, during the period 2009–2017, showed multi drug resistance to 3 or more antibiotics in 47%.22 In
· 2019, bacterial antimicrobial resistance was associated with an estimated 4.95 million
· deaths globally, of which 1.27 million were directly attributable to antibiotic resistance.23 Vaccine Serotypes had a high prevalence of resistance to all six beta-
· lactam antibiotics (penicillin, amoxicillin, meropenem, cefotaxime, ceftriaxone and
· cefuroxime), macrolide and cotrimoxazole, and multidrug resistance.
· Approximately 51% of the global infant population has not received the complete
· pneumococcal vaccine series, and pneumococcal infections contribute highest to
· world’s vaccine preventable mortality (almost 15% overall for pneumococcal as
· compared to less than 6% for other infections vaccine preventable infections). 24,25
· 
· Pneumococcal Serotypes in India
· The most common pneumococcal serotypes causing pneumonia and IPD in India are
· mainly: 1, 3, 5, 6A, 6B, 9V, 14, 19A, 19F, and 23F.26-31 Figure 2a and 2b show invasive pneumococcal serotype distribution in India from 1990-2016 and 2016-19.26,27 Nasopharyngeal pneumococcal carriage (NPC) was seen in 48-53% Indian children by 18-36 weeks with 6A, 6B, 14, 23F, and 19A/F as the common serotypes.32
· Figure 2: Invasive Pneumococcal Serotype Distribution in India
            a) 1990-201626[image: A graph on a white board
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· b) 2016-201927
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· Among the Non-Vaccine Types (NVTs), 15ABC (16.0% of NVTs = 3.2% overall), 23A (14.6% of NVTs = 2.9% overall), and 11A (10.0% of NVTs=2% overall) were most common.27
· A baseline genetic characterization of pneumococcal isolates detected prior to introduction of PCV in India (through PNEUMONET and PIDOPS projects 2009-2017) revealed 19F as the most common serotype followed by 14, 1, 6A and 6B in diseased children 2 years or less, whereas in the 3-5 years age group with disease, 19A followed by 19F, 5, 1 and 6B were most common. NVTs in disease and carriage groups for both age-groups was 15ABC and 11A respectively. (Figure 3).28 
· Figure 3: Pneumococcal serotype distribution age-wise in disease and carriage (2009-2017)28
[image: ]In pneumococcal pneumonia, serotype 6A, 6B, 14, 19F and 23F and 14 are most prevalent serotypes in South Asia and India (Figure 4a).29
· The prevalence of co-colonization by multiple serotypes was found to range
· from as low as 1% to as high as 50%. For IPD, serotype 14, 19F, 6A, 6B, 5 and 1 are
· the most common serotypes (Figure 4b).30 19A is common in pneumococcal disease in India, while NPC common serotypes are 6A, 6B, 19A, 19F, 23F and 18C.28 
· Serotype 3 infections are characterized as having severe clinical manifestations including empyema, bacteraemia, cardiotoxicity, and meningitis; consequently, with a fatality rate of 30%–47%.33 Serotype 3 is also the commonest serotype to cause necrotizing pneumonia seen in up to 4% IPD cases.34 Serotype 4 has been observed in up to 10% of outbreak cases like daycare settings in children and also seen to have high invasive disease potential.28,35
· Serotypes associated with resistance to common antibiotics are serotypes 6B, 9V, 14, 19A, 19F, and 23F.29,36
· 
· Figure 4: Most prevalent serotypes in India for pediatric pneumococcal pneumonia and invasive pneumococcal disease (% population<5 years)29,30[image: ]
· PNEUMOCOCCAL VACCINES 
· Types of Pneumococcal vaccines
· Pneumococcal vaccines are either polysaccharide (PPSV) or polysaccharide-
· conjugated vaccines (PCV). While PPSV cover 23 serotypes giving wider protection,
· these vaccines have a weaker immunological response that may be inadequate in
· young children with immature immunity, especially infants.37 PCV generates a
· stronger immunological response and longer lasting protection, but its complex
· conjugating technology limits the number of serotypes. Even so, the PCV vaccines
· have now evolved to those with 10 and 13 serotypes, and up to 20 serotypes globally.
· 
· The introduction of PCV vaccination globally has not only greatly reduced the rates
· of pneumococcal pneumonia, but also helped reduce the overall incidence of CAP,
· severe pneumonia, IPD, hospitalization, and all-cause mortality (Figure 5).38,39
· 
· 
· 
· Figure 5: Global Impact of introducing Pneumococcal Conjugate Vaccine (PCV) 
·  [image: ]
                                         CAP (Community Acquired Pneumonia); IPD (Invasive Pneumococcal Disease)
· Pneumococcal Vaccines in India
· The inclusion of pneumococcal vaccination in the Universal Immunization
· Programme (UIP) of India in 2017 is a required and welcome move. In India,
· PCV10, PCV13 and PCV14 are currently available for use. PCV10 is available from two different sources with slightly different serotype inclusions [Synflorix from GSK - PCV10(s) and Pneumosil from Serum Institute - PCV10(p)]. 
· PCV13 is also available from 2 different sources - both vaccines contain the same 13 serotypes but differ in their conjugating protein [Prevnar13 (PCV13-CRM197) from Pfizer, and VAXIMUNE13 (PCV13-TT) from G/C Chemie Pharmie Ltd], the latter approved after showing non inferiority to the former in a randomized, double-blind, multi-centre, study, comparing the immunogenicity and safety of both vaccines in healthy infants aged 6 to 8 weeks.40 
· Recently PCV14 has also been introduced in India. Both, PCV10 of Serum Institute and PCV14 are included in the National Immunization Program (NIP). The average serotype coverage is highest for PCV13 [78-80%], with 67-68% for PCV10(s), 72-73% for PCV10(p) and 73-74% for PCV14.26,27, 30,31
· Table 1 compares the serotypes in all these vaccines. As seen, PCV10 lacks serotype
· 3, while PCV-10(s) lacks serotype 3, 6A and 19A, all important serotypes for
· pneumococcal infections in India. 6A is also absent in PCV14. Serotype 3 has shown
· almost 30% higher mortality rates, and even though its antibody titres may be less
· protective than other serotypes, high OPA (Opsonophagocytic activity) titres can
· provide some protection, therefore justifying its inclusion in PCV.33
· 
· Table 1: PCV Vaccine Serotypes (PCV13 covers all relevant serotypes)
	Relevant Serotypes - India
	PCV10 (p)
	PCV10 (s)
	PCV13
	PCV14

	· 1
	· +
	· +
	· +
	· +

	· 3
	· 
	· 
	· +
	· +

	· 4
	· 
	· +
	· +
	· +

	· 5
	· +
	· +
	· +
	· +

	· 6A
	· +
	· 
	· +
	· 

	· 6B
	· +
	· +
	· +
	· +

	· 7F
	· +
	· +
	· +
	· +

	· 9V
	· +
	· +
	· +
	· +

	· 14
	· +
	· +
	· +
	· +

	· 18C
	· 
	· +
	· +
	· +

	· 19A
	· +
	· 
	· +
	· +

	· 19F
	· +
	· +
	· +
	· +

	· 23F
	· +
	· +
	· +
	· +


· 
· 6A and 6B show some cross-reactivity, however 6B seroconversion rate (% achieving geometrical mean titres GMT of 0.35 mcg/ml) after primary series is up to 18% higher for 6B than 6A.41 Furthermore, up to 15% of the serum samples that show high OPA against 6B may not do so against the 6A strain. On average, up to 6 times more anti-6B antibodies were needed for 50% opsonophagocytic killing of the type 6A than the type 6B strain.42 Although pneumococcal type 6B conjugate vaccines elicit antibodies that cross-react with type 6A, not all anti-6B antibodies are functionally cross-reactive. The 6A serotype also gives cross protection to 6C, which is not true with 6B.43 So infant PCV vaccination especially for primary series <6 months age when pneumococcal mortality risk is highest, should ideally include the 6A strain. 
· 
· Similarly, the neutralizing antibody response against serotype 19A remained
· significantly lower than the response against 19F both in vaccinated infants and in
· animals (mice).44 It is uncertain whether the levels and functional activity of the cross-reactive antibodies induced in infants by 19F conjugate will be sufficient to provide protection against diseases caused by the cross-reactive serotype 19A. Countries using PCVs not containing 19A have shown significant increases in IPD due to 19A serotype, as seen in a global study showing 61-79% decline in 19A serotype in <5 years with PCV13 relative to before, as compared to a 1·6-2·3-fold rise of 19A with PCV10 vaccination.45 The same has also been seen in the Indian serotype data prevalence for 19A till 2016, and thereafter when PCV10 was introduced in UIP (4.1 vs 8%) (Figure 2).26,27
· Reported serotypes in India not covered by PCV10, PCV13 or PCV14 (Non-Vaccine Types - NVTs) are 15ABC, 23A and 11A, that are covered in PCV20 (11A/15B) and PCV21 (11A/5ABC/23A).29 The serotypes 23F and 33F that are included in PCV14, have low mortality and contribute to around 3.5% cases globally, however their prevalence or relevance has not been documented in India and appears to be ≤1%.26,46 PCV13, followed by PCV10 (p) impart the best coverage for serotypes of invasive pneumococcal disease, so may be most apt especially for children under 6 months of age who are at highest risk of severe infection, hospitalization, invasive disease and mortality due to pneumococcal infections.26,27
· 
· Conjugation method
· In the development of vaccines against these bacteria only a few protein carriers have
· been utilised, such as tetanus toxoid (TT), cross reactive, non-toxic mutant of diphtheria toxoid (CRM197), diphtheria toxoid (DT), and Haemophilus influenzae protein D.45 In India, PCV13 is now available with both TT (tetanus toxoid) conjugation and CRM197 as conjugated carrier proteins. TT-conjugation has been widely used for decades documenting its safety, and provides a consistent, specific and predictable immune response. CRM197 is a genetically altered, enzymatically inactive protein with a single amino acid substitution that makes it nontoxic. 
· TT and CRM conjugation present complex immunological mechanisms that need more research. TT can show immune enhancement occurring when specific T-helper cells to one vaccine antigen increase the response to the same antigen in another vaccine like Hib-TT, due an increase of carrier driven T-cell mediated co-stimulatory signals. Carrier induced epitopic suppression (CIES) may sometimes be seen with TT due to the presence of pre-existing immunity to the carrier protein or TT conjugate protein overload, having the potential to suppress the subsequent immune response to an antigen conjugated to the same carrier. The co-administration and combinations of vaccines containing a given conjugate protein can induce bystander interference to unrelated antigens as seen with conjugate vaccines utilizing CRM197 which when co-administered with DTaP/Hib vaccines consistently reduced anti-Hib IgG responses compared to schedules where CRM197 was not co-administered.47 However, the impact on vaccine effectiveness of the above immunological processes with conjugating carrier proteins, on seroconversion and seroprotection attained by various co-administered vaccines have not been studied adequately, so the clinical relevance is not known. 
· The safety and immunogenicity with TT conjugation is comparable to CRM197. A randomized, double-blind, multi-centre, study, to assess and compare the immunogenicity and safety of PCV13-TT vaccine with the reference PCV13-CRM197 conjugated vaccine performed in 344 healthy infants aged 6 to 8 weeks across six centres in India, showed non-inferiority in rates of seroconversion and protective opsonophagocytic antibody (OPA) titres.41  There was no statistical difference (0.18% and 0.19%) between the cumulative reported incidence of AEFI between PCV13-TT and PCV13- CRM197 in a post marketing study in China from 2020 to 2022 during which a total of 4,76,150 doses of PCV13-TT and 1,439,808 doses of PCV13-CRM197 were administered.48
· 
· Dosing Schedules   
· The recommended vaccination schedule for PCV13 and PCV-10 by Indian Academy of Paediatrics is given in Figure 6.49 The IAP recommends the primary series (3p) at 6, 10 and 14 weeks along with other vaccines (Diphtheria-Pertussis-Tetanus), Hib, HepB and injectable Polio Vaccine (IPV) along with oral rotavirus vaccine. In addition, a booster is recommended at 12-15 months completing the 3p+1 PCV vaccination schedule.
· For lower income countries, WHO has recommended that PCVs be administered using either a 2p+1 or 3p+0 schedule in infants, with the primary doses of each schedule administered by six months of age and the booster dose of the 2p+1 administered at 9 months of age or later. Intervals between primary doses can vary, but are generally at least 8 weeks apart for the 2p+1 schedule and at least 4 weeks apart for the 3p+0 schedule.50,51 Some countries like the UK, with mature PCV immunization programs and a high level of herd immunity, follow a 1p + 1 schedule (one primary at 14 weeks with booster at 9-12 months).52. 

             Figure 6: IAP PCV Immunization Recommendation49
· [image: ]
·                                                                             W-weeks; M-months
· Seropositivity levels following 3p+1 and 2p+1 schedules were similar in studies but
· small differences favouring 3p+1 schedules were seen overall for serotypes 6B and
· 23F. A study revealed that serotypes 6B and 23F required at least three primary infant doses to produce a response over the 0.35 µg/mL correlate of the protection threshold.53 Reduction in pneumococcal NPC with 3p is better compared to 2p at 6
· months of age. 2p doses produced lower antibody levels (GMTs) than 3p (pre-booster) for 6A, 6B, 5 and 23F by ELISA, and for 23F by OPA.54 Booster dosing at 15 months resulted in significant increases in antibody titres, and there was no difference in protective GMTs between 2p vs 3p doses post booster except for serotype 23F. However, it is important to keep in mind that the risk of pneumococcal infections, and mortality are highest in first 6 months of life, and a 3p regimen corresponds with other recommended vaccination schedules in first 6 months of the infant. A 3p/2p + 0 schedule would likely result in many children failing to sustain protective levels of antibody into the second year of life and not be protected adequately against IPD.
· For PCV13, a 3p schedule was associated with statistically significantly fewer
· breakthrough infections than a 2p schedule with an incidence ratio of 12.9 (95% CI:
· 4.1–40.4) in the first year of life.54 Therefore, 3p primary series schedule gives best
· protection in first 6 months, when risk of severe CAP and IPD is highest. Booster
· gives added protection from 2nd year of life onwards. So 3p+1 is overall the best
· regimen especially for developing countries with high <5 years pneumonia incidence,
· burden and mortality.
· Catch-up vaccination is showed in Figure 4. Children 2-5 years old who are unvaccinated or have received incomplete PCV13 series, receive 1 dose PCV13 if there is no associated medical condition. In those 2 years and above with medical conditions, 2 doses PCV13 are given 8 weeks apart if unvaccinated or received <3 past PCV doses, and 1 PCV13 dose, if received 3 prior doses. All children with medical conditions should be given 1 dose of PPSV23 at least 8 weeks after the PCV13 series is complete.55
· 
· CONCLUSION
· The introduction of PCV in the universal immunization programme (UIP) has been welcome in India. Focus should be towards completing the primary immunization series in 6 months when the risk of both infection and morbidity-mortality is highest. Booster is important to confer immunity from the 2nd year of life to cover the under 5-year vulnerable period for children. PCV13 has optimal coverage of serotypes and is now also available as TT conjugated in India. It is important to conduct more research on the prevalent serotypes in India currently, and also emerging non-vaccine serotypes to foster evidence-based introduction of future PCV vaccines beyond PCV13. Further, conduction of impact studies, and real-world data collection, to record benefits of vaccination in India in terms of reduction in pneumococcal pneumonia burden, morbidity and mortality in children after introduction of PCV in UIP is of immense relevance to direct health resources and frame future immunization policies.
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