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Abstract

Pneumonia contributes to a substantial burden of disease among children in developing countries. This reality is partly attributed
to the presence of high level of risk factors for acquisition and progression of pneumonia. Specifically, until the recent past, sub-
Saharan Africa (SSA) did not have access to the otherwise available effective vaccines for control of two major causative pathogens
of pneumonia in children. The recent introduction of these vaccines in the routine immunization programs together with increased
scale up of control programs against other childhood infections such as TB, pertussis, and HIV in the context of the raising trend in
the living conditions of people in SSA could result in the reduction of the incidence of childhood pneumonia. This review attempts
to analyze and examine the available WHO and UNICEF resources and repositories of data on estimates from SSA between 1999 and
2016 on the burden of childhood pneumonia prior and after introduction of Hib and pneumococcal conjugate vaccines. Further to
that, collateral dataset on other pneumonia-relevant interventions are closely examined. This analysis provides a bird’s eye view on
the potential areas for investment towards accelerating the achievement of national, regional and global targets through scaling up
of effective interventions.
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Background

The current Global Burden of Disease (GBD) study and UNICEF report on child survival shows a steady decline in under-five child
mortality [1,2]. However, overall child mortality remains substantially high in low income countries particularly those in the sub-Saharan
Africa (SSA). It is estimated that about 50% of under-five deaths are known to occur in this region [1,2]. In children aged above one year,
pneumonia, diarrhoea and malaria are the leading causes of deaths; typically, deaths occur in those who are already weakened by mal-
nutrition and HIV/AIDS. Following multiple interventions, malaria-attributable deaths have drastically declined. Haemophilus influenzae
type b (Hib) and Streptococcus pneumoniae are the major cause of pneumonia, meningitis and sepsis in children globally [3]. Likewise,

few studies conducted in Africa, have reported a similar pattern of pathogens [4-7]. However, with the advent of effective pneumococcal
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and Hib conjugate vaccines, the pattern of pathogens will likely change to the predominance of viral and atypical pathogens [8]. Lack or
low coverage of immunization is the single most important risk factor for childhood death from vaccine-preventable causes in Africa.
This is compounded by lack of well-equipped laboratories, shortage of skilled healthcare workforce and inadequate supply of affordable
medicines and services. Improvement in the global initiatives for child survival through Expanded Programme for Immunization (EPI), in
partnership with Global Alliance for Vaccines and Immunization (GAVI) and Global Action Plan for Pneumonia and Diarrhoea (GAPPD) are
the most cost-effective approaches for reducing these vaccine-preventable deaths [2]. Effective strategies for prevention of pneumonia-

related mortality are critical for achieving Sustainable Development Goals (SDGs).

Epidemiology of pneumonia

Risk factors for pneumonia in Africa

The major bacterial isolates from children with pneumonia are S. pneumoniae and Hib which are collectively responsible for over
60% of cases [3]. In addition to causing pneumonia, both pathogens cause invasive diseases such as septicemia and meningitis in young
children [9,10].

Typically, both S. pneumoniae and Hib respectively express polyribosyl ribitol phosphate and polysaccharide capsular antigens which
resist phagocytosis [7,11,12]. Other pathogenic mechanisms include direct invasion of blood vessels through penetration of the nasopha-
ryngeal epithelium, production of immunoglobulin A (IgA) protease which facilitates attachment to mucosal surfaces and inhibition of
secretory IgA which normally binds bacteria to mucin to facilitate their clearance from the respiratory tract as well as production of pneu-
molysin which perforates and destroy ciliated epithelial cells thereby impairing the normal protection against bacterial invasion [13].
Besides pneumococci and Hib, a range of pathogens such as other uncommon bacteria, viral and atypical organisms, may be responsible
for causing pneumonia in specific hosts and settings. The invasive infection triggers sustained inflammatory perturbation characterized
by heightened generation of detrimental cytokines, free radicals and reactive oxygen species (ROS) which perpetuates pathogenicity and
tissue damage. The combination of all these pathogenic mechanisms in the lower respiratory tract (LRT), results in a protracted acute
inflammatory response that lead to the infiltration and consolidation of the lung parenchyma which eventually causes impairment of

gaseous exchange and hypoxaemia.

A range of host and environmental factors are known to contribute to the increased risk of developing pneumonia. Children with gen-
eral poor health especially in the context of severe under-nutrition and deficiency of critical micronutrients such as vitamin A and zinc
are at greater risk of developing pneumonia. Furthermore, HIV infection and associated immunodeficiency increases the susceptibility
to pneumonia. Thus, in this HIV-infected pediatric population, poor coverage of highly active antiretroviral therapy (HAART) as well as
lack of prophylaxis against Pneumocystis jiroveci with cotrimoxazole (CTX) can potentially increase risk of developing pneumonia [14,15].
Inadvertently, there are increased odds for developing pneumonia in children from low socio-economic status and poor living conditions
characterized by lack of exclusive breast-feeding during early infancy, poor sanitation, lack of access to quality healthcare, as well as poor
housing with inadequate ventilation and exposure to environmental and indoor pollution. Similarly, it is well founded that the risk fac-
tors for childhood pneumonia may be tracked back during pregnancy and early childhood. Thus, factors which have a negative impact on
developmental trajectory of the respiratory system, and those associated with prematurity and low birth weight together with exposure

to early childhood respiratory infections can all have a common final pathway on the increased risk of pneumonia [16].

Burden of pneumonia in Africa

World Health Organization (WHO) estimated pneumonia as the number cause of death in children, accounting for 16% of all deaths
under five years old, killing 920 136 children in 2015 [17]. Over the recent decades, there has been a steady global decline in the major-
ity of cause-specific mortality rates in children. However, the decline of pneumonia-attributable mortality has remained slow from 1.7
million in the year 2000 to the 920 000 in 2015; a significantly slower rate compared to malaria, diarrhea, measles and HIV. The more
recent UNICEF report, estimates pneumonia to account for 18% of deaths among under-fives, killing about 880 000 children in 2016 [18].
Consistently, pneumonia has remained the leading cause of death, with the highest toll in SSA. Likewise, the large proportion of victims
has remained those aged less than 2 years [18]. The current data indicates diarrhea as the second important cause of mortality in chil-
dren in SSA, indicating that integrated interventions targeting risk factors for both pneumonia and diarrhea could potentially serve lives.
The healthcare cost for antibiotic treatment of children with pneumonia is enormous and the majority of countries in SSA do not have

adequate capacity and resources.

Global and regional interventions against pneumonia

Of recent past, through global campaigns, Africa has undertaken multiple intervention programs for improving child survival. These
interventions either directly or indirectly contribute to the control strategies for childhood pneumonia. These interventional programs
include introduction of Hib and pneumococcal conjugate vaccines; increased coverage of BCG for tuberculosis (TB), DPT for pertussis
(and diphtheria, and tetanus) and measles; increased coverage of prevention of mother-to-child transmission (PMTCT) of HIV and wide
coverage of pediatric HAART and care. On the other hand, campaigns for prevention of malnutrition and supplementation for micronutri-

ent as well as strategies for poverty alleviation, all have indirect improvement of child survival.
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It has been clearly demonstrated that the introduction of specific vaccines against S. pneumonia and Hib in high-income countries
has substantially reduced the attributed mortality. The vaccination against these important pathogens has been demonstrated to protect
against colonization, invasion and subsequent LRT infection. For instance, in the UK, the introduction of Hib vaccine in infants reduced the
risk of serious infection from 1:600 to 1: 30,000 by 5 years of age [19]. Thus, introduction of routine Hib and pneumococcal conjugate vac-
cines in Africa is likely to result in a direct reduction of the burden of pneumonia in children [20]. Globally, by 2016, pneumococcal vaccine

was available in 134 countries with the total vaccine coverage estimated at 70%, albeit with great regional variations [21].

Similarly, indirect benefit can be achieved by vaccinations against systemic debilitating diseases or specific respiratory diseases con-
tributing to the impairment of the immunological defense of the respiratory tract. The latter include pulmonary TB, measles, and per-
tussis. For instance, increased coverage of the immunization against TB, measles and pertussis improves the overall health and immune
status of children and their ability to resist LRTI. In addition, HIV infection, through weakening of the immune system, increases the vul-
nerability of children to other infections including TB, pneumonia and diarrhea [14,15]. Thus, strategies geared to increase PMTCT and
HAART coverage have spin-off effects on the pneumonia-related morbidity and mortality in children [14]. Likewise, strategies that aim
to improve the quality obstetric care which targets to prevent low birth weight and prematurity provides newborns with adequate lung
maturity and greater immunological ‘prosperity’ during infancy and childhood. Moreover, indirectly, diarrheal diseases have substantial
impact on overall child health and survival. Thus, introduction of RotaC vaccine together with supplementation with vitamin A and micro-

nutrients such as zinc have been shown to reduce severity and episodes of diarrhea, and the risk of malnutrition in children [22].

Methods

This study was a cross-sectional retrospective survey on the trend of childhood pneumonia in SSA using online resources. The data
included country and regional estimates over the period ranging from 1999 to 2016, purposely selected to include the period prior and

after introduction of key pneumonia-preventive vaccines in Africa.

Data on country-specific and regional estimates on childhood pneumonia were accessed from WHO and UNICEF online repository and
resources [18]. Data included, cause-specific country, regional and global estimates on the burden of pneumonia as well as the immuniza-
tion coverage, paying particular attention on the initial introduction and coverage of Hib and pneumococcal conjugate vaccines. In addi-
tion, other vaccines with indirect protection against pneumonia were also accessed and included in the study. All countries within WHO

Africa region were included in the study. The data were collected and analyzed using standard excel spread sheet.

Results

As highlighted in figure 1, BCG has the highest coverage in Africa, with a plateau at about 80% over the last 10 years. This is followed
by measles and DPT vaccines which have also remained at coverage of slightly less than 70% over the last 10 years. It is also highlighted
that Hib which was initially introduced in Africa in 1999, remained with poor coverage only until 2009, where the coverage increased to
about 70% ever since. The most recent, pneumococcal vaccine, initially introduced in Africa in 2009, has steadily increased to the cover-
age of about 60% in 2016.

Figure 1: Trend of immunization coverage for BCG, MCV1, DPT3, Hib3, and PCV3 vaccine in WHO
Africa region between 1999 and 2016.
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Country-specific coverage of Hib and pneumococcal conjugate vaccines are highlighted in figure 2. Overall, all countries in WHO Africa
region administers vaccinations against Hib albeit with significant variations. Top five countries with the highest Hib and pneumococcal
conjugate vaccines coverage - for over 90% - include Rwanda, Tanzania, Sao Tome and Principe, Eritrea and Botswana. Moreover, nine
countries - Cape Verde, Chad, Comoros, Equatorial Guinea, Gabon, Guinea, Seychelles, Somalia and South Sudan - had not started pneu-

mococcal conjugate vaccination by 2016.

Figure 2: Country-specific coverage of Hib3 and PCV3 vaccines in WHO Africa region.

Global and WHO Africa regional mortality trends due to acute respiratory infection (ARI) between 2000 and 2016 are highlighted in
figure 3. There is a steady decline globally, but the rate of decline is significantly lower in WHO Africa region.

Figure 3: Global and regional estimates of trends of under-five mortality due to ARI between 2000 and 2016.

A steady decline of pneumonia-specific mortality in under-five children over the last 16 years is highlighted in figure 4. It is evident
that there is a decline in overall mortality among under-five and those aged less than one year. The mortality rate has remained constant

or very slowly declining for children aged less than one month.
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Figure 4: Trend of estimates of acute LRTI-attributed death rates per 1000 live births among neonates, infants and
overall under-five children in WHO Africa region.

Discussion

Over the last two decades, great strides have been made globally on the protection, prevention and treatment of children with pneu-
monia. Nevertheless, the burden of childhood pneumonia in SSA has remained enormous. The burden of pneumonia is particularly high
among those aged less than one month indicating either the presence of poorly-defined host factors or unaddressed environmental fac-

tors including altered patterns in pneumonia-causing pathogens.

The slow rate of decline in the burden of pneumonia in SSA is largely attributed to the persistence of the specific risk factors associ-
ated with the likelihood of contracting and developing pneumonia. The most important reason is the late introduction and slow pace of
coverage of Hib and pneumococcal conjugate vaccines in the routine immunization programs in Africa. These vaccines provide the most
cost-effective approach for protection and prevention of severe forms of pneumonia particularly in the context where healthcare disparity
and inequality are prevalent. Thus, the impact of the recently introduced Hib and pneumococcal conjugate vaccines is likely to manifest
over the next few years. This projection is well observed in developed countries, such as the UK, where, for instance, the introduction of

Hib vaccine in infants reduced the risk of serious infection from 1:600 to 1: 30,000 by 5 years of age [19].

The observed significant decline in global burden of pneumonia is additionally attributed to the indirect interventions. In order for
Africa to realize the full impact of protection and prevention of pneumonia, these indirect interventions are critical in providing additional
benefit bearing in mind that there are causative pathogens other than Hib and pneumococci. The first category of indirect interventions
includes scale up of other indirectly protective vaccination programs such as those against TB, measles and pertussis. All these vaccina-
tions are never beyond 80% - too low threshold for adequate to provision of relevant protective herd immunity. Rotavirus is an important
cause of diarrheal diseases in children in Africa and thus, can have profound impact on the dynamics of childhood pneumonia. Thus, the
recent introduction of RotaC vaccine is expected to have positive impact on the reduction of the burden of pneumonia, as projected under
GPPD action plan [17]. The uncontrolled migration and forced mobility of populations across geopolitical systems compounded with

myths and misconceptions regarding vaccination greatly hamper coordinated strategies for achieving immunization targets in Africa.

The second category of interventions having indirect impact on the burden of pneumonia in SSA includes those targeting HIV infection
and care [23]. Africa has the largest proportion of pediatric HIV/AIDS population amid low level of PMTCT services and HAART coverage
[24]. Thus, in order for African countries to speed up the rate of decline of pneumonia, a purposeful focus should be placed on improv-
ing the coverage of PMTCT services and HAART alongside the improvement of general pediatric HIV care including prophylaxis against

Pneumocystis jirovecii using CTX and adequate nutritional support [14,15].

The third category of indirect intervention against pneumonia includes strategies for improvement of the overall child health, nutri-
tional support, micronutrient and vitamin A supplementation, clean water supply and sanitation together with improvement in housing
for reduction of indoor pollution [17,22,25]. Women and young children often spend long hours in the poorly ventilated houses during
preparation of food for the family. Thus, reduction in the exposure to indoor pollution through provision of alternative, clean energy for

cooking and lighting at homes could provide additional protection and prevention against childhood pneumonia [25].
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Conclusions

The burden of childhood pneumonia is declining at slower rates in Africa compared to other regions. The highest burden is recorded
among the infants indicating that specific drivers could be operative in this age category. Specific studies are therefore required to eluci-
date the pathogenic mechanisms and drivers in this age group and suggest better preventive strategies. In order to tackle the burden and
achieve global target of childhood pneumonia, Africa needs to develop, adopt, scale up and accelerate the purposeful programs aiming to
increase coverage of relevant, proven integrated interventions. The strategies should include the expansion of immunization programs,
improvement of living standards and provision of affordable healthcare. Of particular relevance to African setting, the socio-cultural di-

mension centered on health-seeking behavior deserves a special attention.
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