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Abstract: Pneumococcal disease is a global public health concern that significantly contributes to clinical disease burden and
economic burden. Patients frequently afflicted are young children and older adults, as well as the immunocompromised population.
Immunization is the most effective public health strategy to combat pneumococcal disease and several vaccine formulations have been
developed in this regard. Although vaccines have had a significant global impact in reducing pneumococcal disease, there are several
barriers to its success in Iraq. The war and conflict situation, increasing economic crises and poverty, poor vaccine accessibility in the
public sector, and high vaccine costs are a few of the major obstacles that impede a successful immunization program. The last
reported third dose pneumococcal conjugate vaccine coverage for Iraq was 37% in 2019, which is expected to reduce even further
owing to the COVID-19 pandemic. Thus, strategies and policies to improve pneumococcal vaccine availability and coverage need to
be strengthened to achieve maximum benefits of immunization. In the current review, we provide an overview of the existing
knowledge on pneumococcal disease-prevention strategies across the globe. The main aim of this manuscript is to discuss the current
status and challenges of pneumococcal vaccination in Iraq as well as the strategies to prevent pneumococcal infections.
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Introduction
Pneumococcal disease refers to any infection caused by the bacteria Streptococcus pneumoniae. It is a major public
health concern due to its high rate of global morbidity and mortality. The incidence rate of pneumococcal disease is more
in children <2 years and adults >65 years." The World Health Organization (WHO) estimates that about a million
children succumb to this disease annually, with more than 300,000 being under 5 years of age.”* In the Eastern
Mediterranean region, the incidence of pneumococcal disease in 2015 was estimated to be 1261/100,000 children (<5
years), of which 1214/100,000 were caused by pneumococcal pneumonia.* In this region, the overall mortality due to
pneumococcal disease among children (<5 years) was reported to be around 47/100,000, with a major burden (39/
100,000) due to pneumococcal pneumonia.* As per the data for 2015, Iraq had an estimated pneumococcal disease
burden of 111,636 incidents and 1954 deaths, with 79,601 incidents and 1669 deaths caused by pneumococcal
pneumonia.*> These figures are among the highest in the region for upper middle income countries (UMICs).
Pneumococci are Gram-positive bacteria that are encapsulated within a polysaccharide capsule, which is an important
virulence factor.® They are disseminated via direct contact with respiratory secretions (mucus or saliva) from patients as
well as healthy carriers. The pathogen may affect various organ systems, thereby manifesting in the form of varied,
invasive or noninvasive, pneumococcal infections. Invasive pneumococcal disease (IPD) implies an infection that can be
confirmed by the isolation of the pathogenic pneumococcal species from a sterile body site, such as blood, cerebrospinal
fluid (CSF), and synovial, peritoneal, or pleural fluid.” Severe, life-threatening IPD conditions include meningitis,
bacteremic pneumonia, and febrile bacteremia, while sinusitis, otitis media, bronchitis, and community-acquired pneu-

monia (CAP) are the milder, but more common, noninvasive manifestations.® IPD has a high mortality rate among
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children (<5 years) in developing countries, ranging from up to 20% for sepsis to up to 50% for meningitis.”
Pneumococcal pneumonia is a global killer and may be acquired in different settings, such as within the community
(CAP) or in the form of a nosocomial infection (hospital-acquired pneumonia: HAP).'

More than 90 different capsular serotypes of the pathogen have been identified worldwide. These serotypes have been
defined based on differences in their capsular polysaccharide composition.'' The distribution of these serotypes has been
seen to vary with time. Several factors, such as geographical region, presence of antimicrobial resistance genes, disease
syndrome and severity, as well as the age of the population, determine the serotype distribution.” A study reported that
prior to the global introduction of conjugate vaccines (period of study: 1980-2007), >70% of all childhood (<5 years)
IPD cases were caused by only 6-11 pneumococcal serotypes.'? Serotypes 1,5, 6A, 6B, 14, 19F, and 23F prevailed
among children (<5 years) in the pre-PCV period while serotypes 19A, 3, and 6A were common following the
introduction of PCV7 and PCV10/13.'*'* A systematic review and meta-analysis of publications between 2000 and
2015 showed that 22F, 12F, 33F, 24F, 15C, 15B, 23B, 10A, and 38 were the predominant non-PCV13 serotypes
globally."® The limited serotype surveillance data in Iraq limits our ability to effectively report the common serotypes
circulating in Iraq.

Apart from age, several health conditions, such as diabetes, nephrotic syndrome, CSF leak, and cochlear implants can
increase the risk of developing severe, invasive infections. An immunocompromised status resulting from disease (HIV,
sickle cell disease, asplenia, cancer) or drug use (steroids), as well as substance abuse (alcoholism, cigarette smoking), is
a risk factor for developing pneumococcal disease.'* Additionally, S. pneumoniae infections may exacerbate chronic lung
illnesses such as asthma, chronic obstructive pulmonary disease, and emphysema—thereby adversely affecting patient
outcomes."”

Vaccination is the primary preventive strategy against pneumococcal disease. Table 1 lists the different pneumococcal
vaccine preparations that have been developed to combat pneumococcal disease. In fact, the introduction of vaccination
has significantly reduced the pneumococcal disease burden across the globe.* In addition, it has also helped in controlling
the incidence of drug-resistant pneumococcal infections.'® However, the coverage of the pneumococcal vaccines has
been reported to be very low (~37%), even for a UMIC such as Iraq.

The purpose of this (narrative) review is to consolidate existing knowledge on global pneumococcal disease-
prevention strategies. Further, it aims to identify and understand the barriers affecting pneumococcal immunization in
Iraq and propose possible strategies that may be adopted to prevent such infections in the susceptible adult and pediatric
Iraqi populations.

Pneumococcal Infection Landscape: Epidemiology and Transmission

S. pneumoniae is a part of the commensal microflora of the upper respiratory tract and colonizes the nasopharynx.?’
Infants and young children are the major carriers of this bacteria, with a carriage rate of 27-85%, while in adults, the rate
is <10%.2%*” It has been observed that children in low- and middle-income countries, as well as a few indigenous
populations within high-income countries, have a higher carriage rate.>’ > Pneumococcal carriage contributes to the
horizontal spread of the pathogen within communities and is thus a prerequisite for disease. Carriage also helps build
immunity against the pathogen and is normally asymptomatic. However, the migration of this opportunistic pathogen into
sterile tissues and organs of the human body may give rise to severe disease.’'

The Pneumococcal Global Serotype Project established that in children <5 years only a few serotypes (6—11) were
responsible for a majority (>70%) of IPD cases, both globally and regionally.'? The most common global IPD serotypes
were 1, 5, 6A, 6B, 14, 19F, and 23F, which accounted for 200,000 and >300,000 deaths in Asia and Africa, respectively,
in the year 2000.'?

Epidemiological reports on pneumococcal disease prevalence in Iraq have been relatively lacking, although a recent
study conducted between June 2018 and May 2020 across 18 major hospitals in Iraq showed that 41.6% of confirmed
bacterial meningitis cases were caused by S. pneumoniae.”® Although the age of the patients ranged between 1 week to
40 years, a majority (83.7%) of these patients were <5 years, with 58.4% being under 1 year of age. The overall annual
incidence rate of pneumococcal meningitis in the country was 0.62/100,000 population, with the maximum reported in
Karbala (1.56), followed by Karkh (0.65), Al-Rusafa (0.58), Kirkuk (0.3), and Maysan (0.09).>* The annual Arba’een
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Table | Pneumococcal Vaccines

S. No | Name of Vaccine (Brand Carrier Target Serotypes Year of FDA Licensing Reference
Name, Company) Protein

Pneumococcal Polysaccharide Vaccines

l. PPSVI14 - 1,2, 3,4, 6A,7F 8, 9N, I2F 14, 1977 [17]
I18C, 19F, 23F, and 25
2. PPSV23 (Pneumovax® 23, - 1,2, 3,4,5, 6B, 7F 8, 9N, 9V, 1983 [18]
MSD) 10A, A, 12F 14, 15B, I7F, 18C,

I9F, 19A, 20, 22F, 23F, and 33F

Pneumococcal Conjugate Vaccines

3. PCV7 (Prevnar®, Pfizer) CRM197 4, 6B, 9V, 14, 18C, 19F and 23F 2000 [19]
4. PCVI0 (Synflorix®. NTHi Protein D, I, 4,5, 6B, 7F, 9V, 14, 18C, I9F, WHO prequalified in 2009; [20]
GlaxoSmithKline) tetanus toxoid, and 23F Licensed in Canada, Australia,
diphtheria Europe between 2008 and 2009
toxoid
5. PCVI10 (Pneumosil® Serum CRM197 I, 5, 6A, 6B, 7F, 9V, 14, 19A, 19F, WHO prequalified in 2019; [21]
Institute of India) and 23F Licensed in India in 2020
6. PCVI3 (Prevnar 13®, Pfizer) CRM197 I, 3,4,5, 6A, 6B, 7F, 9V, 14, 18C, 2010 [22]
19A, I9F, and 23F
7. PCVI5 (Vaxneuvance®, MSD) CRM197 I, 3,4,5, 6A, 6B, 7F, 9V, 14, 18C, 2021 [23]
I19A, 19F, 22F, 23F, 33F
8. PCV20 (Prevnar 20®, Pfizer) CRM197 I, 3, 4,5, 6A, 6B, 7F8, 9V,I10A, 2021 [24]
1A, 12F, 14, I5B, 18C, 19A, I9F,
22F, 23F, 33F

Abbreviations: FDA, Food and Drug Administration; PPSV, Pneumococcal polysaccharide vaccines; PCV, Pneumococcal conjugate vaccines; WHO, World Health
Organization; NTHi, non-typeable Haemophilus influenzae; CRM197, cross-reacting material 197 (a nontoxic variant of diphtheria toxin).

pilgrimage may be a major determining factor for the high pneumococcal meningitis incidence in Karbala city. Such

dense mass gatherings create a conducive environment for the dissemination of infectious diseases.*”

Global Burden of Pneumococcal Disease

Clinical Burden of Pneumococcal Disease

According to the WHO, in 2019, infections of the lower respiratory tract (LRT) were the 4th leading global cause of
mortality (low-income countries [LICs]: 2nd leading cause, middle-income countries [MICs]: 5th leading cause, high-
income countries [HICs]: 6th leading cause).** In fact, they are the world’s deadliest communicable diseases, having
claimed 2.6 million lives in 2019.%* Infectious diseases, in general, are the chief cause of mortality among children (<5
years).>> Globally, pneumonia is the single largest infectious cause of mortality among children.*® S. pneumoniae is the
most prevalent bacterial cause of childhood pneumonia. In 2016, pneumococcal pneumonia was responsible for
1,189,937 deaths and 197.05 million incidents.’” Of these, 341,029 deaths occurred in children (<5 years) and
494,340 deaths occurred in the elderly population (>70 years). The burden of disease (number of cases and mortality
rate) was observed to be higher in developing nations, with the majority of deaths being observed in Africa and Asia.
Table 2 shows the burden (mortality and morbidity) of pneumococcal disease for the year 2015 in different countries
(selected randomly), based on their WHO region and World Bank income group. Iraq has one of the highest disease
burdens among the UMICs in the Eastern Mediterranean region (Table 2).
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Table 2 Overview of Pneumococcal Vaccine Introduction, Vaccine Coverage and Disease Burden in Different Countries of the World

S. No. Country Income Year of Immunization Vaccine and WUENIC Total Number of Total Number of
Group (as Vaccine Program Type Dosing Coverage Pneumococcal Pneumococcal
per World Introduction Schedule (Year) Disease Cases (2015) Deaths (2015)
Bank)

WHO: African Region

I Gambia LIC 2009 Universal PCVI13, 3p+0 | 87% (2019) 2894 128

2. South UMIC 2009 Universal PCVI13, 2p+I 83% (2020) 57,352 1318
Africa

3. Rwanda LIC 2009 Universal PCVI13, 3p+0 | 91% (2020) 8386 327

4. Kenya LMIC 2011 Universal PCVI10, 3p+0 | 90% (2020) 75,947 1990

5. Malawi LiC 2011 Universal PCVI3, 3p+0 | 93% (2020) 32,117 1541

6. Botswana UMIC 2012 Universal PCVI3, 3p+0 90% (2020) 3739 71

WHO: Region of the Americas

7. USA HIC 2000 Universal PCV13, 3p+I 82% (2020) 6273 89

8. Canada HIC 2002 Universal PCVI13, 2p+I 84% (2020) 639 8
and 3p+|

9. Mexico UMIC 2008 Universal PCVI3, 2p+I 75% (2020) 61,345 728

10. Peru UMIC 2009 Universal PCVI3, 2p+I 80% (2019) 11,721 183

1. Nicaragua LMIC 2010 Universal PCVI3, 3p+0 92% (2020) 3226 67

12. Bolivia LMIC 2014 Universal PCVI3, 3p+0 68% (2020) 9800 288

WHO: Eastern Mediterranean Region

13. Qatar HIC 2005 Universal PCVI3, 3p+1 70% (2020) 620 2

14. Kuwait HIC 2007 Universal PCVI3, 3p+I 91% (2020) 1594 13

15. UAE HIC 2007 Universal PCVI3, 3p+1 84% (2020) 2417 6

16. Bahrain HIC 2008 Universal PCVI3, 3p+1 99% (2020) 494 3

17. Oman HIC 2008 Universal PCVI3, 2p+1 99% (2019) 1803 14

18. Saudi HIC 2009 Universal PCVI3, 3p+1 95% (2020) 14,854 107

Arabia

19. Morocco LMIC 2010 Universal PCVI0, 2p+1 98% (2019) 24,109 327

20. Yemen LIC 2011 Universal PCVI3, 3p+0 72% (2020) 32,873 784

21. Pakistan LMIC 2012 Universal PCVI0, 3p+0 80% (2020) 476,025 14,418

22. Djibouti LMIC 2012 Universal PCVI3, 3p+0 70% (2020) 1240 47

23. Libya UMIC 2013 Universal PCVI3, 2p+1 73% (2020) 8024 51

24. Sudan LIC 2013 Universal PCVI3, 3p+0 90% (2020) 67,232 3851

25. Afghanistan LIC 2013 Universal PCVI3, 3p+0 68% (2020) 179,075 5076

26. Lebanon UMIC 2015 Universal PCVI3, 2p+1 74% (2020) 6778 19

27. Iraq UMIC 2017 Universal PCVI3, 3p+0 | 37% (2019) 111,636 1954

28. Tunisia LMIC 2019 Universal PCVI0, no 82% (2020) 14,436 85

data
(Continued)
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Table 2 (Continued).

S. No. Country Income Year of Immunization | Vaccine and WUENIC Total Number of Total Number of
Group (as Vaccine Program Type Dosing Coverage Pneumococcal Pneumococcal
per World Introduction Schedule (Year) Disease Cases (2015) Deaths (2015)
Bank)
WHO: European Region

27. Italy HIC 2005 Universal PCVI3, 2p+I 91% (2020) 959 4

28. France HIC 2006 Universal PCV13, 2p+I 92% (2019) 1271 14

29. Germany HIC 2006 Universal PCVI0 and 84% (2019) 1063 7
PCV13, 2p+I

30. Turkey UMIC 2008 Universal PCVI3, 3p+I 95% (2020) 12,072 221

31. Bulgaria UMIC 2010 Universal PCV13, 3p+I 85% (2020) 381 15

32 Uzbekistan LMIC 2015 Universal PCV13, 2p+I 93% (2020) 12,755 1626

WHO: Western Pacific Region
33. Australia HIC 2005 Universal PCV13, 2p+I 97% (2020) 1293 7
34. New HIC 2008 Universal PCVI3, 3p+I 92% (2020) 318 4
Zealand

35. Philippines LMIC 2013 Subnational PCVI0 and 66% (2020) 296,776 3855
PCVI3, 3p+I

36. Papua New LMIC 2013 Universal PCVI3, 3p+0 | 39% (2020) 20,713 762

Guinea
37. Malaysia UMIC 2020 Universal PCVIO0, 2p+1 No data 39,871 120
WHO: Southeast Asian Region

38. Nepal LMIC 2015 Universal PCVI0, 2p+1 80% (2020) 65,542 887

39. Bangladesh LMIC 2015 Universal PCVI0, 3p+0 | 99% (2020) 362,882 4866

40. Myanmar LMIC 2016 Universal PCVI3, 3p+0 | 86% (2020) 133,059 2835

41. India LMIC 2017 Universal PCVIO 21% (2020) 4,408,490 68,697
(Pneumosil®),

2p+I

Notes: PCVI0 is used to refer to Synflorix®, except for the case of India, where Pneumosil® is being used. Data source: View-Hub.®
Abbreviations: WHO, World Health Organization; WUENIC, WHO and UNICEF Estimates of National Immunization Coverage; LIC, Low-income country; UMIC, Upper
middle-income country; LMIC, Lower middle-income country; HIC, High-income country; PCV, Pneumococcal conjugate vaccine.

The socioeconomic status of countries also determines the incidence and outcomes of pneumococcal disease, with a higher
occurrence rate being associated with nutritional deficiencies among children, poor hygiene, and increased indoor air pollution.*®
Among children (<2 years) in Europe, the mean annual incidence of IPD was reported to be 44.4/100,000, prior to the
introduction of conjugate vaccines.*” On the other hand, rural Mozambique had an annual incidence rate of 779/100,000 (<3
months of age).*’ In India, pneumococcal pneumonia claimed the lives of about 105,000 children (<5 years) in 2010 with
564,000 episodes of severe disease.*' It was estimated that 294,000 HIV-uninfected children (<5 years) and 23,300 HIV-infected
children died from pneumococcal disease in 2015 worldwide.* Pneumococcal meningitis and bacteremia claimed the lives of
approximately 3250 people in the USA in 2019.** The global annual mortality due to CAP is estimated to be around 3 million.*

Economic Burden of Pneumococcal Disease
Pneumococcal disease imposes a significant burden on the economy owing to its high clinical burden. An estimated
150,000 hospitalizations take place in the USA per year as a result of pneumococcal pneumonia.** In 2004, direct health
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care costs due to pneumococcal disease were US $3.5 billion in the USA, with a majority (US $1.8 billion) due to adult
patients >65 years.44 It is estimated that between 2004 and 2040, the economic burden of pneumococcal pneumonia will
increase by US $2.5 billion per year.*> About 1.3 million episodes of CAP occur in the USA every year within the >65
years age bracket, with almost 40% having a hospital stay of 5.6 days on average. The financial burden for each episode
can reach an excess of US $18,000, causing Medicare an estimated burden of US $13 billion annually.*® Total health care
costs associated with CAP among adults (=50 years) in Europe were estimated to be as high as US $11.18 billion
per year.*’ One-third of the costs were related to indirect costs, ie, loss of working days. An IQVIA real-world study
performed on adult (>18 years) patients in Dubai (using claims data from 2014 to 2019) found that the treatment of
pneumonia was associated with an average cost of US $1305 per patient with a higher health care burden (US $10,207)
noted in the high-risk cohorts. This is approximately 8—11 times the average cost in the medium-risk (US $1283) and
low-risk (US $882) cohorts.*®

Global Prevention Strategies

Vaccines

Vaccination is the primary preventive strategy against pneumococcal disease. Two kinds of vaccines have been
developed in this regard: pneumococcal polysaccharide vaccines (PPSVs) and pneumococcal conjugate vaccines
(PCVs) (Table 1). The generation of antibodies against capsular polysaccharide antigens provides serotype-specific
protection against pneumococcal disease. Cross-protection among related serotypes (6A/6B, 6A/6C, and 19A/19F) has
also been observed.” The vaccines have been designed to cover serotypes associated with severe forms of the disease.

Pneumococcal Polysaccharide Vaccines
In 1977, the first PPSV was approved for use in the USA; it was a formulation of purified capsular polysaccharide
antigens from 14 different S. pneumoniae serotypes (Table 1).* It was replaced by the 23-valent polysaccharide vaccine
(PPSV23, Pneumovax® 23) in 1983 (Table 1). The 23 serotypes present in this formulation cause 90% of the invasive
infections in developed nations.” The vaccine is priced between US $5 and $35 per dose.™

Polysaccharide antigens are thymus independent and therefore have poor immunogenicity and do not induce
immunological memory.’' They lead to a B-cell-dependent immune response via the production of IgM antibodies.>
As children below 2 years of age have an underdeveloped immune system, polysaccharide vaccines are not recom-
mended for them.

Pneumococcal Conjugate Vaccines

Conjugation of the capsular polysaccharides to a carrier protein enhances their immunogenicity, making them more
effective against infection, particularly in children <2 years. The first pneumococcal conjugate vaccine (PCV7, Prevnar™)
included capsular polysaccharides of 7 serotypes individually conjugated to the diphtheria CRM197 carrier protein
(cross-reacting material 197, a nontoxic variant of diphtheria toxin) (Table 1). These 7 serotypes included 65-80% of the
serotypes associated with IPD among children in developed western countries.'® The vaccine directly protects immu-
nized children and indirectly protects the community via reduced nasopharyngeal colonization and transmission, ie, herd
immunity.>®> Furthermore, the conjugation of the capsular polysaccharides to the CRM197 protein results in a thymus-
dependent adaptive immune response, which is associated with isotype switching and the generation of memory
B-cells.”

PCV7 production was phased out in favor of the 10-valent PCV (Synflorix®, PCV10), which is made up of 3
additional capsular polysaccharides from serotypes 1, 5, and 7F (Table 1).>* In this formulation, protein D of non-
typeable Haemophilus influenzae (NTHi) acts as the carrier protein for 8 serotypes, while 2 serotypes (18C and 19F) are
conjugated to the tetanus and diphtheria toxoids, respectively.”® In 2010, the 13-valent conjugate vaccine (PCV13,
Prevnar® 13) was licensed for protection against 3 additional serotypes (3, 6A, and 19A) (Table 1).%* It was reported that
in the year 2000, serotypes included in both the 10- and 13-valent PCVs accounted for 10 million cases and 600,000
deaths worldwide.'?
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Recently, in 2021, the Food and Drug Administration (FDA) approved a 15-valent PCV (PCV15, Vaxneuvance®,
MSD), containing 2 additional pneumococcal polysaccharides from serotypes 22F and 33F (Table 1). In 2021, a 20-
valent PCV (PCV20, Prevnar 20, Pfizer) with 5 additional serotypes (8, 10A, 11A, 12F, and 15B) was also introduced to
the US market (Table 1).** Additionally, a novel 24-valent PCV vaccine candidate (Affinivax) is currently under clinical
trial.>

Pneumosil®, another 10-valent product developed by a collaboration between the Serum Institute of India, PATH, and
the Bill & Melinda Gates Foundation, was released in 2020 (Table 1). Apart from its affordability, the formulation offers
the presence of serotypes 6A and 19A, which are more prevalent in high-disease-burden regions such as Asia and
Africa.>®

Introduction Status, Pneumococcal Vaccination Program, and Vaccine Formulations
The WHO recommends the inclusion of PCVs in childhood immunization programs globally.” A WHO report states that
91% of the global pneumococcal vaccine market demand is PCV-driven, with more than 95% coming from childhood
immunization programs.’® However, prior to introducing a vaccine into the National Immunization Program (NIP), each
country needs to focus on 3 main areas of concern pertaining to the disease, the vaccine, and the strength of the
immunization program and health care system.’’

The disease targeted by the vaccine should be a public health and political priority.’” A few questions need to be

asked in this regard that are beneficial in the decision-making process:’

1. Does the disease in question have a significant burden?

2. Does its prevention contribute significantly to the goals, and is it consistent with the priorities of national health
and development programs?

3. Is the disease of significance to the public and medical community?

4. Has the vaccine been recommended by WHO, and is control of the disease in accordance with global or regional
priorities?

5. Does disease prevention aid in equity improvement among the socioeconomic classes and population groups?

The performance of the available vaccine, with respect to its efficacy, safety, and effectiveness, should also be taken
into consideration prior to its introduction into the NIP.?” Additionally, the characteristics of the vaccine product (number
of doses required, formulation, presentation, and packaging), as well as the availability of vaccine supply, should be
assessed. Several economic and financial issues related to vaccine introduction are critical and should be analyzed
properly, such as the vaccine’s cost-effectiveness, affordability, and financial sustainability.”’ Finally, the impact of
vaccine introduction on the immunization program as well as the existing health care system of the country needs to be
evaluated, including its ability to deliver without a burden on other (critical) health services.”’

Based on the above factors, a decision may be taken by policymakers to introduce the vaccine in the NIP, thereby
providing market access across all applicable age groups (eg, USA and Canada). Alternately, the vaccine may be
included in the NIP but may provide market access to limited age groups (eg, Kazakhstan—adult only, India—pediatric
and under 5) or have a varying dosage schedule (eg, Canada). Based on market health, the vaccine may also be adopted
subnationally (in a regional or phased manner), resulting in limited market access (eg, Spain—regional and Philippines—
phased).’

Globally, PCV has been introduced in 148 countries, while 18 countries are planning to do so and 28 countries are yet
to decide.” The vaccine has been introduced under 3 program types: universal introduction in 142 countries, subnational
introduction in 2 countries, and introduction among high-risk populations in 4 countries.’

The USA and Canada, within the region of the Americas, were the first to adopt PCV use in 2000 and 2002,
respectively (Table 2). A few countries in Europe (Italy) and the Western Pacific region (Australia) incorporated the
vaccine into the NIP in 2005 (Table 2). The Eastern Mediterranean region also started the introduction of PCV in
childhood immunization programs around the same time in countries such as Qatar (2005), Kuwait (2007), and Bahrain
(2008), while African countries such as Gambia, South Africa, and Rwanda followed in 2009 (Table 2). The Southeast
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Asian region was the last to incorporate PCV in the NIP, with Nepal and Bangladesh in 2015 (Table 2). Table 2 presents
the status of PCV introduction in a few countries in different WHO regions, their income status (as per the World Bank),
and provides information related to the PCV introduction program type, vaccine coverage status, dosing schedule, and
disease burden in these countries. A quick glance at Table 2 tells us that PCV introduction began first in many HICs.

Three kinds of PCV formulations (Prevnar 13®/PCV13, Synﬂorix®/PCV10, Pneumosil®/PCV10) are currently in use,
with PCV13 being the most widely used among both pediatric and adult populations.” India is the only country that has
introduced the 10-valent Pneumosil®.’ The choice of a particular vaccine formulation should be governed by program-
matic factors, vaccine price and supply, serotype prevalence, and pattern(s) of antibiotic resistance in the country.’
Affordability is a major factor that drives PCV introduction in MICs. It has been reported that while 92% of HICs and
82% of the Global Alliance for Vaccines and Immunizations (GAVI)-supported countries currently have PCV programs,
this percentage is only 66% for MICs.>> The per dose range for PCV is between US $3 for GAVI countries and US $132
in the USA.>® For self-procuring countries, prices vary based on income status, with US $16 for lower middle-income
countries (LMICs), US $19 for UMICs, and US $37 for HICs. Pneumosil® is the cheapest product at US $2 per dose
GAVI price.>®

Dosing Schedule and Target Population

Currently, 3 PCV products have been prequalified by the WHO for administration to infants and children, viz. Prevnar
13®, Synflorix®, and Pneumosil®.’ The Centers for Disease Control and Prevention (CDC) recommends that all children
<2 years of age receive the PCV13 vaccination. Additionally, children (2—18 years) with risk factors or those having
certain medical conditions are recommended to get PCV13 and PPSV23 vaccinations.*? The WHO recommends a 3-dose
schedule (2p+1: 2 primary doses and a booster dose or 3p+0: 3 primary doses and no booster dose) for administration of
PCV in infants and children (<5 years).” The former schedule has been found to be more beneficial than the 3p+0
schedule, as it induces higher antibody titers by 2 years of age.’

In adults, the vaccines currently available globally for preventing pneumococcal disease are PPSV23 and PCV13.5®
The USA has 2 additional conjugate vaccines (PCV15 and PCV20) for use in adults. For vaccination in adults (>65 years
or 19-64 years with certain medical conditions or risk factors), the CDC recommends one dose of PCV15 or PCV20.
PCV15 use should be followed by vaccination with PPSV23.%?

Four approved PCV dosing regimens are being used worldwide among children (1p+1: 1 primary dose and a booster
dose, 2p+1, 3p+0 and 3p+1: 3 primary doses and a booster dose).” PCV vaccines are administered to only adult, only
pediatric or both adult and pediatric populations in different countries across the world (adult: 2 countries, pediatric: 30
countries, adult and pediatric: 54 countries).” The 3p+0 dosing schedule has been adopted in 61 countries, while the 2p+1
schedule is being followed in 60 countries.” The UK is the only country to use a Ip+1 maintenance program, which
involves administering a primary dose of PCV13 at 3 months and a booster dose at 12—13 months.>’

Saudi Arabia hosts the largest annual mass gathering, the Hajj pilgrimage, which increases the risk of dissemination
of pneumococci among the global population. There are several reports that show increased pneumococcal carriage
among pilgrims post-Hajj.®>®' The Scientific Committee for Influenza and Pneumococcal Vaccination of the Saudi
Thoracic Society recommends the following guidelines for pneumococcal vaccination before Hajj season: a) combined
PCV13 and PPSV23 vaccination in people >50 years prior to Hajj; however, only a single dose of PPSV23 is
recommended in people planning to take it immediately before Hajj; (b) single dose of PPSV23 at least 3 weeks before
Hajj in immunocompetent adults <50 years of age with risk factors.®?

Coverage Status

In 2020, the coverage for 3 doses of PCV vaccination among children was 49% globally.*> The WHO region-wise
coverage for 2020 was 16% for the Western Pacific region, 27% for the Southeast Asian region, 52% for the Eastern
Mediterranean region, 68% for the African region, 76% for the region of the Americas, and 79% for the European region
(Figure 1).% In the USA in 2018, pneumococcal vaccine coverage (>1 dose) (PPSV23 or PCV13) among high-risk
individuals (19-64 years) was 23.3% and among adults >65 years was 69%.°* Between 2010 and 2018, this coverage
ranged from 18.5% to 24.5% in the former cohort and from 59.7% to 69.0% in the latter. In the UK, the coverage of
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PPSV23 among adults >65 years was 70.6% till March 2021, and for high-risk individuals aged 2—64 years, it was 38.5%
(chronic liver disease) and 70.7% (cochlear implants).®®

Global Impact of Pneumococcal Vaccines: Case Studies

Due to the expanded coverage of PCVs, the mortality due to LRT infections occurring as a result of pneumococcal
pneumonia has reduced globally by 7.24%.%” PCV13-based immunization programs have had a global impact on public
health, having averted 175.2 million episodes of (all) pneumococcal disease and 624,904 deaths between 2010 and
2019.% It has been reported that pneumococcal disease-related mortality declined by 51% between 2000 and 2015.*

In 2018, an economic-epidemiological analysis was performed to determine the potential impact of introducing
PCV13 into the Indian NIP.®” The authors estimated that if a vaccine coverage (~77%) and distribution level similar to
the DPT (diphtheria, pertussis, tetanus) vaccine were adopted, PCV13 vaccination would cost ~US $240 million, but also
help save US $48.7 million in out-of-pocket expenditure and prevent 34,800 deaths annually.

PCV13 has been in use in Africa and the Middle East since 2010. The public health benefit of its use in children <5
years was evaluated across 46 countries by an epidemiological model, which established that approximately
123.5 million infants were vaccinated with PCV13, resulting in an estimated 115 million cases of disease and 517,274
associated deaths averted.®®

Between 1999 to 2015, a total of 4457 IPD cases were identified in children <5 years in Israel, with 76.2% being
severe and 22.9% being nonsevere. Following PCV7 and PCV13 introduction into the NIP of Israel, there was a >60%
decrease in overall IPD cases in children <5 years (Figure 2).%

USA: The Case of Herd Immunity and a Major Decline in Pneumococcal Disease

Incidence

In the USA, PCV 7 was licensed and incorporated into the childhood immunization program in 2000, after which the
incidence of PCV7-serotype-related IPD cases dropped by 99%.”° Herd immunity was also observed among the
unvaccinated population. A minor increase in non-PCV7-serotype-related IPD incidence was observed between 2000
and 2010.”° However, these were controlled by the replacement of PCV7 with PCV13 in 2010. Between 1998 and 2019,
there was a 93% decrease in overall IPD cases among children <5 years (Figure 2).”' Within the same time period, the
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Figure 2 Trends in IPD incidence among children and adults before and following introduction of pneumococcal conjugate vaccines in different countries.

incidence of IPD caused by PCV13 serotypes declined from 88 cases/100,000 individuals to 2 cases/100,000 individuals
(98% decrease).”" Experts believe that PCV13 has helped to prevent 30,000 IPD episodes and 3000 deaths within the first
3 years of its introduction.”” A decade after the introduction of PCV7 into the US childhood immunization schedule,
there were an estimated 168,000 fewer hospitalizations due to pneumonia annually.’?

In 2012, PCV13 was incorporated for adults (>19 years) with an immunocompromised status and in 2014 for all adults >65
years. However because of herd protection, a decline in overall IPD incidence among adults (>19 years) was seen as early as 2001
(Figure 2).”" Between 1998 and 2019, the overall incidence of IPD in the 19—64 years and >65 years age brackets reduced from
16/100,000 individuals to 8/100,000 individuals and from 61/100,000 individuals to 24/100,000 individuals, respectively
(Figure 2). Specifically, IPD due to PCV13 serotypes dropped by 82% (11/100,000 individuals to 2/100,000 individuals) and
87% (45/100,000 individuals to 6/100,000 individuals) among people aged 19-64 years and >65 years, respectively.’'

Canada: The Case of Dual Vaccine Dosage Schedules

PCV7 was introduced across all Canadian provinces and territories between 2002 and 2006, which resulted in a dramatic
reduction in pneumococcal disease incidence, as well as in vaccine serotype strains among children <5 years (Figure 2).”?
Following its introduction, the incidence of pediatric IPD cases due to non-PCV7 serotype strains (viz. 7F and 19A)
increased.”*’> However, these were controlled by the introduction of the 10-valent and 13-valent PCVs in 2009 and
2010-2011, respectively. The country has a dual dosage schedule of 2p+1 and 3p+1. In the 2p+1 program, 2 primary
PCV doses are administered at 2 and 4 months, and a booster at 1 year. However, in high-risk and immunocompromised
children, the 3p+1 schedule is used, where 3 primary doses are given at 2, 4, and 6 months and a booster at 1 year of age.
This strategy was adopted, since the incremental cost of the 4th dose was higher than the 3rd dose.”®

United Kingdom: The Case of a Ip+| Maintenance Program

In 2006, the UK introduced PCV7 into the universal NIP for infants with a 2p+1 schedule involving 2 primary doses at 2
and 4 months, followed by a booster dose at 12—13 months.>>’” Owing to high vaccine coverage (>90%) and herd
immunity, a substantial reduction in PCV7-serotype-specific IPD cases, as well as overall IPD cases, was observed across
all age groups.”® Specifically, there was a 34% decline in the overall IPD incidence from 16.1 (2000-2006) to 10.6
(2009-10) per 100,000 people.”® Following the replacement of PCV7 with the 13-valent conjugate vaccine in 2010, the
incidence rate further declined to 6.85 per 100,000 in 2013—14 (more than 50% decline in incidence rate since PCV
introduction).” However, IPD cases due to non-PCV13 serotypes increased in children <5 years and adults >45 years.””
Currently, a maintenance 1p+1 schedule is used among infants that is sufficient to provide an appropriate level of
immunity in children and the community.>

Pneumococcal Disease and Immunization: The Iraq Scenario
Iraq is classified as a UMIC with a population of 40 million.*® According to World Bank data for the year 2020, about
3% of the Iragi population is >65 years of age.®*' Around 19% of the adult (>18 years) population is affected by high
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blood pressure, 13% have raised blood glucose levels, and 27% are obese.®? Furthermore, it has been estimated that 29—
31% of the male and 3—4% of the female Iraqi population are active smokers.*®> Such factors place the Iraqi population at
a high risk for developing pneumococcal disease. In fact, an estimated 111,636 total pneumococcal cases occurred in Iraq
in 2015 (Table 2).*> Of these, a majority (79,601) were cases of pneumococcal pneumonia, with 31,294 being severe
incidents. A total of 1954 pneumococcal deaths were reported in 2015, with 1669 caused due to pneumonia (Table 2).*>
Adequate facilities for laboratory diagnosis of pneumococcal infections are not available in Iraq and cases are mostly
diagnosed clinically and treated empirically. Further there is a lack of regular and effective surveillance of pneumococcal
cases in the country which makes it difficult to provide an accurate disease burden data. Thus, these figures may not be an
actual representation of the scenario in Iraq. The pneumococcal conjugate vaccine was universally introduced into the
NIP of Iraq in March 2017 (Table 2) although its actual accessibility in the public sector remains a topic of debate. In
2021, PCV 13 became available in the private market and has been approved only for adults. Table 2 shows that within
the Eastern Mediterranean region, Iraq is one of the last few countries to have incorporated PCV, apart from Tunisia in
2019. The country currently uses the 13-valent PCV with a 3p+0 (3 primary doses at 2, 4, and 6 months of birth) dosing
schedule.” The country has consistently recorded a very low WHO and UNICEF Estimates of National Immunization
Coverage (WUENIC). In 2019, the WUENIC coverage was estimated at 37%, with about 1,077,376 children (data for
2020) remaining unvaccinated (Figure 1).°> In fact, within the Eastern Mediterranean region, Iraq is the only country
(where PCV has been introduced) to have such a low coverage (Table 2). The current PCV vaccination status in Iraq
warrants breaking this inertia in vaccine accessibility and coverage to harness the health, economic, and social benefits of
immunization.

Barriers to Pneumococcal Vaccination in Iraq and Strategies to Overcome Them

Low education levels, lack of disease and vaccine awareness among people as well as health care providers (HCPs),
concerns about side effects, and socioeconomic factors such as health care system delivery challenges have often been
listed as barriers to vaccine acceptance.®®” In 1985, the Expanded Program on Immunization (EPI) was launched in Iraq
with the aim of protecting mothers and children from several infectious diseases. The National Immunization Plan for
2015, jointly prepared with the United States Agency for International Development’s Primary Health Care Project in
Iraq, listed several obstacles hindering the Iraqi EPI’s progress.®® These include: (a) military operations and security
complications, (b) power supply (fuel and electricity) shortage, (¢) competing health priorities, (d) political difficulties
that affect the Ministry of Health (MoH) plans and policies, (e) inadequate communication and coordination between the
MoH and other directorates, (f) ill managed health care systems, (g) deficiencies in monitoring and supervision, (h) issues
with vaccine transport, (i) financial barriers, (j) difficulty in reaching children in high-risk areas, and (k) a rapidly
draining human resource capital for health care. Indeed, despite being a UMIC, the war and conflict situation in Iraq has
led to fluctuations in vaccine coverage and associated disease outbreaks of several vaccine-preventable diseases.® The
displacement of Iraqi people as a result of the war with poor health activities and overcrowding within camps provided
a suitable habitat for the spread of several infectious diseases, including pneumococcal disease. Furthermore, the onset of
the COVID-19 pandemic has strained the health care and immunization systems. According to the WHO, 23 million
children across the globe were not able to get basic childhood vaccinations in 2020.°° This disruption in the immuniza-
tion program leaves children at the risk of developing preventable yet devastating infectious diseases and will also
adversely affect the elderly and high-risk populations due to unmet herd immunity.

Pneumococcal conjugate vaccines are relatively expensive, as they have a complex manufacturing process. The
estimated cost of global vaccinations with PCV is around US $16 billion per year.”' In Iraq, PCV13 costs about US
$18.77 per dose.”> While these vaccines have been introduced in low-income countries at subsidized rates with the
support of the GAVI, governments bear the cost of immunization in MICs from their national health care budgets.
Analyzing the long-term budget implications, potential benefits, and cost-effectiveness of immunization becomes more
crucial in such a scenario. It is documented that 54 of 85 MICs that do not qualify for GAVI support, have reported
a stagnation or reduction in routine immunization levels since 2010.®> As vaccination lags behind, the burden of
unimmunized people is slowly shifting from LICs to MICs.”® Several factors, such as the inefficient allocation of
domestic resources, marginalized communities being ignored, and unstable health care systems, are responsible for such
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a situation.” In this scenario, the MICs need policies to strengthen existing health care systems and improve strategies
for vaccine procurement and regulation. Furthermore, data access and surveillance technologies are crucial to determin-
ing who gets the vaccine and targeting at-risk and indigenous populations. Educating HCPs about the disease and vaccine
is also essential, so that this preventive strategy becomes a priority in the care of high-risk patients. A motivational
message from a community leader may be a strategy to increase awareness about this practice among the general
public.** Social media can also act as a channel for creating awareness around immunization programs.®® It has been
observed that a shared decision-making process involving patient activation, the bidirectional exchange of information,
and bidirectional deliberation is more likely to enhance pneumococcal vaccination rates in adult patients in outpatient
care.”*

Vaccine-related factors such as their cost-effectiveness and affordability are especially relevant in resource-con-
strained countries. The cost-effectiveness of PCV use depends on many factors, including the burden of disease, vaccine
effectiveness, indirect effects, vaccination coverage, vaccine price, delivery costs and schedules.”” The Iragi MoH
recently achieved an annual cost saving of US $70 million by modifying its childhood immunization schedule and
procuring a greater number of vaccines via the United Nations Children’s Fund (UNICEF).**> Such achievements are
crucial to Iraq, where budget fluctuations frequently cause the exhaustion of vaccine stocks and are possible with
transparent policy processes and strong leadership. The annual cost of the old schedule was US $129 million per year,
whereas the new schedule amounts to US $59.7 million per year with PCV13 comprising a staggering 49% of the total
annual cost.”” The cost of vaccines should be set according to what countries can pay. PCV costs are around 8 times
higher in MICs than in countries under GAVI support, although a lot of these MICs do not have commensurately higher
gross national incomes.”® The COVID-19 crisis has worsened the situation for several economies. In Iraq, the combined
impact of the pandemic and the tumbling oil prices has led to an economic crisis with several Iraqis being pushed into
poverty making them more susceptible to diseases due to lack of adequate nutrition and hygiene.”® In this regard, cost-
effective PCV alternatives may be more beneficial for UMICs such as Iraq. Additionally, the accessibility of the vaccine
in the public sector should be ensured so that citizens are able to get free immunizations in a country that is facing
economic challenges. Additionally, support may be taken from UNICEF or GAVI for procuring the vaccine at subsidized
prices. Further, when using higher valent PCV13, a 2p+1 schedule might be more beneficial, considering WHO reports of
higher seropositivity when using this dosage design instead of 3p+0.” Looking at the high pneumococcal disease burden
in Iraq, the higher valent PCVs (PCV15 and PCV20) may be introduced in the country to target the high-risk adults (19—
64 years) and the elderly population (>64 years).

Recently, a Phase III clinical trial (sponsor: Pfizer) was conducted in the USA to study the coadministration of
Prevnar 20® with the Pfizer-BioNTech COVID-19 vaccine in adults >65 years.”” The vaccines were coadministered to
570 adults. Responses produced by the pneumococcal vaccine were similar irrespective of coadministration with the
COVID-19 vaccine or with a placebo. The response to a booster dose of the COVID-19 vaccine was also similar upon
administration with Prevnar 20® or placebo. Such a strategy of coadministration of vaccines can be particularly beneficial
to improving vaccine coverage in adult populations.

Conclusion

The incidence of pneumococcal disease development is determined by several factors, including age, immune status, and the
socioeconomic status of countries. Apart from cost-effective strategies such as sanitation, hygiene and nutrition, immunization
is the most effective public health intervention strategy to prevent pneumococcal disease. In Iraq, the conflict situation is
a major barrier to achieving the overall success of pneumococcal immunization. Overcrowding and poor sanitation practices
in displacement camps provide the perfect setup for disease dissemination. Further, the existing economic crisis and poverty
make people more susceptible to disease and unable to procure the costly PCV vaccine. Thus, ensuring its continued
availability free-of-cost in the public sector is the primary step in controlling pneumococcal disease. Although the country
has had consistently poor WUENIC coverage, the lack of sufficient published pneumococcal literature for this country masks
the actual scenario. In the wake of the raging COVID-19 pandemic, pneumococcal vaccinations have attained a higher level of
significance, since any inflammatory damage caused to the respiratory mucosa by S. preumoniae may also harm the innate

mucociliary mechanism of the lungs, paving the way for invasion by other respiratory pathogens such as coronaviruses.”®
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Thus, remedial measures are essential to improve this lag in pneumococcal vaccine coverage in Iraq. Strategies and policies
for improved surveillance systems and analysis of the surveillance data will aid in efficiently screening, targeting, and
monitoring different sections of the population. Effective surveillance studies will also help to obtain a true picture of the
disease burden in the country, so as to better control pneumococcal dissemination. Strategies and policies for sustainable
vaccine procurement, storage, and delivery systems need to be strengthened. Increasing the PCV vaccine coverage among
children by procuring the vaccine at subsidized rates through GAVI support or opting for low-cost vaccine alternatives may be
beneficial for Iraq, which faces financial obstacles in the health care system. A combined vaccine delivery strategy can be
a good way to improve coverage among the adult population. Policymakers should also address strategies to improve
awareness within the community and among HCPs by giving speeches at public forums, and social media platforms, trainings,
etc., so that there is co-involvement from both the community and HCPs to combat this vaccine-preventable disease.
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