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Abstract 

Background: vaccine preventable diseases have been of global concern. Vaccines are the best 

way for prevention. Studies are showing that there is disparity in efficacy of vaccines, in 

industrialized and in low-middle income countries. Additionally, vaccine related diseases are 

said to be occurring in recent decades. Africa produces less than one percent of vaccines and 

depends on imports. It is important to check how many of these imported vaccines have been 

subjected to clinical trials, to assess efficacy and safety before they are made available to mass 

consumption. This study is aimed to evaluate the vaccine trials conducted up to the end of 2020 

with no start up period limit to inventory the type of trials undertaken in comparison with the 

vaccines that are in routine use in African countries and to assess vaccine effectiveness in 

African settings.  

Methodology: A systematic review and meta-analysis was carried out to assess the vaccine trials 

conducted in the 54 African countries. Eighteen WHO approved registries, 2 immunization 

schedule sites and databases were searched. Data were exported to MS excel and RevMan 

version 5.4 for analysis. 

Result: The largest vaccine trial for disease prevention purpose was seen for malaria with 119 

(21.2%) whereas the lowest was for tetanus with 1 (0.2%) trial. Out of these vaccines, BCG and 

OPV are given in all African countries, whereas vaccines for; Hepatitis A Influenza (for both 

pediatric and adult), MenAC, bOPV, deworming, cholera, DTaP, TdIPV and dtaPHibIP are 

given only in one country each. From the 26 single disease specific vaccine 17 and from 13 

combination vaccines 4 multi-disease vaccines was found to have gone through clinical trial 

which ranges from the lower 1 ( Tetanus) vaccine trial per disease of interest to the highest of 

119 (Malaria) vaccine trials in the single disease specific trials. BCG and OPV given in all 

African countries (100%) attributed to only 55 (15.5 %) and 2 (0.5%) of the trials, respectively, 

whereas Malaria vaccine which is given only in 3 (5.5%) of African countries attributed to 119 

(33.6%) of the trials. In the malaria vaccine trial review, highest efficacy [30%, 95% CI (0.59, 

0.84)] was seen against severe malaria in both children and infants. Whereas, the lowest efficacy 

[20%, 95% CI (0.75, 0.86)] was found to be in 1
st
 episode of malaria in infants. The highest 

efficacy [67%, 95% CI (0.16, 0.66)] was seen in HIV positive adults and the lowest efficacy 

[21%, 95% CI (0.44, 1.42)] was seen in HIV positive infants. The highest efficacy [52%, 95% CI 
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(0.37, 0.61)] of the PCV vaccine was seen against 1
st
 episode of IPD, and the lowest efficacy 

[13%, 95% CI (0.80, 0.96)] was seen against severe Pneumonia in HIV negative individuals. 

Conclusion: The overall efficacy of the three types of vaccines that are included in this review 

was found to be low, and no significant SAEs were found across the vaccines. We found no 

vaccines terminated for futility. Safety data of these studies were mainly acquired from phase 3 

trials not phase 4, we couldn’t assess the safety issues identified from outside of a controlled 

environment i.e., for a long term effect and the issues seen in general populations.   

Key words  

Vaccine trials, Infectious diseases, Malaria, Influenza, Pneumonia, Phase 3, Phase 4, Efficacy, 

Safety, Serious adverse events, Africa 

 

 

 

 

Research Questions 

The systematic review was guided by the following key questions (KQ) and sub-questions: 

KQ1: What vaccine trials have been conducted in Africa so far? 

KQ2:  How does the distribution look like across phases? 

KQ 3: What vaccines are used for routine immunization program in Africa region? 

KQ 4: How many of these vaccines have undergone through clinical trial? 

KQ4a. Are there any vaccines that are terminated for futility? 

KQ 5: What are the top 3 vaccine trials carried out across African countries? 

KQ5a. What efficacious score is collected in the vaccine clinical studies conducted in African 

countries (Phases III–IV)? 

1. Of each efficacy associated with a particular vaccine, what is the pooled effect? 

2. Of each efficacy associated with a particular vaccine, what is the level of vaccine efficacy 

disparity depending on factors (including; study design, age, sex, race/ethnicity, 

underlying medical condition, whether the vaccine is administered individually or in a 

combination vaccine product, the schedule of vaccine administration, and medications 

administered concomitantly)? 
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KQ5b. What AEs or SAEs are reported in the clinical studies conducted in African countries 

(Phases III–IV)? Based on availability of data; 

3. For each SAE associated with a particular vaccine, what is the pooled effect? 

4. For SAEs what is the level of statistically significant associations with a particular 

vaccine and what is the level of certainty? 

5. For each SAE associated with a particular vaccine, what are the risk factors for the AE 

(including age, sex, race/ethnicity, underlying medical condition, the schedule of vaccine 

administration, and medications administered concomitantly)? 

 

 

 



1 
 

Introduction 

1.1 Background 

1.1.1: Description of infectious diseases 

Infectious agents are one of the disease causatives that affect immune system and can result in 

acute, mild or fatal disease in susceptible individuals and may cause an autoimmune response 

through various mechanisms such as molecular mimicry, epitope spreading and polyclonal 

activation (1).These infectious diseases are attributed to, at least 12% of the human pathogens 

(2). Infectious diseases affect both health and economy of the industrialized and non-

industrialized countries through their emerging and re-emerging behavior (3). When infectious 

diseases are pandemic, it may be of a national and international concern of policy makers (4). 

Examples are; outbreaks like, 2019 Novel Coronavirus (2019-nCoV) and Ebola (2). Globally the 

rate of mortality from infectious diseases has declined considerably (5). Given the substantial 

across and within-country i.e. by region and capital, disparities in sanitation and water access (6). 

Furthermore in recent decades the rate of outbreaks is increasing and diseases, such as measles 

and polio are recurring globally due to climate change, vaccination refusal and waning of 

immunity(5, 7). In Africa and Asia, it remains the leading cause of mortality mainly in children < 

5years which is 34-folds higher than that of high-income countries. In 2016, high death rates in 

South Asia (24.8%) and sub-Saharan Africa (SSA, 44.4%) death was recorded (8). In low- and 

middle-income countries the burden of infectious diseases is intensifying (8, 9). Disease like 

influenza and rotavirus, especially in the tropic are endemic(3). In Africa, health had been an 

important aspect of the Millennium Development Goals (MDGs) (10). And, starting from 2015, 

Sustainable Development Goals (SDGs) (11). In the WHO regions, the highest epidemics, 

disasters and public health emergencies are seen in Africa (3).  

 

1.1.2: Description of vaccine 
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Vaccines are suspension of different forms , could be; viral (live or inactivated), viral vector, 

subunit (protein or polysaccharide), nucleic acid (DNA or RNA) or Combination (inactivated, 

protein-based and/or protein-conjugated polysaccharide vaccine components)(12, 13). They 

produce an innate immune response (first line of defense against pathogens that have entered the 

body, within a few hours mostly), which in turn activates an antigen-specific adaptive immune 

response (provides a second line of defense, generally at a later stage of infection). It is 

characterized by an extremely diverse set of lymphocytes and antibodies which recognize and 

eliminate nearly all known pathogens. Each vaccine contains antigens that induce cell-mediated 

immunity by activating highly specific subsets of T lymphocytes and humoral immunity by 

stimulating B lymphocytes to produce specific antibodies. Adaptive immune system establishes 

immunological memory once pathogens are removed. This immunological memory enables 

long-term protection by antibodies generated from memory cells that can rapidly reactivate upon 

subsequent exposure to the same pathogen (14). Vaccine usage and demand differs from one to 

another region depending on several criteria; such as age, location, job, lifestyle, travel schedule, 

health condition and previous vaccinations. In the USA, there are 17 vaccines for routine use and 

9 are used for travel purpose (15). In Europe; there are about 20 vaccines which are regularly 

used (16). Currently, according to WHO there are 47 vaccines. These are either accessible for 

routine use (Available vaccines) to protect from vaccine preventable diseases or pathogens, or 

they are under study (Pipeline vaccines) being supervised by WHO’s Product Development for 

Vaccines Advisory Committee (PDVAC) (17). (See Annex 1 for type of vaccines for VPD)  

 

As such safe and efficacious vaccines are one of the most important and effective public health 

interventions available for combating and containing the spread of infectious diseases (5, 18). 

Vaccines have become a part of multiple national health programs (1). Immunization is one of 

the most impactful and cost-effective public health interventions available (19-21), preventing 

six million deaths each year globally (22). Vaccines are also important, to advance life 

expectancy and achieve economic growth (8, 22). Apart from disease prevention, vaccination is 

at the center of universal health coverage (UHS) initiatives through introduction of communities 

to health system, infrastructural advancement and primary health care establishment. It also; 

brings improvements in health system and efficiency, provide wider economic and social benefit 

with expected profit of US $44, i.e., 44 times for every dollar spent (19, 21) lessening medical 
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expenses at individual and country levels (19, 20). Safety and efficacy of vaccines when assisted 

by religious value can help building  trust in vaccines (23) and when vaccines work alongside 

sanitation and clean water health outcomes get enriched (22).  

 

In limited time, vaccination has enabled several infectious diseases such as, smallpox, 

poliomyelitis, rabies, diphtheria, tetanus, pertussis, Haemophilus influenzae type b disease, 

measles, mumps, and rubella to be contained in many parts of the world (24). Routine 

immunization against diphtheria-pertussis-tetanus (DPT), measles and polio have prevented 

about 2.5 million deaths globally (25). Annually, 2-3 million children are protected by 

vaccination (19, 20, 26). Globally, child mortality has decreased from 65 to 29 per 100,000 

in1990 and 2018 (20). Vaccines are fundamental to avoid child mortality from preventable 

diseases (26). In the United States of America and most part of Europe, 90-99% reduction is 

recorded (25).  Vaccination programs in Africa have also made great progress in maintaining 

health and reducing death (19, 27). The launch of the Expanded Program on Immunization (EPI) 

in 1974 has strengthened it (27). Routine childhood vaccination coverage: such as diphtheria-

tetanus-pertussis (DTP3) increased to 74% in 2016, Measles mortality declined by 85% in 2015, 

Polio and Tetanus are at the brink of eradication. By the end of 2016 more than 260 million 

people in the African Meningitis Belt had been vaccinated with MenAfriVac and new vaccines 

like: hepatitis B, Hemophilus influenzae type b, rotavirus, pneumococcal conjugate, and human 

papillomavirus vaccines among others were introduced (19, 27).  

 

Vaccine development and distribution is supported by the World Health Organization’s (WHO) 

Expanded Program on Immunization (EPI), Global Alliance for Vaccines and Immunization 

(GAVI), United Nations Children’s Fund (UNICEF), the US National Institute of Allergy and 

Infectious Diseases (NIAID), The Bill & Melinda Gates Foundation (BMGF), and the Coalition 

for Epidemic Preparedness Initiative (CEPI) (20, 22, 28). Local manufacturing, could boost 

economy and assure availability of reasonably priced medicines (10). However low income 

countries mainly depend on the GAVI assistance for their vaccines (8). Every year, 1.5 million 

people lose their lives to vaccine preventable diseases globally. In 2019, it was reported about 14 

million children didn’t receive vaccine (26) signifying the deterioration of immunization in many 

countries (19). Furthermore, in Africa even when compared to other developing regions, little is 
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done in pharmaceutical manufactures, especially in vaccines (development and production) and 

biopharmaceuticals leading to higher trade deficit and poor access for the underprivileged (10). 

Approximately 1 in 5 African children do not receive all the necessary and basic vaccines. As a 

result, more than 30 million children under five still suffer from vaccine-preventable diseases 

(VPDs) each year. Over half a million children die from VPDs annually accounting for 58% of 

global VPD-related deaths (19).  Globally, 45–50% of severe morbidity and mortalities from 

leading vaccine-preventable diseases are experienced by the 25% of the annual global births of 

sub-Saharan Africa (29).  

 

 

Vaccines are usually administered to healthy individuals to prevent their target diseases so they 

undergo extensive safety and efficacy studies pre licensing. Naturally, higher standard of safety 

are taken, than medicinal products used to treat ill patients because inadequacy of vaccines 

capacity can result in luck of trust in communities which could lead to outbreaks (18). Safe and 

efficacious vaccine production is the leading innovation of this century to fight against morbidity 

and mortality from infectious diseases (8, 22, 23). Efficacy and safety of new entities is produced 

through clinical researches so the appropriateness of participants is crucial (30). On the other 

hand, there is growing indication that efficacious results of randomized clinical trials (RCT)  

may not be applicable to all health settings, because treatment outcomes may not be similar to all 

subjects across the globe (31). 

 

1.1.3: Importance of study design for vaccine trials 

 

Design and the outcome of the study to be measured affect the strength of the evidence (32). As 

such, outcome of a trial is greatly dependent on the trial design used. Hence, an in-depth 

designing is vital in order to address the hypothesis made properly with the intended power 

(33).Appropriate designing enables to address issues such as bias, confounders and chance 

through; proper sample size estimation, pre specified hypothesis, concealed randomization, 

equitable treatment or blinding and analysis plan (the use of intention to treat i.e. including all 
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participants that were enrolled for the study or per protocol analysis i.e. including only those who 

have finished the study) (34). 

 

A trial may be unbiased but could deliver significance only to those who participated in the 

study, lacking generalizability (35). RCTs inapplicability could be minimized through a 

collaborative research design called multicenter trial. It renders higher sample recruitment 

capability (of different ethnicity or country) and outcome comparison to assess generalizability 

when compared to single center studies because it enables recruitment of participant with 

different background. It also enables sharing of ideas, resources and new knowledge, peer 

reviewed publication for learning purpose and funding opportunity so that health care could be 

enhanced (36-38). Presence of  well and variety understanding of network members through 

continuous and planned communication also helps with protocol design and implementation 

allowing for groups to develop consensus-derived, well-informed, timely, and 

relevant research agendas to guide network projects (38).  

 

Stimulated response of an individual upon drug (vaccine) administration may be determined by 

several factors, for immune arbitrated diseases is a result of diverse foundations.  These include; 

environmental, genetic, hormonal and immune which is termed as the mosaic of autoimmunity 

as a whole (1). According to a review of 167 new molecular entities approved by the Food and 

Drug Administration (FDA) between 2008 and 2013, about 1 in 5 showed disparity in exposure 

response across races (30). The overall vaccine efficacies have also happened to vary upon the 

burden of rate of infectious diseases(39).  

 

1.1.4:  Global level of response towards vaccine 

 

Clinical trials have demonstrated different levels of efficacy in countries with different income 

and mortality levels. Among other factors, these national level differences may be explained by 

variability in exposure to other environmental enteric pathogens. Studies have shown that there is 

inconsistency in vaccine responses in different regions (among developed regions vs. Africa and 

also other developing regions vs. Africa) (18). it is possible that there would also be disparities in 
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vaccine efficacy at the country level mainly affecting minorities (6).Oral vaccines such as polio 

and cholera are found to be less effective in low-income countries which could be attributed to 

different factors such as; co infection, concomitant administration and several other unknown 

factors (39).  

 

Vaccines have reduced the burden of infectious diseases in the past, leading to the eradication of 

small pox and significantly limiting diseases such as polio, tetanus, diphtheria, and measles. 

However, established methods may not always be suitable. Live attenuated vaccines generally 

bear the risk of reversion, rendering this approach unfavorable for highly pathogenic agents. On 

the other hand inactivation may not induce protective responses, as is the case for Ebola or can 

even lead to undesired effects, like formalin-inactivated RSV (respiratory syncytial virus) that 

induced exacerbated disease upon wild type RSV infection in clinical trials in the 1960s (40). 

Many oral vaccines are less effective in developing countries(41) as a result of poor socio-

economic factors, lack of sanitation and clean water(7) These include Sabin polio vaccine, 

rotavirus vaccines, CVD 103-HgR live cholera vaccine 4144, B subunit-inactivated Vibrio 

cholera whole cell combination vaccine and SC602 live Shigella flexneri 2a vaccine. Moreover, 

the phenomenon has been observed in all age groups, from young infants to adults. Early studies 

with OPV, RIT 4237 rotavirus vaccine, tetravalent rhesus reasserting rotavirus vaccine at the 

10
4
 plaque forming unit dosage level and other candidate rotavirus vaccine strains indicated a 

barrier to oral immunization. Two new rotavirus vaccines, Rotarix, the monovalent human G1P 

strain attenuated by multiple passages in tissue culture, and Rotateq, a pentavalent vaccine based 

on reassortant bovine rotavirus expressing human rotavirus surface proteins G1 to 4 and P, have 

been shown to be safe, immunogenic and highly protective against severe rotavirus 

gastroenteritis in large-scale, placebo-controlled efficacy trials in infants in North America, 

Europe and South America. However, when tested in efficacy trials in Africa and Asia, these two 

vaccines showed much lower efficacy (41). Rotarix and RotaTeq, rotavirus vaccines are found to 

be less efficacious which may be due to difference in strains that is seen in Africa. However 

ROTAVAC vaccine with similar effectiveness with that of Rotarix and RotaTeq used in India, 

for strain same as that of Africa showed less vaccine induced immunity especially in sub-

Saharan countries (39). In a research reported based on different studies, one study showed a 

vaccine trial conducted in the slums of Dhaka (Bangladesh) results showed, introduction of 
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individual vaccines against enteric infections may not be sufficient. Another study on a rotavirus 

vaccine trial for infants conducted in urban Dhaka slums (31%) (i.e., two doses of the oral 

vaccine Rotarix at 10 and 17 weeks) and (28%) in local site which is so much lower than in 

industrialized settings. Another study of 2 years follow up oral cholera vaccine (OCV) trial (i.e., 

two doses of the bivalent whole-cell inactivated vaccine) was 53% effective against severely 

dehydrating cholera 2 years after vaccination, but the vaccine efficacy was only 16% for children 

under 5 years of age(42). 

 

Similarly, immunogenicity and efficacy of oral vaccines was found to be impaired in low-income 

countries that have high prevalence of enteric disease (43). A Rotarix of 1-year protective 

efficacy >95% against severe rotavirus gastroenteritis (RVGE) in European infants showed < 

50% efficacy in Malawi (44, 45). Live-attenuated oral cholera vaccines and oral poliovirus 

vaccine (OPV) showed similar effect. OPVs lack of sufficiency in efficacy has resulted in 

poliovirus transmission in several countries, delaying global eradication. A study on one live-

attenuated Shigella vaccine candidate which was reactogenic and immunogenic in North-

American adults, induced no adverse reactions or a serological response in Bangladesh (43). 

Poor immunogenicity was also seen in oral-killed cholera vaccine among children in Nicaragua 

(Central America) compared with Sweden (46). In a 2 year follow up study for severe RVGE 

lower efficacy of rotavirus vaccine was observed in Africa (Ghana, Kenya and Mali) Infants who 

were underweight (weight for age Z score < −2) when compared with infants who were not 

underweight. Also 1 year of follow-up study males had significantly higher vaccine efficacy  

when compared with females whereas in Asia (Bangladesh and Vietnam), this effect was 

reversed (47). In another double-blind, placebo-controlled trial in;, Ghana, Kenya, and Mali, the 

efficacy of the RotaTeq vaccine against severe RVGE was 39.3% (95% CI, 19.1 to 54.7) (48). In 

a similar trial in South Africa and Malawi, the efficacy of the Rotarix vaccine was 61.2% (95% 

CI, 44.0 to 73.2) (45). In Niger severe disease prevalent area, vaccine efficacy was 66.7% which 

was higher than the less prevalent countries but lower than rotavirus (80.5 to 90.4%) vaccines 

efficacy seen among Europe and Latin America children (49).  

 

Cholera and live Shigella flexneri vaccine immunogenicity have shown disparity based on study 

population. Protection of live recombinant oral cholera vaccine CVD 103-HgR, Rotavirus 
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vaccines and OPVs were found to be low in children of developing countries and poor regions 

like Africa and India. Despite high immunization coverage OPV remained to have low efficacy 

in northern Indian states of Uttar Pradesh and Bihar. Similarly, the efficacy of oral rotavirus 

vaccines was almost 50% lower in some developing world countries. Trivalent OPV (50–90%) 

was also found to be less effective than IPV (>90%) in inducing systemic immunity in 

developing countries. The per-dose efficacy of trivalent OPV in Europe and North America was 

greater than 50%, but only 21% in most of India and only 9% in Uttar Pradesh (India). An 

evaluation of Rotarix demonstrated a wide degree of variation across the sites, with approximate 

protection against severe rotavirus diarrhea of 50% in Malawi, 77% in South Africa, 85% in 

Latin America and 96% in Europe (45). Rotavirus vaccine efficacy in Bangladesh, Ghana, India, 

Kenya and Mali was also lower. A similar phenomenon was seen when the efficacy of RotaTeq 

was examined in Nicaragua, with 58%  full dose efficacy in severe Rota viral diarrhea but in 

Finland and the US, it was between 84% and 100% (50). Another study revealed that RV5 and 

RV1 were highly effective in industrialized countries with 90% minimum protection against 

severe RVGE and 74% minimum protection against rotavirus gastroenteritis of any severity. 

however, in Africa and Asia the efficacy of the 2 vaccines ranged from 56% to 64% in protecting 

against severe rotavirus gastroenteritis (51). 

 

 Like drugs, vaccines can also cause adverse events are also associated with adverse events. 

Usually the described adverse events are transient and acute, but may rarely present with 

hypersensitivity and induction of autoimmunity that may be severe and fatal (1). Vaccines in use 

of controlling and eradicating infectious diseases that resulted in adverse event >1 per 10,000 in 

controlled environment is raising safety issues when used widely as a result of limited size and 

scope of pre-licensure studies So, extensive post- licensure monitoring and evaluation is also 

required to identify the safety concerns (18). And malaria, influenza and pneumococcal vaccines 

are some of vaccines that are under routine use in African health settings as part of routine 

immunization program. 

 

Development of an effective malaria vaccine is one of public health priority and plays an 

important role in reducing morbidity and mortality (52-57). But the demand for highly 

efficacious malaria vaccines isn’t met (57). And after 100 years of research a new vaccine for 
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parasite has been developed (58) The RTS,S/AS01 is a malaria vaccine formulated either with 

AS01 or AS02 adjuvant system (AS) that targets the pre-erythrocytic stage of the Plasmodium 

falciparum parasite (52, 54, 55, 58-62). It is a hybrid molecule recombinant expressed in yeast, in 

which the central tandem repeat and carboxyl-terminal region of the circum-sporozoite protein 

are fused to the N-terminal of the Surface antigen of the Hepatitis B virus, creating a particle that 

also includes the unfused S-antigen (58, 60, 63). Vaccine is an efficient and feasible strategy to 

reduce the burden of malaria in endemic regions (63) and has proven efficacy in clinical trials 

against clinical and severe malaria morbidity and mortality in African children (62). 

 

Vaccination against seasonal influenza is recommended routinely for individuals aged over 65 

years in many countries (64). Antenatal maternal immunization with influenza vaccine can 

prevent influenza illness in the mother and her infant in the first few months of life reducing 

morbidity and mortality since there is no vaccine for infants less than 6 month of age, it can also 

provide benefits to the fetus (65, 66). Especially in low- and middle-income countries, 

vaccination of children could protect them and reduce the probability of infecting their contacts 

(67).  

 

Prevention of pneumococcal disease is a major, international public health priority due to high 

coverage of morbidity and mortality especially in children in developing countries (68-71). 

Pneumococcal conjugate vaccines (PCVs) are key measures in preventing and reducing 

pneumococcal infections, including childhood pneumonia (72, 73). A pneumococcal conjugate 

vaccine (PCV) containing S. pneumoniae serotypes, is highly effective in preventing IPD in 

infants and young children (68, 74). Vaccine-type IPD have been reduced by more than 75% 

among young children in which Reduction has been seen in the unvaccinated children and adults 

due to transmission interruption (74-76).  

 

1.2. Problem statement 

The magnitude may differ from one to another but infectious diseases remain the main concern 

globally and now even more so, as we are battling the Covid-19 pandemic. Many of these 

vaccine preventable diseases are only seen in low-income countries. Africa is one of the regions 

which are at constant threat of communicable diseases. Especially in sub-Saharan countries the 
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highest morbidity and mortality is attributed to vaccine preventable infectious diseases. 

Efficacious and effective i.e., vaccines that work well in controlled conditions and in the real 

world are found to be the best approach to fight against these VPDs. However, low-income 

countries are dependent on NGOs like UNICEF, GAVI and WHO for their vaccine supplies 

which will continue up until graduation. Most of these vaccines are produced outside these 

countries. Different studies have shown that, only about one percent of the continent’s 

requirement is produced locally.  Furthermore, since vaccine development and production is not 

carried out locally, due to many known and unknown confounding factors vaccine efficacy is 

being undermined when they reach the highly infected region of Africa. Hence, vaccines are 

displaying the lowest efficacy in Africa. For instance, since the declaration of its eradication in 

2015 and the stoppage of OPV2, resurgence has been reported in different countries which are 

vaccine-derived. In August 2020, WHO reports showed that thirteen new cases of vaccine-

derived poliovirus type 2 (cVDPV2) have been confirmed in Cameron, Sudan and Chad posing a 

new threat (77). So, it is important to check how many of these vaccines are tested, how much 

protection is being brought about from these imported vaccines and what is the weight of SAEs, 

by conducting clinical trials locally. 

1.3. Justification 

Clinical trial plays a substantial role in assuring the health of human kind. Currently, there are 

many types of trial that are carried out or are under trial to safe-guard the human well-being and 

vaccine clinical trial is one of them. At present vaccine clinical trials conducted in Africa mainly 

revolves around evaluating the clinical aspects of the vaccine at setting level as the production 

capacity is almost negligible. Vaccines before being allowed to be used in communities with 

living condition below a poverty line and political unrest the following questions need to be 

asked; how many undergo clinical trials prior to usage?, how many of the imported vaccines pass 

through clinical trial before they are distributed for human use?, do the trials begin from early 

stage or not?, are there any vaccine trials terminated for futility?, are the trials inclusive, are the 

vaccines safe?, are they efficacious enough?, etc. If the preventive measure which is rarely prone 

to resistance becomes the cause of an illness it does trigger a question as to why it could have 

happened. The question is for how long is a region like Africa going to depend on 

pharmaceutical companies of industrialized countries which may or may not be able to address 
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all the issues. Solid evidence is required to determine what confounding factors, are affecting the 

efficacy and safety of the vaccines.  

This study was carried out to assess, primarily; how many vaccine trials have been conducted for 

preventive purpose to see how many of the vaccines that are in use (for routine immunization), in 

African countries have been tasted in clinical trial. And secondly based on the finding from the 

clinical trial registries the top three vaccine types i.e. based on how many countries have tested 

these disease specific vaccines was included in extended SR/MA so that it could give us a more 

generalizable outcome. These vaccine clinical trials conducted across Africa were analyzed 

through meta-analysis to assess the efficacy of the vaccines and presence of serious adverse 

events (SAEs).   

 

1.4. Objective 

1.4.1. General objective 

 To assess the vaccine trials conducted in Africa, identify top 3 disease specific vaccine 

types as per of routine vaccination and examine their efficacy and safety.  

1.4.2. Specific objectives 

 To examine and describe vaccine trials conducted in Africa; 

 Identify the phases of vaccine trials conducted in Africa 

  Identify vaccines that are in use for routine immunization in African countries;    

 To estimate efficacy of vaccines and assess presence of SAEs; and  

 To assess the potential determinants.  

Method 

2.1. Study design 

A systematic review and meta-analysis design was employed as per the Cochrane guideline to 

scrutinize vaccine-clinical trials conducted in Africa until December 2020 with no start date 

limit. A protocol to undergo this study was registered in Prospero (CRD42020212282). 

While reviewing the studies; 
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A systematic electronic search was carried out in studies published in English language until 

the end of 2020. 

1. Vaccine clinical trials was searched on the database of the WHO approved registries of the 

International Clinical Trials Registry Platform (ICTRP) which comprises:- Australian New 

Zealand Clinical Trials Registry (ANZCTR), Brazilian Clinical Trials Registry (ReBec), 

Chinese Clinical Trial Register (ChiCTR), Clinical Research Information Service (CRiS), 

Republic of Korea, ClinicalTrials.gov, Clinical Trials Registry - India (CTRI), Cuban Public 

Registry of Clinical Trials (RPCEC), EU Clinical Trials Register (EU-CTR), German Clinical 

Trials Register (DRKS), Iranian Registry of Clinical Trials (IRCT), ISRCTN, Japan Primary 

Registries Network (JPRN), Pan African Clinical Trial Registry (PACTR), Peruvian Clinical 

Trials Registry (REPEC), Sri Lanka Clinical Trials Registry (SLCTR), Thai Clinical Trials 

Register (TCTR), The Netherlands National Trial Register (NTR) and network member 

Lebanese Clinical Trials Registry (LBCTR) in order to identify the type of vaccine trials 

carried out in African countries and  to select the vaccine types which are included for further 

analysis. 

2. WHO immunization schedule and the South African sites were used to get list of vaccines 

that are under routine use (78, 79).  

3. After the selection of target vaccine types, for published papers databases like; PubMed, 

science open, BASE, and www.ct.gov were used as a source. Google Scholar, Medline Plus, 

Cochrane and others were used as a source for relevant articles. For completed unpublished 

papers request was made and only one study in the vaccine/disease of interest was acquired 

from other data base but was excluded due to outcome difference. Reference list of related 

studies also used additional data. 

 

2.2. Search terms 

Step one; 

Search terms for vaccine trials conducted in Africa 

(Preventive clinical trials or clinical trials or vaccine trials in; 

Africa or Cape Verde or South Sudan or Sao Tome & Prince or Seychelles or Djibouti or 

Namibia or Equatorial guinea or Eritrea or Mauritania or Central African Republic or Chad or 

Togo or Libyan Arab Jamahiriya or Angola or Burundi or Lesotho or Liberia or Madagascar or 
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Somalia or Swaziland or Eswatini or Niger or Guinea or Sierra Leone or Mauritius or Congo or 

Benin or Guinea Bissau or Gabon or Côte d'Ivoire or Ivory Coast or Sudan or Senegal or Congo, 

the democratic of republic or Botswana or Mozambique or Rwanda or Gambia or Cameroon or 

Mali or Algeria or Morocco or Burkina Faso or Zimbabwe or Ethiopia or Ghana or Zambia or 

Malawi or Tanzania or Tunisia or Nigeria or Uganda or Kenya or Egypt or South Africa or 

Comoros).  

Step two; 

Search terms for vaccines that are part of the routine immunization program in Africa.  

Immunization or immunization schedule or vaccination in; 

(Africa or Cape Verde or South Sudan or Sao Tome & Prince or Seychelles or Djibouti or 

Namibia or Equatorial guinea or Eritrea or Mauritania or Central African Republic or Chad or 

Togo or Libyan; Arab Jamahiriya or Angola or Burundi or Lesotho or Liberia or Madagascar or 

Somalia or Swaziland or Eswatini or Niger or Guinea or Sierra Leone or Mauritius or Congo or 

Benin or Guinea Bissau or Gabon or Côte d'Ivoire or Ivory Coast or Sudan or Senegal or Congo, 

the democratic of republic or Botswana or Mozambique or Rwanda or Gambia or Cameroon or 

Mali or Algeria or Morocco or Burkina Faso or Zimbabwe or Ethiopia or Ghana or Zambia or 

Malawi or Tanzania or Tunisia or Nigeria or Uganda or Kenya or Egypt or South Africa or 

Comoros). 

Step three; 

Further search terms added based on the preliminary results are Malaria, Influenza and 

Pneumonia. 

These three disease specific vaccines were selected not based on the highest number of trials but, 

the number of countries that have conducted the specific vaccine irrespective of the phase of the 

vaccine trial or the type of vaccine (whether it is part of the routine immunization program or 

not). 1
st
, Malaria vaccine was found to have been conducted across 14 counties (Tanzania, 

Mozambique, Malawi, Ghana, Kenya, Guinea, Gabon, Nigeria, Gambia, Burkina Faso, Uganda, 

Senegal, Mali and Benin), 2
nd

 Influenza vaccine was found to have been conducted in 11 

countries (Cameroon, Kenya, Mozambique, Nigeria, Sudan, Uganda, Zambia, Mali, South 

Africa, Senegal and Gambia ) and 3
rd

 was Pneumonia vaccine which was conducted in 10 

countries (Gambia, Kenia, Burkina Faso, Malawi, Mali, Nigeria, South Africa, Egypt, Uganda 
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and Cote devour ), So these three vaccines were selected and included in this SR/MA and 

assessed individually. 

("Malaria vaccines"[Mesh]) AND ( "Congo"[Mesh] OR "Guinea-Bissau"[Mesh] OR 

"Democratic Republic of the Congo"[Mesh] OR "Cote d'Ivoire"[Mesh] OR "Equatorial 

Guinea"[Mesh] OR "Eritrea"[Mesh] OR "Comoros"[Mesh] OR "Guinea"[Mesh] OR 

"Djibouti"[Mesh] OR "Zimbabwe"[Mesh] OR "Zambia"[Mesh] OR "Uganda"[Mesh] OR 

"Tunisia"[Mesh] OR "Togo"[Mesh] OR "Tanzania"[Mesh] OR "Sudan"[Mesh] OR "South 

Africa"[Mesh] OR "Somalia"[Mesh] OR "Sierra Leone"[Mesh] OR "Seychelles"[Mesh] OR 

"Senegal"[Mesh] OR "Rwanda"[Mesh] OR "Nigeria"[Mesh] OR "Niger"[Mesh] OR 

"Namibia"[Mesh] OR "Mozambique"[Mesh] OR "Morocco"[Mesh] OR "Mauritius"[Mesh] OR 

"Mauritania"[Mesh] OR "Mali"[Mesh] OR "Malawi"[Mesh] OR "Madagascar"[Mesh] OR 

"Liberia"[Mesh] OR "Lesotho"[Mesh] OR "Kenya"[Mesh] OR "Ghana"[Mesh] OR 

"Gambia"[Mesh] OR "Gabon"[Mesh] OR "Ethiopia"[Mesh] OR "Egypt"[Mesh] OR 

"Chad"[Mesh] OR "Central African Republic"[Mesh] OR "Cameroon"[Mesh] OR 

"Burundi"[Mesh] OR "Burkina Faso"[Mesh] OR "Botswana"[Mesh] OR "Benin"[Mesh] OR 

"Angola"[Mesh] OR "Algeria"[Mesh] OR "Eswatini"[Mesh] OR "Libya"[Mesh] OR "Egypt, 

Ancient"[Mesh] OR "South Sudan"[Mesh] ) 

((((malaria vaccines [Mesh Terms]) OR (RTS, S [Mesh Terms])) OR (malaria vaccine efficacy 

[Mesh Terms])) OR (malaria vaccines safety [Mesh Terms])) OR ( "malaria Vaccines/adverse 

effects"[Mesh] OR  "malaria Vaccines/therapeutic use"[Mesh] ))AND (Africa or Cape Verde or 

South Sudan or Sao Tome & Prince or Seychelles or Djibouti or Namibia or Equatorial guinea or 

Eritrea or Mauritania or Central African Republic or Chad or Togo or Libyan Arab Jamahiriya or 

Angola or Burundi or Lesotho or Liberia or Madagascar or Somalia or Swaziland or Eswatini or 

Niger or Guinea or Sierra Leone or Mauritius or Congo or Benin or Guinea Bissau or Gabon or 

Côte d'Ivoire or Ivory Coast or Sudan or Senegal or Congo, the democratic of republic or 

Botswana or Mozambique or Rwanda or Gambia or Cameroon or Mali or Algeria or Morocco or 

Burkina Faso or Zimbabwe or Ethiopia or Ghana or Zambia or Malawi or Tanzania or Tunisia or 

Nigeria or Uganda or Kenya or Egypt or South Africa or Comoros [Mesh Terms]) 

 

("Influenza vaccines"[Mesh]) AND ( "Congo"[Mesh] OR "Guinea-Bissau"[Mesh] OR 

"Democratic Republic of the Congo"[Mesh] OR "Cote d'Ivoire"[Mesh] OR "Equatorial 
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Guinea"[Mesh] OR "Eritrea"[Mesh] OR "Comoros"[Mesh] OR "Guinea"[Mesh] OR 

"Djibouti"[Mesh] OR "Zimbabwe"[Mesh] OR "Zambia"[Mesh] OR "Uganda"[Mesh] OR 

"Tunisia"[Mesh] OR "Togo"[Mesh] OR "Tanzania"[Mesh] OR "Sudan"[Mesh] OR "South 

Africa"[Mesh] OR "Somalia"[Mesh] OR "Sierra Leone"[Mesh] OR "Seychelles"[Mesh] OR 

"Senegal"[Mesh] OR "Rwanda"[Mesh] OR "Nigeria"[Mesh] OR "Niger"[Mesh] OR 

"Namibia"[Mesh] OR "Mozambique"[Mesh] OR "Morocco"[Mesh] OR "Mauritius"[Mesh] OR 

"Mauritania"[Mesh] OR "Mali"[Mesh] OR "Malawi"[Mesh] OR "Madagascar"[Mesh] OR 

"Liberia"[Mesh] OR "Lesotho"[Mesh] OR "Kenya"[Mesh] OR "Ghana"[Mesh] OR 

"Gambia"[Mesh] OR "Gabon"[Mesh] OR "Ethiopia"[Mesh] OR "Egypt"[Mesh] OR 

"Chad"[Mesh] OR "Central African Republic"[Mesh] OR "Cameroon"[Mesh] OR 

"Burundi"[Mesh] OR "Burkina Faso"[Mesh] OR "Botswana"[Mesh] OR "Benin"[Mesh] OR 

"Angola"[Mesh] OR "Algeria"[Mesh] OR "Eswatini"[Mesh] OR "Libya"[Mesh] OR "Egypt, 

Ancient"[Mesh] OR "South Sudan"[Mesh] ) 

 

((((Influenza vaccines [Mesh Terms]) OR (Influenza [Mesh Terms])) OR (Influenza vaccine 

efficacy [Mesh Terms])) OR (Influenza vaccines safety [Mesh Terms])) OR ( " Influenza 

Vaccines/adverse effects"[Mesh] OR  " Influenza Vaccines/therapeutic use"[Mesh] ))AND 

(Africa or Cape Verde or South Sudan or Sao Tome & Prince or Seychelles or Djibouti or 

Namibia or Equatorial guinea or Eritrea or Mauritania or Central African Republic or Chad or 

Togo or Libyan Arab Jamahiriya or Angola or Burundi or Lesotho or Liberia or Madagascar or 

Somalia or Swaziland or Eswatini or Niger or Guinea or Sierra Leone or Mauritius or Congo or 

Benin or Guinea Bissau or Gabon or Côte d'Ivoire or Ivory Coast or Sudan or Senegal or Congo, 

the democratic of republic or Botswana or Mozambique or Rwanda or Gambia or Cameroon or 

Mali or Algeria or Morocco or Burkina Faso or Zimbabwe or Ethiopia or Ghana or Zambia or 

Malawi or Tanzania or Tunisia or Nigeria or Uganda or Kenya or Egypt or South Africa or 

Comoros [Mesh Terms]) 

("Pneumococcal vaccines"[Mesh]) AND ( "Congo"[Mesh] OR "Guinea-Bissau"[Mesh] OR 

"Democratic Republic of the Congo"[Mesh] OR "Cote d'Ivoire"[Mesh] OR "Equatorial 

Guinea"[Mesh] OR "Eritrea"[Mesh] OR "Comoros"[Mesh] OR "Guinea"[Mesh] OR 

"Djibouti"[Mesh] OR "Zimbabwe"[Mesh] OR "Zambia"[Mesh] OR "Uganda"[Mesh] OR 

"Tunisia"[Mesh] OR "Togo"[Mesh] OR "Tanzania"[Mesh] OR "Sudan"[Mesh] OR "South 
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Africa"[Mesh] OR "Somalia"[Mesh] OR "Sierra Leone"[Mesh] OR "Seychelles"[Mesh] OR 

"Senegal"[Mesh] OR "Rwanda"[Mesh] OR "Nigeria"[Mesh] OR "Niger"[Mesh] OR 

"Namibia"[Mesh] OR "Mozambique"[Mesh] OR "Morocco"[Mesh] OR "Mauritius"[Mesh] OR 

"Mauritania"[Mesh] OR "Mali"[Mesh] OR "Malawi"[Mesh] OR "Madagascar"[Mesh] OR 

"Liberia"[Mesh] OR "Lesotho"[Mesh] OR "Kenya"[Mesh] OR "Ghana"[Mesh] OR 

"Gambia"[Mesh] OR "Gabon"[Mesh] OR "Ethiopia"[Mesh] OR "Egypt"[Mesh] OR 

"Chad"[Mesh] OR "Central African Republic"[Mesh] OR "Cameroon"[Mesh] OR 

"Burundi"[Mesh] OR "Burkina Faso"[Mesh] OR "Botswana"[Mesh] OR "Benin"[Mesh] OR 

"Angola"[Mesh] OR "Algeria"[Mesh] OR "Eswatini"[Mesh] OR "Libya"[Mesh] OR "Egypt, 

Ancient"[Mesh] OR "South Sudan"[Mesh] ) 

((((Pneumococcal vaccines [Mesh Terms]) OR (PCV [Mesh Terms])) OR (Pneumococcal 

vaccine efficacy [Mesh Terms])) OR (Pneumococcal vaccines safety [Mesh Terms])) OR ( " 

Pneumococcal Vaccines/adverse effects"[Mesh] OR  "Pneumococcal Vaccines/therapeutic 

use"[Mesh] ))AND (Africa or Cape Verde or South Sudan or Sao Tome & Prince or Seychelles 

or Djibouti or Namibia or Equatorial guinea or Eritrea or Mauritania or Central African Republic 

or Chad or Togo or Libyan Arab Jamahiriya or Angola or Burundi or Lesotho or Liberia or 

Madagascar or Somalia or Swaziland or Eswatini or Niger or Guinea or Sierra Leone or 

Mauritius or Congo or Benin or Guinea Bissau or Gabon or Côte d'Ivoire or Ivory Coast or 

Sudan or Senegal or Congo, the democratic of republic or Botswana or Mozambique or Rwanda 

or Gambia or Cameroon or Mali or Algeria or Morocco or Burkina Faso or Zimbabwe or 

Ethiopia or Ghana or Zambia or Malawi or Tanzania or Tunisia or Nigeria or Uganda or Kenya 

or Egypt or South Africa or Comoros [Mesh Terms]) 

2.3. Data extraction (selection and coding) 

ENDNOTE software version X9 and Zotero was used for citation and importing of the research 

articles from the electronic databases. Two authors independently selected studies based on the 

inclusion and exclusion criteria. Data extraction form was developed which comprises:- 

1. Detail of search: title, year of publication, study design, study period, country where trial was 

conducted and any differences among reviewers was resolved by discussion. 

2. Characteristics of the trial for descriptive analysis: vaccine trials conducted in Africa.  

3. Characteristics of the trial for SR/MA: completed or terminated due to an early success, 

available result.  
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4. Target conditions: vaccine trials conducted in Africa to address infectious disease. 

Studies of the top 3 vaccine type trials, conducted across African countries for vaccine 

prevention of infectious diseases were selected for final analysis based on; intervention vs. 

placebo or other approved vaccine. Disagreements were solved through discussion and third 

person view. The screening and selection process is reported in a PRISMA flow chart (80).  

2.4. Study population 

All vaccine trials conducted for prevention purpose in African countries were included. 

2.5. Study period 

This Thesis was undertaken from 20
th

 of April to 7
th

 of August of 2021.   

2.6. Inclusion and exclusion criteria 

2.6.1. Inclusion criteria 

 Articles published in English language on vaccine trials carried out for prevention 

purpose in Africa 

 Articles on both qualitative and quantitative studies of human vaccine trials conducted in 

Africa were included, i.e., the top three vaccine types, completed or terminated due to an 

early success, phase three and phase four trials with placebo or other standard care 

comparator vaccine trials  

2.6.2. Exclusion criteria 

 Articles on vaccine trials not part of routine immunization; 

 Articles on single arm studies; 

 Articles on Comparative studies; and  

 Articles on trials done for other indications  

2.7. Outcome(s) 

Primary outcome: Estimate efficacy of Vaccine trials shown in terms of protection   

Secondary outcome: Assess serious adverse events (SAEs) of the vaccines 
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2.8. Risk of bias (quality) assessment 

Data were extracted by two independent reviewers; with an inter-rater agreement, discrepancies 

were determined through discussion and also third reviewer’s opinion. Extracted data included 

the type of trial, phase of the trial, vaccines as per disease of interest, year of undertaking and 

country where it was done. The methodological quality (sequence generation; allocation 

concealment; blinding, incomplete outcome data; selective outcome reporting and other bias of 

the included study) was assessed and graded using Cochrane risk of bias assessment tool (80).  

2.9. Strategy for data synthesis 

We searched the data bases of the registries and the registered record of the studies; i.e., .xml, 

.csv, .txt was downloaded and exported or entered manually to excel. Read-only data, snap-shot 

was taken as primary record and it was entered to excel manually. Trials and studies were 

checked for duplication and registered and published on more than one registry and data base 

were removed leaving only one study to be selected for analysis. To analyze how clinical trial 

registration was developed in Africa so far, we conducted analysis of developments in clinical 

trial at each of the 18 registries where clinical trials are registered; ; 

1. Types of registered vaccine trials (by type of disease) in African countries compared to 

vaccines under use in countries of Africa; 

2. Study phases of the targeted trials;   

3. Assess Impact of these clinical trials, primary analysis was done using excels. Review 

Manager (RevMan version 5.4) was used for the extended review and the observed studies' 

significance was estimated in forest plots with 95% confidence intervals (CIs) using a fixed 

effect model. PRISMA 2020 Systematic Review and Meta-Analysis guidelines for Reporting 

Items was followed to design and report results. The overall heterogeneity between studies was 

measured using the I
2 

statistic (25% - 49% low, 50% - 75% moderate and >75% high). 

Confidence in the evidence of the studies was assessed using GRADE pro (81). Due to lack of 

sufficient predictor no meta-regression was done. 
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Results 

 

We conducted this research starting from 20
th

 of April to 7
th

 of August, we searched the WHO and South African immunization 

schedule site to identify and analyze which vaccines are being used (administered) for the routine immunization program in Africa, we 

searched the 18 WHO approved registries to analyze the vaccine trials conducted in Africa for prevention purpose and further 

breakdown which preventive vaccine trials are used for routine immunization program. Only the types of vaccines that are in use i.e., 

for Malaria; RTS, S vaccine for Influenza; Influenza vaccine and for Pneumonia; PCV vaccines were searched and included in the 

extended SR/MA in which766, 440, and 292 articles, respectively were acquired primarily. And for the review 6, 10, and 5 studies we 

included, respectively.        

3.1: vaccines that are part of the routine immunization program in Africa 

Table 1: single-vaccine, single-disease immunization distribution across African countries 

Countries Vaccines 

 BCG Pneumo_conj Rotavirus TT Vitamin A YF HPV Measel Typhoid_conj deworming HI

B 

RTS.

S 

Cholera 

Algeria Yes Yes            

Angola Yes Yes Yes yes Yes Yes        

Benin Yes Yes Yes yes   Yes       

Botswana Yes Yes Yes yes Yes Yes Yes       

Burkina Faso Yes Yes Yes yes Yes Yes        

Burundi Yes Yes Yes  Yes Yes        

Cape Verde Yes   yes  Yes Yes       

Cameroun Yes Yes Yes  Yes Yes Yes       

Central African Republic Yes Yes Yes  Yes Yes Yes Yes      
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Chad Yes   yes  Yes  Yes Yes     

Comoros Yes Yes   Yes   Yes  Yes    

Congo Yes Yes Yes yes Yes Yes        

Congo, Democratic 

Republic 

Yes Yes Yes  Yes Yes  yes      

Cote D’voir Yes Yes Yes  Yes Yes yes       

Djibouti Yes Yes Yes yes Yes   yes      

Egypt Yes   yes Yes Yes     yes   

Equatorial Guinea Yes    Yes Yes yes yes      

Eritrea Yes Yes Yes  Yes  yes       

Eswatini(Swaziland) Yes Yes Yes yes Yes Yes yes       

Ethiopia Yes Yes Yes yes Yes  yes yes   yes   

Gabon Yes Yes Yes  Yes Yes  yes      

Gambia Yes Yes Yes   Yes yes yes      

Ghana Yes   yes  Yes  yes    yes  

Guinea Yes Yes Yes yes Yes Yes yes       

Guinea Bisaw Yes Yes Yes yes  Yes  yes      

Kenya Yes Yes Yes yes Yes  yes     yes  

Lesotho Yes Yes Yes yes Yes Yes        

Liberia Yes Yes Yes yes Yes Yes yes yes Yes     

Libyan Arab Jemahirya Yes Yes Yes   Yes yes       

Madagascar Yes Yes Yes yes    yes      

Malawi Yes Yes Yes  Yes  yes     yes  

Mali Yes Yes Yes  Yes Yes yes yes      

Mauritania Yes Yes Yes    yes       

Mauritius Yes Yes Yes yes   yes  Yes     
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Morocco Yes Yes Yes yes Yes         

Mozambique Yes Yes Yes yes Yes         

Namibia Yes Yes Yes yes Yes         

Niger Yes Yes Yes  Yes Yes  yes      

Nigeria Yes Yes Yes  Yes Yes yes yes      

Rwanda Yes Yes Yes yes   yes       

Saotome & Principe Yes Yes Yes  Yes Yes        

Senegal Yes Yes Yes  Yes Yes yes       

Seycheles Yes Yes Yes yes Yes  yes       

Sierra Leone Yes Yes Yes  Yes Yes yes yes      

Somalia Yes   yes Yes   yes      

South Africa Yes Yes Yes  Yes  yes yes      

South Sudan Yes   yes    yes      

Sudan Yes Yes Yes     yes      

Tanzania Yes Yes Yes yes   yes       

Togo Yes Yes Yes yes Yes Yes yes       

Tunisia Yes Yes            

Uganda Yes Yes Yes yes   yes yes      

Zambia Yes Yes Yes  Yes  yes       

Zimbabwe Yes Yes Yes yes Yes  yes  yes    yes 

Total: 54 47 44 30 37 29 30 22 4 1 2 3 1 

Percentage: 100% 87% 81.5% 55.5

% 

68.5% 53.7

% 

55.5

% 

40.7% 7.4% 1.9% 3.7

% 

5.5% 1.9% 

Source; Immunization schedules by antigens (who.int)/Immunization Schedules - Africa | Vaccines for Africa (uct.ac.za) 

BCG = Bacille Calmette-Guerln vaccine                                 Pneumo_conj = Pneumococcal conjugate vaccine  

https://apps.who.int/immunization_monitoring/globalsummary/schedules
http://www.vacfa.uct.ac.za/immunization-schedules-africa
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TT = Tetanus toxoid vaccine                                                       YF = Yellow fever vaccine 

HPV = Human Papillomavirus vaccine                                        Typhoid_conj = Typhoid conjugate vaccine 

HIB = Haemophilus Influenza type b vaccine                             

 

Table 2: multi-vaccine, per disease immunization distribution across African countries 

Countries Hep-A 

Pediatric 

Hep-A 

adult 

Hep-B 

Pediatric 

Heb-B 

Adult 

Influenza Influenza 

Pediatric 

Influenza 

Adult 

menAC MENACWY_ 

135 conju 

Men A_Conju bopv IPV opv 

Algeria   Yes   Yes Yes   Yes  yes yes 

Angola   Yes         yes yes 

Benin   Yes         yes yes 

Botswana   Yes         yes yes 

Burkina Faso          Yes  yes yes 

Burundi            yes yes 

Cape Verde   Yes         yes yes 

Cameroun   Yes       Yes  yes yes 

Central African 

Republic 

  Yes       Yes  yes yes 

Chad          Yes  yes yes 

Comoros            yes yes 

Congo            yes yes 

Congo, Democratic 

Republic 

           yes yes 

Cote D’voir     Yes     Yes  yes yes 
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Djibouti   Yes         yes Yes 

Egypt   Yes Yes  Yes Yes yes    yes Yes 

Equatorial Guinea   Yes       Yes  yes Yes 

Eritrea          Yes  yes Yes 

Eswatini(Swaziland)    Yes        yes Yes 

Ethiopia            Yes Yes 

Gabon          Yes  Yes Yes 

Gambia   Yes       Yes  Yes Yes 

Ghana            Yes Yes 

Guinea          Yes  Yes Yes 

Guinea Bisaw            Yes Yes 

Kenya    Yes  Yes Yes     Yes Yes 

Lesotho            Yes Yes 

Liberia            Yes Yes 

Libyan Arab 

Jemahirya 

  Yes Yes  Yes Yes  Yes    Yes 

Madagascar            Yes Yes 

Malawi            Yes Yes 

Mali          Yes  Yes Yes 

Mauritania   Yes         Yes Yes 

Mauritius  Yes  Yes  Yes Yes  Yes    Yes 

Morocco   Yes   Yes; Yes     Yes Yes 

Mozambique            Yes Yes 

Namibia   Yes        Yes Yes Yes 

Niger          Yes  Yes Yes 

Nigeria   Yes       Yes  Yes Yes 
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Rwanda            Yes Yes 

Saotome & Principe   Yes         Yes Yes 

Senegal   Yes         Yes Yes 

Seychelles   Yes yes        Yes Yes 

Sierra Leone            Yes Yes 

Somalia            Yes Yes 

South Africa      Yes Yes      Yes 

South Sudan            Yes Yes 

Sudan          Yes  Yes Yes 

Tanzania            Yes Yes 

Togo          Yes  Yes Yes 

Tunisia Yes  Yes   Yes Yes     Yes Yes 

Uganda   yes         Yes yes 

Zambia            Yes yes 

Zimbabwe            Yes yes 

Total: 1 1 21 6 1 7 8 1 2 16 1 51 54 

Percentage: 1.9% 1.9% 38.9% 11.1% 1.9% 12.9% 14.8% 1.9% 3.7% 29.6% 1.9% 94.

4% 

100

% 

 

Source; Immunization schedules by antigens (who.int)/Immunization Schedules - Africa | Vaccines for Africa (uct.ac.za) 

Hep-A Pediatric = Hepatitis A pediatric dose vaccine               MENACWY_135 conju = Meningococcal ACWY-135 conjugate vaccine 

Hep-A Adult = Hepatitis A adult dose vaccine                                    Men A_Conju = Meningococcal A conjugate vaccine 

Hep-B Pediatric = Hepatitis B pediatric dose vaccine                           bopv = bivalent oral polio vaccine  

Heb-B Adult = Hepatitis B adult dose vaccine                                       IPV = inactivated polio vaccine  

https://apps.who.int/immunization_monitoring/globalsummary/schedules
http://www.vacfa.uct.ac.za/immunization-schedules-africa
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menAC = Meningococcal AC vaccine                                                     opv = oral polio vaccine 

Table 3: Combination vaccines, immunization distribution across African countries 

 

Countries Vaccines 

 DT DTapHibHepBIPV DTwPHib MMR MR DTwP DTaP Tdap TdaPIPV TD DTwPHibHepB TdIPV DtaPHibIP 

Algeria Yes Yes Yes Yes  Yes     Yes    

Angola     Yes     Yes Yes   

Benin     yes     Yes Yes   

Botswana     yes      Yes   

Burkina Faso     yes     Yes Yes   

Burundi     yes Yes    Yes Yes   

Cape Verde    yes      Yes Yes   

Cameroun     yes     Yes Yes   

Central African Republic     yes     Yes Yes   

Chad           Yes   

Comoros     yes      Yes   

Congo     yes     Yes Yes   

Congo, Democratic, R           Yes Yes   

Cote D’voir     yes      Yes   

Djibouti      Yes    Yes Yes   

Egypt Yes   yes  Yes    Yes Yes   

Equatorial Guinea          Yes Yes   

Eritrea     yes     Yes Yes   

Eswatini(Swaziland) Yes    yes  Yes   Yes Yes   

Ethiopia          Yes Yes   
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Gabon     yes     Yes Yes   

Gambia          Yes Yes   

Ghana           Yes   

Guinea     yes Yes     Yes   

Guinea Bisaw           Yes   

Kenya     yes     Yes Yes   

Lesotho Yes    yes      Yes   

Liberia           Yes   

Libyan Arab Jemahirya    Yes    Yes Yes    Yes 

Madagascar          Yes Yes   

Malawi     yes     Yes Yes   

Mali          Yes Yes   

Mauritania     Yes     Yes Yes   

Mauritius Yes Yes  yes          

Morocco     Yes Yes     Yes   

Mozambique   Yes  Yes      Yes   

Namibia     Yes     Yes Yes   

Niger          Yes Yes   

Nigeria          Yes Yes   

Rwanda     Yes      Yes   

Saotome & Principe     Yes     Yes Yes   

Senegal     Yes     Yes Yes   

Seycheles Yes yes  yes Yes Yes  Yes yes Yes Yes yes  

Sierra Leone     Yes     Yes Yes   

Somalia          Yes Yes   

South Africa  yes        Yes    
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South Sudan          Yes Yes   

Sudan           Yes   

Tanzania     Yes      Yes   

Togo     Yes     Yes Yes   

Tunisia Yes yes   Yes Yes    Yes Yes   

Uganda     Yes     Yes Yes   

Zambia     Yes     Yes Yes   

Zimbabwe     Yes Yes    Yes Yes   

Total: 8 5 2 6 33 8 1 2 2 38 50 1 1 

Percentage: 14.

8% 

9.3%% 3.7% 11.1% 61.1

% 

14.8% 1.9%

% 

3.7

% 

3.7% 70.

4% 

92.6%% 1.9% 1.9% 

Source; Immunization schedules by antigens (who.int)/Immunization Schedules - Africa | Vaccines for Africa (uct.ac.za) 

DT = Tetanus & diphtheria toxoid chldrens’ dose               DTaP = Diphtheria & Tetanus toxoid with cellular pertussis vaccine 

DTapHibHepBIPV  = Hexavalent Diphtheria & Tetanus toxoid with cellular pertussis, HIB, Hepatitis B & IPV                 

DTwPHib = Diphtheria & Tetanus toxoid with whole cell pertussis & Hib vaccine         Tdap = Tetanus & diphtheria toxoid acellular pertussis vaccine                                                     

MMR = measles mumps & rubella vaccine                                          TD = Tetanus & diphtheria toxoid for older children/adult vaccine 

MR = measles & rubella vaccine                        DTwPHibHepB = Diphtheria & Tetanus & pertussis & Haemophilus influenza & Hepatitis B vaccine 

DTwP = Diphtheria & Tetanus toxoid with whole cell pertussis vaccine              TdIPV = Tetanus & diphtheria toxoid for older children/adults with IPV vaccine 

DTaPHibIPV = Diphtheria & Tetanus toxoid with cellular pertussis, Hib & IPV vaccine 

TdaPIPV = Tetanus & diphtheria toxoid with acellular pertussis & IPV vaccine

https://apps.who.int/immunization_monitoring/globalsummary/schedules
http://www.vacfa.uct.ac.za/immunization-schedules-africa
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Tables 1, 2, and 3, show the distribution of vaccines that are part of routine immunization 

program in Africa. All in all, there are 39 vaccines of which; 13 are single vaccines/disease, 13 

are multiple vaccines/disease and 13 are combination vaccines. Out of these vaccines BCG and 

OPV are given in all African countries, whereas Hepatitis A pediatric and adult, Influenza, 

MenAC, bOPV, deworming, cholera, DTaP, TdIPV and dtaPHibIP are given only in one country 

each.    

3.2: Distribution of vaccine trials conducted in African countries. 

 

Figure 1: Diseases specific vaccine trials conducted in Africa and registered until the end of 

2020. 

 

 

 

 

Figure 1, shows the general distribution and type of preventive vaccine trials per disease 

conducted in African countries until 2020.  This figure shows that the number of trials on malaria 

and HIV vaccines is biggest with 119(21.2%), 97(17.2%), respectively. The smallest number of 

vaccine trial extended from 1(0.2) to 4(0.7) trials. Under other category, 14 diseases or 

implication are included (E.coli, Helminthic, Leishmanial, Tetanus, Monkey pox, Varicella 

Zoster, Rabies, Lassa fever, Clostridium difficile infection, trial for other indication, Herpes 

Zoster, Herpes Simplex, Hemophilia and gonorrhea).     
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Figure 2: Phases of the vaccine trials conducted in Africa and registered until the end of 

2020. 

 

 

 

Figure 2, shows Distribution of vaccine trial conducted for preventive purpose in African 

countries across phases. There was almost an even distribution in phase 1, 2, and 3 with 116 

(20.6%), 143(26.1%) and 143(25.4%), respectively. 

 

Figure 3: Disease specific vaccine trials that are part of routine immunization program. 
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Figure 3, shows the distribution of vaccine trials that are part of the immunization program. This 

figure shows that the highest was for Malaria and the lowest for Tetanus with 119 (33.6%) and 1 

(0.3%), respectively.   

 

3.3 Treatment outcomes 

3.3.1: Malaria Vaccine 

Figure 4: PRISMA study flow diagram for Malaria vaccine. 

 

 

 

Figure 4, shows the number of studies included. A total of 6 studies were included in this malaria 

vaccine review which assess the efficacy and safety of RTS, S malaria vaccine trials that were 

conducted in African countries. 
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3.3.1.1: Included studies 

 

A total of 6 studies were included in this malaria vaccine review (see figure 4) which assess the efficacy and safety of RTS, S vaccine 

trials that are conducted in African countries. 

Table 4 : Characteristics of included studies 

No Author name, 

Year of  

Publication 

Study design Study 

period 

Subjects subject outcome of interest vaccin

e 

Control 

Number of 

participants 

Age of 

participants 

Follow-

up 

1 Agnandji, S. 

T., 2012 

randomized, 

controlled, 

double-blind 

trial, multi-

center 

December 

2009 - 

January 

2011 

6537 infants  6 - 12 weeks  12 

month 

for VE 

& 14 

month 

for 

SAEs 

Vaccine efficacy in-terms of protection against 

primary case definition  after the three doses 

and SAEs after first dose    

RTS,S/

AS01 

meningococcal 

serogroup C 

conjugate 

vaccine 

>5000 

parasites/mm3 

and temperature 

≥37.5°C 

Clinical 

malaria/episode 

1
st
 /only 1161 714 

All 2301 1626 

Severe malaria 58 46 

 

 

 

 

 

 

 

SAEs 

≥1 Serious adverse event 782 419 

≥1 Serious adverse event, 

excluding malaria 

760 407 

≥1 Fatal serious adverse 

event* 

66 28 

≥1 Serious adverse event 

related to vaccine 

4 3 

≥1 Serious adverse event 192 96 
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within 30 days after 

vaccination 

2 Guerra 

Mendoza, Y., 

2019 

block 

randomizatio

n, multi-

center 

December 

2009 - 

January 

2011 

15,459 

children & 

infants  

5–17 months 

& 6–12 

weeks 

48 & 38 

month  

SAEs from first dose  - four doses & after 

 

RTS,S/

AS01 

rabies vaccine & 

meningococcal 

serogroup C 

conjugate 

vaccine 

 

 

 

 

SAEs 

≥1 Serious adverse event 1300 1465 

≥1 Serious adverse event, excluding 

malaria 

1235 591 

≥1 Fatal serious adverse event 112 88 

≥1 Serious adverse event within 30 

days after vaccination 

285 312 

3 Han, Larry, 

2017 

randomized, 

controlled, 

double-blind 

trial, multi-

center 

June 2009 -

January 

2011 

760 children & 

784 infants 

5–17 months 

& 6–12 

weeks 

4-years VE in-terms of protection against primary case 

definition  after the three doses 

and SAEs after first dose    

RTS,S/

AS01 

rabies vaccine & 

meningococcal 

serogroup C 

conjugate 

vaccine 

>5000 

parasites/m

m3 and 

temperature 

≥37.5°C 

Clinical 

malaria/ep

isode 

1
st
 /only 183 268 

All 406 720 

4 Krishna, 

Sanjeev, 2014 

randomized, 

controlled, 

double-blind 

March 27, 

2009 -

January 31, 

15,460 

children & 

infants 

5–17 months 

& 6–12 

weeks 

18 

month  

VE in-terms of protection against primary case 

definition  after the three doses 

RTS,S/

AS01 

rabies vaccine & 

meningococcal 

serogroup C 
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trial, multi-

center 

2011, conjugate 

vaccine 

>5000 

parasites/m

m3 and 

temperature 

≥37.5°C 

Clinical 

malaria/ep

isode 

 

All 

8105 6103 

Severe malaria 220 154 

5 Otieno, L., 

2016 

randomized, 

controlled, 

double-blind 

trial, multi-

center 

December 

2009 - 

January 

2011 

6537 infants  6 - 12 weeks  14 

month 

for 

SAEs 

 SAEs 

 after 1
st
  and 3

rd
 dose   

RTS,S/

AS01 

Vero Rab rabies 

vaccine 

 

 

SAEs 

At least 1 Serious adverse event 41 37 

Fatal serious adverse event* 5 4 

At least 1 Serious adverse event 

within 30 days after vaccination 

20 12 

6 Otieno, L., 

2019 

randomized, 

controlled, 

double-blind 

trial, multi-

center 

March 27, 

2009 -

January 31, 

2014 

153 HIV +ve 

children & 

infants 

5–17 months 

& 6–12 

weeks 

39.3 

month 

& 38.3 

month  

VE in-terms of protection against primary case 

definition  after the three doses 

and SAEs after first dose    

RTS,S/

AS01 

rabies vaccine & 

meningococcal 

serogroup C 

conjugate 

vaccine 

 

 

 

 

 

 

At least 1 Serious adverse event 47 42 

≥1 Serious adverse event, excluding 

HIV 

43 40 

Fatal serious adverse event 15 15 

≥1 Serious adverse event within 3 

doses 30 days after vaccination 

14 12 
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SAEs 

≥1 Serious adverse event within 30 

days after 4
th

 vaccination 

4 1 

 

VE = vaccine efficacy                                                      ILI = influenza like illness  

HIV = human Immunodeficiency virus positive             SAE = serious adverse event  

 

 Table 4, shows the characteristics of the 6 included studies for this review which includes; the study ID, study design, study period, 

number and age of participant, the study follow up period, outcome of interest and the type of vaccine or control IP involved in the 

studies.        
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Figure 5: Risk of bias summary for the studies included in the SR/MA of Malaria vaccine. 

 

 

Figure 5, shows the summary of Risk of bias, which was assessed depending on whether the 

measures were strictly followed or not: for those studies that didn’t clearly state how the measure 

was followed were marked as unclear, and high risk was assigned depending on the tendency of 

the risk to affect the outcome negatively i.e. in case of Otieno,L,2016 no formal sample size 

calculation was done and the IP was prepared by the study staffs though it is stated they were not 

part of the analysis. 

 

Figure 6: Efficacy of RTS, S vaccine against all episode of malaria   
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Figure 6, shows that, for all episodes of malaria in three studies (82-84) the RTS, S vaccine RR 

was found to be 0.73 with a significant p-value (p<00001), 95% CI (0.72, 0.75), and 17,161 

participants were included and there was high heterogeneity across the studies= 96%. Number of 

event was acquired from the first episode with respect to total number of participants for study 

conducted by (83) whereas,  for studies conducted by (82, 84) as recurrent event was used 

instead of total number of subjects persons year was taken, and the presence of high 

heterogeneity could have been as a result of that. The efficacy of pooled analysis of the malaria 

vaccine against all episodes of malaria was found to be 27%, i.e. the risk of developing malaria 

for those who received the vaccine was 73 % as high as developing malaria in those who didn’t 

get the vaccine or RTS,s vaccine 27% effective in reducing the risk of acquiring malaria disease.  

 

Figure 7: Efficacy of RTS, S vaccine against 1
st
 episode of malaria 

 

 

Figure 7, shows that, for 1
st
 episodes of malaria in two studies (82, 83) the RTS, S vaccine RR 

was found to be 0.78 with a significant p-value (p<00001), 95% CI (0.72, 0.83) and 8326 

participants were included and there was high heterogeneity across the studies= 85%. Number of 

event was acquired from the first episode with respect to total number of participants for study 

conducted by (83), whereas,  for study conducted by (84) as recurrent event was used instead of 

total number of subjects persons year was taken, and the presence of high heterogeneity could 

have been as a result of that. The efficacy of pooled analysis of the malaria vaccine against all 

episodes of malaria was found to be 22%, i.e., the risk of developing malaria for those who 

received the vaccine was 78 % as high as developing malaria in those who didn’t get the vaccine 

or RTS, S vaccine 22% effective in reducing the risk of acquiring malaria disease.  

 

Figure 8: Efficacy of RTS, S vaccine against severe malaria 
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Figure 8, shows that, for severe malaria in two studies (83, 84) the RTS, S vaccine RR was found 

to be 0.70 with a significant p-value (p=0001), 95% CI (0.59, 0.84) and 18,891 participants were 

included and there was no heterogeneity across the studies= 0%. Number of event was acquired 

from the first episode with respect to total number of participants for study conducted by (83) for 

study conducted by (84) as recurrent event was used instead of total number of subjects persons 

year was taken The efficacy of pooled analysis of the malaria vaccine against severe malaria was 

found to be 30%,  i.e. the risk of developing severe malaria for those who received the vaccine 

was 70 % as high as developing malaria in those who didn’t get the vaccine or RTS, S vaccine 

30% effective in reducing the risk of acquiring malaria disease.  

 

Figure 9: Efficacy of RTS, S vaccine against all episode of malaria in infants. 

 

Figure 9, shows that, for all episodes of malaria in infants in three studies (82-84) the RTS, S 

vaccine RR was found to be 0.75 with a significant p-value (p<00001), 95% CI (0.72, 0.75) and 

15,510 participants were included and there was high heterogeneity across the studies= 91%. 

Number of event was acquired from the first episode with respect to total number of participants 

for study conducted by (83) whereas,  for studies conducted by (82, 84) as recurrent event was 

used instead of total number of subjects persons year was taken, and the presence of high 

heterogeneity cold have been as a result of that. The efficacy of pooled analysis of the malaria 
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vaccine against all episodes of malaria was found to be 25%, i.e. the risk of developing malaria 

for those who received the vaccine was 75 % as high as developing malaria in those who didn’t 

get the vaccine or RTS,s vaccine 25% effective in reducing the risk of acquiring malaria disease.  

 

Figure 10: Efficacy of RTS, S vaccine against 1
st
 episode of malaria in infants 

 

 

Figure 10, shows that, for all episodes of malaria in two studies (82, 83) the RTS, S vaccine RR 

was found to be 0.80 with a significant p-value (p<00001), 95% CI (0.75, 0.86) and 7,081 

participants were included and there was moderate heterogeneity across the studies= 42%. 

Number of event was acquired from the first episode with respect to total number of participants 

for study conducted by (83), whereas,  for study conducted by (82)as recurrent event was used 

instead of total number of subjects persons year was taken, and the presence of high 

heterogeneity cold have been as a result of that. The efficacy of pooled analysis of malaria 

vaccine against all episodes of malaria was found to be 20%, i.e. the risk of developing malaria 

for those who received the vaccine was 80 % as high as developing malaria in those who didn’t 

get the vaccine or RTS,s vaccine 20% effective in reducing the risk of acquiring malaria disease.  

  

Figure 11: SAEs of RTS, S vaccine 
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Figure 11, shows that, for all episodes of malaria in four studies (52, 55, 59, 83) the RTS, S 

vaccine RR was found to be 0.91 with a significant p-value (p=00003), 95% CI (0.86, 0.96) and 

17,145 participants were included and there was moderate heterogeneity across the studies= 

58%. Number of event was acquired from the first episode with respect to total number of 

participants. The SAEs of pooled analysis of the malaria vaccine was found to be 9%, i.e. the 

risk of developing SAEs for those who received the vaccine was 91 % as high as in those who 

didn’t get the vaccine or RTS, S vaccine s 9% less likely to experience SAEs. 

 

Figure 12: Fatal SAEs of RTS, S vaccine 

 

Figure 12, shows that, for all episodes of malaria in three studies (52, 55, 83) the RR was found 

to be 1.22 with a non-significant p-value (p=05), 95% CI (0.86, 0.96) and 17,046 participants 

were included and there was no heterogeneity across the studies= 0%. Number of event was 

acquired from the first episode with respect to total number of participants. The fatal SAEs of 

pooled analysis between the vaccine and control group was found to be non-significant.  

 

Table 5: Summary of findings quality of included studies in the efficacy of malaria vaccine 

in SR/MA 

 

Malaria vaccine compared to placebo or any other standard care for malaria disease prevention  

Patient or population: malaria disease prevention in African countries children and infants  

Setting: settings in African countries  

Intervention: malaria vaccine  

Comparison: placebo or any other standard care  

Outcomes Anticipated absolute effects*(95% CI) Relative № of Certainty of the Comment
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Risk with placebo or any 

other standard care 

Risk with 

malaria 

vakccine 

effect 

(95% CI)  

participants  

(studies)  

evidence 

(GRADE)  

s 

malaria vaccine against all 

episodes of malaria disease  
77 per 100  

56 per 100 

(55 to 57) 
RR 0.73 

(0.72 to 0.75) 

17161 

(3 RCTs)  

⨁⨁⨁⨁ 

HIGHa 
 

malaria vaccine against first 

episode of malaria 
31 per 100  

24 per 100 

(23 to 26) 

RR 0.78 

(0.72 to 0.83) 

8326 

(2 RCTs)  

⨁⨁⨁⨁ 

HIGH 
 

malaria vaccine against severe 

malaria 
3 per 100  

2 per 100 

(2 to 3) 

RR 0.70 

(0.59 to 0.84) 

18891 

(2 RCTs)  

⨁⨁⨁⨁ 

HIGH 
 

malaria vaccine against all 

episodes of malaria in infants 
83 per 100  

62 per 100 

(61 to 63) 

RR 0.75 

(0.73 to 0.76) 

15510 

(3 RCTs)  

⨁⨁⨁◯ 

MODERATEb 
 

malaria vaccine against first 

episode of malaria in infants 
34 per 100  

27 per 100 

(25 to 29) 

RR 0.80 

(0.75 to 0.86) 

7081 

(2 RCTs)  

⨁⨁⨁⨁ 

HIGH 
 

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the 

intervention (and its 95% CI).  

 

CI: Confidence interval; RR: Risk ratio  

GRADE Working Group grades of evidence 

High certainty: We are very confident that the true effect lies close to that of the estimate of the effect 

Moderate certainty: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a 

possibility that it is substantially different 

Low certainty: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect 

Very low certainty: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect  

a. how the sequence was generated and blinding wasn't clearly stated in two of the studies  

b. how the sequence was generated and blinding was not clearly stated in two of the studies  

 

Table 6: Summary of findings quality of included studies in the safety of malaria vaccine in 

SR/MA: 

Is Malaria vaccine compared to placebo or any other standard care safe in African countries children and infants 
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Patient or population: malaria disease prevention in African countries children and infants  

Setting: settings n African countries  

Intervention: malaria vaccine  

Comparison: placebo or any other standard care  

 

Outcomes 

Anticipated absolute effects*(95% CI) 

Relative effect 

(95% CI)  

№ of participants  

(studies)  

Certainty of the evidence 

(GRADE)  

Com

ment

s 

Risk with placebo or any 

other standard care 

Risk with malaria 

vaccine 

SAEs  26 per 100  
24 per 100 

(23 to 25) 

RR 0.91 

(0.86 to 0.96) 

17145 

(4 RCTs)  

⨁⨁◯◯ 

LOWa,b 
 

fatal SAEs 2 per 100  
3 per 100 

(2 to 3) 

RR 1.22 

(1.00 to 1.49) 

17046 

(3 RCTs)  

⨁⨁⨁◯ 

MODERATEc 
 

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of 

the intervention (and its 95% CI).  

CI: Confidence interval; RR: Risk ratio  

GRADE Working Group grades of evidence 

High certainty: We are very confident that the true effect lies close to that of the estimate of the effect 

Moderate certainty: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a 

possibility that it is substantially different 

Low certainty: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect 

Very low certainty: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect  

a. in 1 of the studies how sequence was generated and the concealment process isn't stated clearly and also the 

vaccine is prepared by the staff members which may affect outcome  

b. in two of the studies there was very low sample size  

c. The null effect is touched, so there is unclear evidence of favoring control or it's same for both comparisons  

 

Table 5 and 6, show the summary of findings of the included 6 studies to assess the efficacy and 

safety of malaria vaccine trials conducted in African countries. 
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3.3.2: Influenza vaccine 

 

Figure 13: PRISMA study flow diagram of studies included for the Influenza vaccine 

review. 

 

 

Figure 13, shows the number of studies included. A total of 10 studies were included in this 

influenza vaccine review which assess the efficacy and safety influenza vaccine trials that were 

conducted in African countries. 
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3.3.2.1: Included studies 

 

A total of 10 studies were included in this Influenza vaccine review (see figure 13) which assess the efficacy and safety of Influenza 

vaccine trials that are conducted in African countries.  

Table 7: Characteristics of included studies 

No Author 

name, Year 

of  

Publication 

Study design Study period Subjects subject outcome of interest vaccine Control 

Number of 

participant 

Age of 

participants 

Follow-

up 

1 De Villiers, 

P. J., 2009 

randomized, 

controlled, 

double-blind 

trial, multi-

center 

April 2, 2001, 

and November 

30, 2001 

3242 subject ≥60 years  15 days 

for VE 

& 28 

days for 

SAEs 

Vaccine efficacy in-terms of protection against 

primary case definition  after the 1dose and 

SAEs after 1 dose    

LAIV placebo 

ILI positive 

viral culture of a wild-type virus 

subtype after  ≥ 15 days after IP 

receipt 

symptoms; including 

feverishness,  an oral temperature 

≥37.2 C , sore throat, new or 

increased cough, tiredness, 

muscle aches   

Any strain 1161 714 

Vaccine 

like strain 

2301 1626 
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SAEs 

After 28 

days 

16 24 

After 8 

month 

163 139 

2 Madhi, S.A, 

2011 

block 

randomization, 

single-center 

11 April 2008 -

13 June 2008 

506 HIV 

+ve adults 

18-55 years 1  

month  

Vaccine efficacy in-terms of protection against 

primary case definition  after the 1dose   

TIV Placebo 

Symptoms; including 

cough, history of fever, 

chills or rigor, sore throat, 

pharyngitis, or laryngitis, 

myalgia or headache 

 

 

Influenza 

virus A or 

B 

All 

 

3 12 

 ART 

 

3 6 

Naïve  0 6 

3 Madhi, S. A, 

2013 

randomized, 

controlled, 

double-blind 

trial, multi-

center 

February  27- 

22 may , 2009  

403 children 6–59 months  Vaccine efficacy in-terms of protection against 

primary case definition  after the 1 dose 

TIV Placebo 

Symptoms: <7 days fever more 

than 38.5C. Myalgia or irritability, 

sore throat or pharyngitis, 

rhinorrhea and/orCough of less 

than 14 days of duration.  

Confirmed 

influenza 

14 17 

ILI 19 37 

4 Madhi, S. 

A., 2014 

randomized, 

controlled, 

double-blind 

trial, multi-

center 

April 2, 2001, 

and December 

2009 - January 

2011 

2116 HIV-

ve & 194 

HIV+ve 

pregnant 

women 

infected & 

their infant 

24 weeks 

18 - 38 years 

& an 

estimated 

gestation of 

20 to 36 

weeks  & 24 

weeks infants 

10 

month 

for 

mother 

6 month 

infant 

for 

SAEs 

Vaccine efficacy in-terms of protection against 

primary case definition  after the 1dose and 

SAEs after 1 dose    

IIV3 placebo 

 

 

Influenza virus by 

means of an RT-

PCR assay 

RT-PCR 

confirmed 

influenza 

Mothers 26 54 

Infant 24 43 

ILI Mother 199 108 

Infant 661 641 
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after birth  

SAEs 

Mother 8 8 

Infant 5 11 

5 Mutsaerts, 

E., 2016 

randomized, 

controlled, 

double-blind 

trial, single-

center 

March – 

October  2012 

477 18 - 38 years 1 year Vaccine efficacy in-terms of protection against 

primary case definition  after the 1 dose 

IIV3 Placebo 

fever ≥38°C on oral 

measurement or chills/rigors, or 

feeling feverish in past for <7 

days and any of cough/sore 

throat/pharyngitis, or any of 

muscle ache/joint 

ache/headache, or any of 

feeling shortness of 

breath/difficulty breathing/chest 

pain while breathing 

PCR-

confirmed 

influenza  

2 years result 

7 18 

PCR-

confirmed 

influenza  

2
nd

  year 

result 

406 720 

6 Nunes, M. 

C., 2016 

randomized, 

controlled, 

double-blind 

trial, multi-

center 

2011 & 2012 2049 infants ≤24 weeks 24 

weeks 

Vaccine efficacy in-terms of protection against 

primary case definition  after the 1 dose/ born 

from vaccinated mother 

IIV3 Placebo 

Influenza virus by means of 

an RT-PCR assay 

PCR-Confirmed 

Influenza 

19 37 

7 Omer, S. B., 

2016 

randomized, 

controlled, 

double-blind 

trial, multi-

center 

April 25, 2011- 

April 24, 2013, 

in Nepal, Sep 

12, 2011- April 

18, 2013, in 

Mali, and 

March 3, 2011- 

10, 002 

women & 

9,800 infant 

18 - 38 years 

& an 

estimated 

gestation of 

20 to 36 

weeks  & 24 

weeks infants 

6 month Vaccine efficacy in-terms of protection against 

primary case definition  after the 1 dose 

IIV Placebo & 

quadrivalent 

MCV 

Influenza 

virus by 

means of an 

RT-PCR 

PCR-

Confirme

d 

Influenza 

 

mother 

To study 

end 

19 36 

6 month 

follow-

53 103 
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July 2, 2012, in 

South Africa 

assay up 

Infant 24 54 

8 Pepin, S., 

2019 

randomized, 

controlled, 

observer-blind 

trial, multi-

center 

 

 

2014/2015 and 

2015/2016 

5806 6–35 months 28 days  Vaccine efficacy in-terms of protection against 

primary case definition  after the 2 doses 

and SAEs  

IIV4 placebo 

a fever _38 _C lasting 

_24 h concurrently 

with cough, 

Nasal congestion, 

rhinorrhea, 

pharyngitis, otitis, 

vomiting, or diarrhea. 

Laboratory-confirmed 

influenza 

120 245 

SAEs ≤180 day 

after 

vaccination 

43 40 

Of special 

interest  

29 31 

Death  4 1 

9 Tapia, M. 

D., 2016 

randomized, 

controlled, 

double-blind 

trial, multi-

center 

Sept 12, 2011, 

to Jan 28, 2014. 

Between Sept 

12, 2011, and 

April 18, 2013 

4193 mother 

& 4105 

infants 

≥6 month 6 month Vaccine efficacy in-terms of protection against 

primary case definition  after 1 dose 

TIV quadrivalent 

MCV 

Influenza 

virus by 

means of 

an RT-PCR 

assay 

 

 

Laboratory

-confirmed 

influenza 

Infant born 

to woman 

vaccinated 

any 

time/pregna

ncy 

2 

mon

th 

6 19 

5 

mon

th 

52 77 

Different 

strains/woman  

18 65 

Different 

strains/infant 

42 106 
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10 Victor, J. C., 

2016 

randomized, 

controlled, 

double-blind 

trial, single-

center 

May 23, and 

July 1, 2013 

1761 

children  

2–5 years 6 month  Vaccine efficacy in-terms of protection against 

primary case definition  after the 1 dose 

LAIV placebo 

fever (>37·5ºC 

axillary) or 

feverishness and a 

cough or sore 

throat  

Lab-

confirmed 

influenza 

All strains 210 105 

Vaccine 

strains 

100 47 

 

VE = vaccine efficacy                                                                       ILI = influenza like illness  

HIV +ve = human Immunodeficiency virus positive                            HIV -ve = human Immunodeficiency virus negative   

RT-PRC = reverse transcription-polymerase chain reaction                 LAIV = live attenuated influenza vaccine  

CRP = C – reactive                                                                                SAE = serious adverse event  

IIV3/IIV/TIV = trivalent influenza vaccine                                            IIV4 = quadrivalent influenza vaccine  

MCV = meningococcal conjugate vaccine
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Table 7, shows the characteristics of the 10 included studies for this review which includes; the 

study ID, study design, study period, number and age of participant, the study follow up period, 

outcome of interest and the type of vaccine or control IP involved in the studies.      

Figure 14: Risk of bias summary. 

 

 

Figure 14, shows the summary of Risk of bias which was assessed depending on whether the 

measures were strictly followed or not: for those studies that didn’t clearly state how the measure 

was followed were marked as unclear and high risk was assigned depending on the tendency of 

the risk to affect the outcome negatively, i.e., in case of Madhi,S.A, 2013 there was 20% loss of 

study participant due to withdrawal and loss to follow up, also small sample size was used and 
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during the peak of disease season required enrollment wasn’t met, same with Madhi,S.A, 2014 

and also Pharmacist and statisticians were aware of the IP. In Pepin, S, 2019 participants were 

not blinded.       

Figure 15: Influenza vaccine efficacy. 

 

Figure 15, shows that, for Influenza in eight studies (85-92) the influenza vaccine RR was found 

to be 0.64 with a p-value (p<00001), 95% CI (0.57, 0.72) and 17,413 participants were included 

and there was high heterogeneity across the studies= 74%. Number of event was acquired from 

the first episode with respect to total number of participants. The efficacy of pooled analysis of 

the influenza vaccine against influenza disease was found to be 36%, i.e. the risk of developing 

Influenza for those who received the vaccine was 64 % as high as developing influenza in those 

who didn’t get the vaccine or Influenza vaccine 36% effective in reducing the risk of acquiring 

Influenza disease.  

 

Figure 16: Efficacy of influenza vaccine in multi-center vs single-center. 
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Figure 16, shows that, for Influenza in three multi-center studies (86, 88, 90) the influenza 

vaccine RR was found to be 0.55 with a significant p-value (p<00001), 95% CI (0.47, 0.64) , and 

12,221 participants were included and there was no heterogeneity across the studies= 20%. 

Number of event was acquired from the first episode with respect to total number of participants. 

The efficacy of pooled analysis of the Influenza vaccine against Influenza was found to be 45%, 

i.e. the risk of developing Influenza for those who received the vaccine was 55 % as high as 

developing Influenza in those who didn’t get the vaccine or Influenza vaccine 45% effective in 

reducing the risk of acquiring Influenza disease. 

Influenza, in five single-center studies (85, 87, 89, 91, 92) the influenza vaccine RR was found to 

be 0.84 with a non-significant p-value (p=0.05), 95% CI (0.84, 1.00) and 5,192 participants were 

included and there was a moderate heterogeneity across the studies= 61%. Number of event was 

acquired from the first episode with respect to total number of participants. The efficacy of 

pooled analysis of the Influenza vaccine against Influenza was found to be non-significant. 

The overall analysis of the difference between the two sub groups was found to be statistically 

significant with a p-value of (p=0.0005), I²= 91.7%. 

 

Figure 17: Efficacy of inactivated influenza vaccine vs live-attenuated influenza vaccine. 
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Figure 17, shows that, for Influenza in six inactivated Influenza vaccine studies (85-88, 91, 92) 

the RR was found to be 0.53 with a significant difference, p-value (p<000001), 95% CI (0.45, 

0.63), and 12,520 participants were included and there was no heterogeneity across the studies= 

4%. Number of event was acquired from the first episode with respect to total number of 

participants. The efficacy of pooled analysis of the Influenza vaccine against Influenza was 

found to be 47%, i.e. the risk of developing Influenza for those who received the vaccine was 

53% as high as developing Influenza in those who didn’t get the vaccine or Influenza vaccine 

47% effective in reducing the risk of acquiring Influenza disease. 

Influenza, in two live attenuated studies (89, 90), the RR was found to be 0.81 with a non-

significant p-value (p=0.003), 95% CI (0.68, 0.95) and 4,893 participants were included and 

there was a high heterogeneity across the studies= 88%%. Number of event was acquired from 

the first episode with respect to total number of participants. The efficacy of pooled analysis of 

the Influenza vaccine against Influenza was found to be 19%, i.e. the risk of developing 

Influenza for those who received the vaccine was 81% as high as developing Influenza in those 

who didn’t get the vaccine or Influenza vaccine 19% effective in reducing the risk of acquiring 

Influenza disease. 

The overall analysis of the difference between the two sub groups was found to be statistically 

significant with a p-value of (p=0.0006), I²= 91.6% 
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Figure 18: Efficacy of trivalent-inactivated influenza vaccine vs quadrivalent-inactivated 

influenza vaccine. 

 

 

Figure 18, shows that, Influenza in six trivalent inactivated-influenza vaccine studies (66, 85-87, 

91, 92) the RR was found to be 0.54 with a significant p-value (p<00001), 95% CI (0.45, 0.64), 

and 27,342 participants were included and there was no heterogeneity across the studies= 2%. 

Number of event was acquired from the first episode with respect to total number of participants. 

The efficacy of pooled analysis of the Influenza vaccine was found to be 46%, i.e., the risk of 

developing Influenza for those who received the vaccine was 54 % as high as developing 

Influenza in those who didn’t get the vaccine or Influenza vaccine 46% effective in reducing the 

risk of acquiring Influenza disease. 

 

Influenza, in one quadrivalent inactivated Influenza vaccine study (88) the RR was found to be 

0.49 with a significant p-value (p<0.00001), 95% CI (0.40, 0.61) and 4,980 participants were 

included. Number of event was acquired from the first episode with respect to total number of 

participants. The efficacy of single analysis of the Influenza vaccine against Influenza was found 

51%, i.e. the risk of developing Influenza for those who received the vaccine was 49 % as high 

as developing Influenza in those who didn’t get the vaccine or Influenza vaccine 51% effective 

in reducing the risk of acquiring Influenza disease. The overall analysis of the difference 
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between the two sub groups was found to be statistically non-significant with p value (p=0.51) 

and I²=0.  

 

Figure 19: Efficacy of Influenza vaccine in Adults. 

 

 

Figure 19, shows that, for Influenza in Adults in seven studies (66, 85-88, 90, 93) the influenza 

vaccine RR was found to be 0.48 with a p-value (p=0001), 95% CI (0.59, 0.84) and 25,343 

participants were included and there was no heterogeneity across the studies= 20%. Number of 

event was acquired from the first episode with respect to total number of participants. The 

efficacy of pooled analysis of the Influenza vaccine against Influenza disease was found to be 

52%, i.e., the risk of developing Influenza for those who received the vaccine was 48 % as high 

as developing Influenza in those who didn’t get the vaccine or Influenza vaccine 52% effective 

in reducing the risk of acquiring Influenza disease.  

 

Figure 20: Efficacy of Influenza vaccine in children and infants. 
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Figure 20, shows that, for Influenza in Children and Infants in seven studies (66, 86, 88, 89, 91-

93) the influenza vaccine RR was found to be 0.64 with a p-value (p=0002), 95% CI (0.57, 0.72) 

and 25,143 participants were included and there was high heterogeneity across the studies = 

77%. Number of event was acquired from the first episode with respect to total number of 

participants. The efficacy of pooled analysis of the Influenza vaccine was found to be 36%, i.e., 

the risk of developing Influenza for those who received the vaccine was 64 % as high as 

developing Influenza in those who didn’t get the vaccine or Influenza vaccine 36% effective in 

reducing the risk of acquiring Influenza disease.  

 

Figure 21: Efficacy of Influenza vaccine in HIV +ve Adults. 

 

Figure 21, shows that, for Influenza in HIV +ve Adults in two studies (85, 93) the influenza 

vaccine RR was found to be 0.33 with a p-value (p=0.002), 95% CI (0.16, 0.66) and 694 

participants were included and there was no heterogeneity across the studies = 0%. Number of 

event was acquired from the first episode with respect to total number of. The efficacy of pooled 

analysis of the Influenza vaccine against Influenza disease was found to be 67%, i.e., the risk of 

developing Influenza for those who received the vaccine was 33 % as high as developing malaria 

in those who didn’t get the vaccine or Influenza vaccine 67% effective in reducing the risk of 

acquiring Influenza disease.  

 

Figure 22: Efficacy of Influenza vaccine in HIV +ve infants. 
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Figure 22, shows that, for Influenza in HIV +ve Adults in two studies (91, 93) the influenza 

vaccine RR was found to be 0.79 with a p-value (p=0.43), 95% CI (0.44, 1.42) and 694 

participants were included and there was no heterogeneity across the studies = 0%. Number of 

event was acquired from the first episode with respect to total number of participants. The 

efficacy of pooled analysis of the Influenza vaccine against Influenza disease was found to be 

21%. All in all there is no statistically significant difference between those who received the 

Influenza and the control vaccine. 

 

Figure 23: Efficacy of Influenza vaccine in pregnant women ≤1 year follow-up. 

 

Figure 23 shows that, for Influenza in pregnant with ≤1 year follow-up in three studies (66, 86, 

87) the influenza vaccine RR was found to be 0.42 with a p-value (p<0.00001), 95% CI (0.32, 

0.55) and 14,672 participants were included and there was moderate heterogeneity across the 

studies = 50%. Number of event was acquired from the first episode with respect to total number 

of participants. The efficacy of pooled analysis of the Influenza vaccine against Influenza disease 

was found to be 58%, i.e., the risk of developing Influenza for those who received the vaccine 

was 42 % as high as developing malaria in those who didn’t get the vaccine or Influenza vaccine 

58% effective in reducing the risk of acquiring Influenza disease.  

 

Figure 24: Influenza vaccine efficacy for matched serotype. 
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Figure 24, shows that, for Influenza vaccine of matched serotype in two studies (89, 90) the RR 

was found to be 0.74 with a p-value (p=0.007), 95% CI (0.60, 0.92) and 4,893 participants were 

included and there was high heterogeneity across the studies = 86%. Number of event was 

acquired from the first episode with respect to total number of participants. The efficacy of 

pooled analysis of the Influenza vaccine against Influenza disease was found to be 26%, i.e., the 

risk of developing Influenza that are of similar strain as that of the vaccine, for those who 

received the vaccine was 74 % as high as developing influenza in those who didn’t get the 

vaccine or Influenza vaccine 26% effective in reducing the risk of acquiring Influenza disease. 

 

Figure 25: SAEs of vaccine vs control in Adult. 

 

 

Figure 25, shows that, for all episodes of Influenza in two studies (90, 93) the influenza vaccine 

RR was found to be 1.16 with a non-significant p-value (p=0.16), 95% CI (0.94, 1.44) and 5,185 

participants were included and there was no heterogeneity across the studies= 0%. Number of 

event was acquired from the first episode with respect to total number of participants. The SAEs 

of pooled analysis between the vaccine and control group was found to be non-significant.  

 

Figure 26: SAEs of vaccine vs control in Children. 

 

Figure 26, shows that, for all episodes of Influenza in two studies (88, 93) the influenza vaccine 

RR was found to be 0.82 with a non-significant p-value (p=0.20), 95% CI (0.60, 1.11) and 7,029 
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participants were included and there was low heterogeneity across the studies= 26%. Number of 

event was acquired from the first episode with respect to total number of participants. The SAEs 

of pooled analysis between the vaccine and control group was found to be non-significant.  

 

Table 8: Summary findings of quality of included studies in the Influenza vaccine SR/MA: 

Influenza vaccine compared to placebo or any other standard care for for Influenza diseases prevention in African countries population  

Patient or population: for Influenza diseases prevention in African countries population  

Setting: settings in African countries  

Intervention: Influenza vaccine  

Comparison: placebo or any other standard care  

Outcomes 

Anticipated absolute effects*(95% CI) 

Relative effect 

(95% CI)  

№ of 

participants  

(studies)  

Certainty of the 

evidence 

(GRADE)  

Comments 

Risk with 

placebo or any 

other standard 

care 

Risk with Influenza 

vaccine  

Influenza vaccine against 

Influenza disease  
7 per 100  

5 per 100 

(4 to 5)  

RR 0.64 

(0.57 to 0.72)  

17413 

(8 RCTs)  

⨁⨁⨁◯ 

MODERATE a 
 

Influenza vaccine against 

Influenza disease in 

Adults  

5 per 100  

2 per 100 

(2 to 3)  
RR 0.48 

(0.42 to 0.55)  

25343 

(7 RCTs)  

⨁⨁⨁◯ 

MODERATE 

b 

 

Influenza vaccine against 

influenza disease in 

children and infants  

5 per 100  

3 per 100 

(3 to 3)  
RR 0.64 

(0.57 to 0.72)  

25143 

(7 RCTs)  

⨁⨁◯◯ 

LOW c 
 

Influenza vaccine against 

Influenza vaccine in HIV 

+ve Adults  

8 per 100  

3 per 100 

(1 to 5)  
RR 0.33 

(0.16 to 0.66)  

694 

(2 RCTs)  

⨁⨁◯◯ 

LOW d,e 
 

influenza vaccine against 

Influenza disease in HIV 

+ve infants  

8 per 100  

6 per 100 

(4 to 11)  
RR 0.79 

(0.44 to 1.42)  

591 

(2 RCTs)  

⨁◯◯◯ 

VERY LOW 

f,g 

 

Influenza vaccine against 

Influenza disease in 

pregnant woman with ≤ 

1yr follow up  

3 per 100  

1 per 100 

(1 to 1)  RR 0.42 

(0.32 to 0.55)  

14672 

(3 RCTs)  

⨁⨁⨁⨁ 

HIGH  
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Table 8: Summary findings of quality of included studies in the Influenza vaccine SR/MA: 

Influenza vaccine compared to placebo or any other standard care for for Influenza diseases prevention in African countries population  

Patient or population: for Influenza diseases prevention in African countries population  

Setting: settings in African countries  

Intervention: Influenza vaccine  

Comparison: placebo or any other standard care  

Outcomes 

Anticipated absolute effects*(95% CI) 

Relative effect 

(95% CI)  

№ of 

participants  

(studies)  

Certainty of the 

evidence 

(GRADE)  

Comments 

Risk with 

placebo or any 

other standard 

care 

Risk with Influenza 

vaccine  

Influenza vaccine against 

Influenza disease of 

vaccine strains  

8 per 100  

6 per 100 

(5 to 7)  
RR 0.74 

(0.60 to 0.92)  

4893 

(2 RCTs)  

⨁⨁⨁◯ 

MODERATE 

h 

 

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the 

intervention (and its 95% CI).  

 

CI: Confidence interval; RR: Risk ratio  

GRADE Working Group grades of evidence 

High certainty: We are very confident that the true effect lies close to that of the estimate of the effect 

Moderate certainty: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a 

possibility that it is substantially different 

Low certainty: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect 

Very low certainty: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect  

 

a. in 1 of the studies there was 20% study subject loss and in another study the participants were not blinded  

b. in 1 of the studies statisticians and pharmacists were aware of the IP and allocation, and in another study participants were not 

blinded  

c. in 1 study there were 20% study subject loss and there was small sample size, in one study statisticians and pharmacists were 

aware of the IP and allocation and in another study how sequence was generated and if allocation was concealed not stated 

clearly.  

d. in one of the studies statistician and pharmacists were aware of the IP  

e. sample size of the both studies included is low as a result of that the number of events is very low.  

f. in one of the studies there is 20% loss of participants and the another study wasn't completely blinded.  
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g. both studies had a small sample size and there was no direct line to show whether the vaccine is favorable or the control and 

there is also a very wide CI  

h. there is a significant of difference in the outcome of the 2 studies  

 

Table 9: Summary findings of quality of included studies in the Influenza vaccine SR/MA: 

Influenza vaccine compared to placebo or any other standard care for Influenza disease 

Patient or population: safety  

Setting: settings in African countries  

Intervention: Influenza vaccine  

Comparison: placebo or any other standard care  

Outcomes 

Anticipated absolute effects*(95% CI) 

Relative effect 

(95% CI)  

№ of participants  

(studies)  

Certainty of the 

evidence 

(GRADE)  

Comments Risk with placebo or 

any other standard 

care 

Risk with Influenza 

vaccine  

SAEs in Adults 57 per 1,000  
66 per 1,000 

(53 to 82) 

RR 1.16 

(0.94 to 1.44) 

5185 

(2 RCTs)  

⨁⨁◯◯ 

LOWa,b 
 

SAEs n children 25 per 1,000  
21 per 1,000 

(15 to 28) 

RR 0.82 

(0.60 to 1.11) 

7029 

(2 RCTs)  

⨁⨁◯◯ 

LOWc,d 
 

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the 

intervention (and its 95% CI).  

 

CI: Confidence interval; RR: Risk ratio  

GRADE Working Group grades of evidence 

High certainty: We are very confident that the true effect lies close to that of the estimate of the effect 

Moderate certainty: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a 

possibility that it is substantially different 

Low certainty: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect 

Very low certainty: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect  

 

a. one of the studies is not completely blinded  

b. the studies don't show whether vaccine is favored or control.  

c. the studies aren't completely blinded .  

d. the studies don't show whether the vaccine is safe or not, there is a wide CI and there is small number of event.  
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Table 8 and 9, show the summary of findings included studies to assess the efficacy and safety of 

influenza vaccine trials conducted in African countries. 

 

3.3.3: Pneumonia Vaccine 

 

Figure 27: PRISMA study flow diagram. 

 

 

Figure 27, shows the number of studies included. A total of 5 studies were included in this 

Pneumonia vaccine review which assess the efficacy and safety of PCV vaccine trials that were 

conducted in African countries. 
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3.3.3.1: Included studies 

 

A total of 5 studies were included in this Pneumonia vaccine review (see figure 27) which assess the efficacy and safety of PCV 

vaccine trials that are conducted in African countries.  

Table 10: Characteristics of included studies 

No Author name, 

Year of  

Publication 

Study design Study 

period 

Subjects subject outcome of interest vaccine Control 

Number of 

participants 

Age of 

participants 

Follow-

up 

1 Cutts, F. T., 

2005 

randomized, 

controlled, 

double-blind 

trial, multi-

center 

August, 

2000, to 

February, 

2003 

17,437infants  6–51 weeks 2 month Vaccine efficacy in-terms of protection against 

primary case definition  after the three doses 

9-PCV placebo 

chest radiograph for patients with a 

raised respiratory 

rate for (≥50 breaths per min for 

children <1 year 

old and  ≥40 per min for children 

≥1 year old) or lower & 

 cough or breathing difficulty < 14 

day with a raised respiratory rate 

for age or lower 

Chest-wall in drawing.  

Radiological/ 

1
st
 episode 

1161 714 

IPD 2301 1626 

Severe 

Pneumonia 

58 46 

Clinical 782 419 

 

 

 

SAEs 

Serious adverse 

event 

110 131 

Admission  110 119 

Death  12 19 
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2 Klugman, K. 

P., 2003 

randomized, 

controlled, 

double-blind 

trial, single-

center 

March 2, 

1998, and 

ended on 

October 30, 

2000 

39,836  28-84 days 1 year  VE in-terms of protection against primary case 

definition  after the three doses  

9-PCV placebo 

radiologic evidence of 

pneumonia plus a 

positive 

immunofluorescence 

assay for a respiratory 

virus from a 

nasopharyngeal aspirate 

 

IPD, 1
st
 

episode 

HIV +ve 22 47 

HIV -ve 11 19 

Radiologic

al, all 

episodes 

HIV +ve 182 209 

HIV -ve 169 212 

3 Madhi, S. A, 

2005 

randomized, 

controlled, 

double-blind 

trial, single-

center 

Throughout  

2001 

39,836 

children 

>24 months 2 years 

& 3 

month 

VE in-terms of protection against primary case 

definition  after the three dose 

9-PCV placebo 

blood culture–

confirmed 

Radiological  251 303 

Severe  511 618 

radiological HIV +ve 128 140 

HIV -ve 119 158 

Severe  HIV +ve 131 169 

HIV -ve 367 440 

4 Madhi, S. A, 

2006 

randomized, 

controlled, 

double-blind 

trial, single-

center 

2011 39,836 

children 

42-112 days 12 hr.   VE in-terms of protection against primary case 

definition  after the three doses 

9-PCV placebo 

Procalcitonin & CRP/ 

CXR-AC, chest radiographs 

demonstrated alveolar 

consolidation /severe 

pneumonia cough 14-day,  

lower chest wall in-drawing 

HIV 

+ve 

Pneumoni

a 

124 139 

severe 247 285 

HIV -

ve 

Pneumoni

a 

141 166 
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and/or feeding difficulties, 

convulsions, central cyanosis or 

encephalopathy 

severe 425 467 

5 Madhi, S. A, 

2007 

randomized, 

controlled, 

double-blind 

trial, single-

center 

November 

2001- 

October 

2005 

39,836 

children 

42–112 days 6.16 

years 

 VE in-terms of protection against primary case 

definition  after the three dose 

9-PCV placebo 

Serotype-specific 

antibody 

concentrations of 

≥0.2 g/ml as a 

putative correlate of 

immunity against 

serotype-specific 

IPD 

IPD/ all or 

any 

serotype  

HIV 

+ve 

All type 41 70 

1
st
  

episode 

34 63 

HIV -

ve 

All type 13 20 

1
st
  

episode 

13 20 

IPD/ all or 

any 

serotype 

All type  54 90 

1
st
 episode 47 83 

 

VE = vaccine efficacy                                                            IPD = invasive Pneumococcal disease 

HIV +ve = human Immunodeficiency virus positive             HIV -ve = human Immunodeficiency virus negative   

PRC = Procalcitonin                                                               PCV = Pneumococcal conjugate vaccine 

CRP = C – reactive                                                                 CXR-AC = Chest X-Ray 
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Table 10, shows that the characteristics of the 5 included studies for this review which includes; 

the study ID, study design, study period, number and age of participant, the study follow up 

period, outcome of interest and the type of vaccine or control IP involved in the studies.      

Figure 28: PRISMA study flow diagram. 

 

 

 

 

Figure 30, shows the summary of Risk of bias; which was assessed depending on whether the 

measures were strictly followed or not: for those studies that didn’t clearly state how the measure 

was followed were marked as unclear and high risk was assigned depending on the tendency of 

the risk to affect the outcome negatively i.e. in case of Madhi, S.A, 2006 formal sample size 

calculation wasn’t done and new outcome measure was used. 
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Figure 29: PCV efficacy against Pneumonia. 

 

Figure 29, shows that,  for  Pneumonia in three studies (94-96) the PCV RR was found to be 0.75 

with a p-value (p<0.0001), 95% CI (0.59, 0.84) and 92,689 participants were included and there 

was high heterogeneity across the studies= 76%. Number of event was acquired from the first 

episode with respect to total number of participants. The efficacy of pooled analysis of the PCV 

vaccine against Pneumonia disease was found to be 25%, i.e., the risk of developing Pneumonia 

for those who received the vaccine was 75 % as high as developing Pneumonia in those who 

didn’t get the vaccine or PCV vaccine was 25% effective in reducing the risk of acquiring 

Pneumonia disease.  

 

Figure 30: PCV efficacy against Pneumonia all episodes vs 1
st
. 

 

 

Figure 30, shows that, for all episodes of Pneumonia in two studies (94, 95) the PCV RR was 

found to be 0.83 with a p-value (p=0.0006), 95% CI (0.75, 0.92) and 76,349 participants were 
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included and there was no heterogeneity across the studies= 0%. Number of event was acquired 

from the first episode with respect to total number of participants. The efficacy of pooled 

analysis of the PCV vaccine against Pneumonia disease was found to be 17%, i.e., the risk of 

developing Pneumonia for those who received the vaccine was 83 % as high as developing 

Pneumonia in those who didn’t get the vaccine or PCV vaccine was 17% effective in reducing 

the risk of acquiring Pneumonia disease.  

For first episode of Pneumonia in one study (96) the PCV RR was found to be 0.65 with a p-

value (p<0.00001), 95% CI (0.56, 0.74) and 16,340 participants were included. Number of event 

was acquired from the first episode with respect to total number of participants. The efficacy of 

single analysis of the PCV vaccine against Pneumonia disease was found to be 35%.  

The overall analysis of the difference between the two sub groups was found to be statistically 

significant with p value (p=0.004) and I²=87.8%. 

 

Figure 31: PCV efficacy against 1
st
 episode of IPD. 

 

 

Figure 31, shows that, for first episode of IPD in three studies (94, 96, 97) the PCV RR was 

found to be 0.48 with a p-value (p<0.00001), 95% CI (0.37, 0.61) and 96,012 participants were 

included and there was moderate heterogeneity across the studies= 56%. Number of event was 

acquired from the first or only episode with respect to total number of participants. The efficacy 

of pooled analysis of the PCV vaccine against IPD was found to be 52%, i.e., the risk of 

developing IPD for those who received the vaccine was 48 % as high as developing IPD in those 

who didn’t get the vaccine or PCV vaccine was 52% effective in reducing the risk of acquiring 

IPD. 

 

Figure 32: PCV efficacy against severe Pneumonia. 
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Figure 32, shows that, for severe Pneumonia in two studies (95, 96) the PCV RR was found to be 

0.84 with a p-value (p=0.0009), 95% CI (0.76, 0.93) and 52,853 participants were included and 

there was no heterogeneity across the studies= 0%. Number of event was acquired from the first 

episode with respect to total number of participants. The efficacy of pooled analysis of the PCV 

vaccine against severe Pneumonia disease was found to be 16%, i.e., the risk of developing 

Pneumonia for those who received the vaccine was 84 % as high as developing Pneumonia in 

those who didn’t get the vaccine or PCV vaccine was 16% effective in reducing the risk of 

acquiring Pneumonia disease. 

 

Figure 33: PCV efficacy against Pneumonia in HIV negative individuals. 

 

 

Figure 33, shows that, for Pneumonia n HIV –ve individuals in four studies (94, 95, 97, 98) the 

PCV RR was found to be 0.79 with a p-value (p=0.0003), 95% CI (0.70, 0.90) and 52,853 

participants were included and there was no heterogeneity across the studies= 0%. Number of 

event was acquired from the first or only episode with respect to total number of participants. 

The efficacy of pooled analysis of the PCV vaccine against Pneumonia disease in HIV –ve 

individuals was found to be 21%, i.e., the risk of developing Pneumonia for those who received 

the vaccine was 79 % as high as developing Pneumonia in those who didn’t get the vaccine or 

PCV vaccine was 21% effective in reducing the risk of acquiring Pneumonia disease.  
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Figure 34: PCV efficacy against Pneumonia in HIV positive individuals. 

 

 

Figure 34, shows that, for Pneumonia in HIV +ve individuals four studies (94, 95, 97, 98) the 

PCV RR was found to be 0.85 with a p-value (p=0.008), 95% CI (0.75, 0.96) and 82,073 

participants were included and there was low heterogeneity across the studies= 31%. Number of 

event was acquired from the first episode with respect to total number of participants. The 

efficacy of pooled analysis of the PCV vaccine against Pneumonia disease in HIV +ve 

individuals was found to be 15%, i.e., the risk of developing Pneumonia for those who received 

the vaccine was 85 % as high as developing Pneumonia in those who didn’t get the vaccine or 

PCV vaccine was 15% effective in reducing the risk of acquiring Pneumonia disease. 

 

Figure 35: PCV efficacy against severe Pneumonia in HIV negative individuals. 

 

Figure 35, shows that, for severe Pneumonia in HIV -ve individuals two studies (95, 98) the PCV 

RR was found to be 0.87 with a p-value (p=0.005), 95% CI (0.80, 0.96) and 82,073 participants 

were included and there was no heterogeneity across the studies= 0%. Number of event was 

acquired from the first episode with respect to total number of participants. The efficacy of 

pooled analysis of the PCV vaccine against severe Pneumonia disease in HIV -ve individuals 

was found to be 13%, i.e., the risk of developing severe Pneumonia for those who received the 
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vaccine was 87 % as high as developing Pneumonia in those who didn’t get the vaccine or PCV 

vaccine was 13% effective in reducing the risk of acquiring severe Pneumonia disease. 

 

Figure 36: PCV efficacy against severe Pneumonia in HIV positive individuals. 

 

 

Figure 36, shows that, for severe Pneumonia in HIV +ve individuals two studies (95, 98) the 

PCV RR was found to be 0.83 with a p-value (p=0.005), 95% CI (0.80, 0.96) and 4,978 

participants were included and there was no heterogeneity across the studies= 0%. Number of 

event was acquired from the first episode with respect to total number of participants. The 

efficacy of pooled analysis of the PCV vaccine against severe Pneumonia disease in HIV +ve 

individuals was found to be 17%, i.e., the risk of developing severe Pneumonia for those who 

received the vaccine was 83 % as high as developing Pneumonia in those who didn’t get the 

vaccine or PCV vaccine was 17% effective in reducing the risk of acquiring severe Pneumonia 

disease. 

 

Table 11: Summary of findings of included studies in the Pneumonia vaccine SR/MA: 

Pneumonia vaccine compared to any other standard care for Pneumonia disease prevention 

Patient or population: Pneumonia disease prevention  

Setting: settings in African countries  

Intervention: Pneumonia vaccine  

Comparison: any other standard care  

Outcomes 

Anticipated absolute effects*(95% CI) 

Relative effect 

(95% CI)  

№ of participants  

(studies)  

Certainty of the 

evidence 

(GRADE)  

Comm

ents Risk with any other 

standard care  

Risk with Pneumonia 

vaccine 

Pneumonia vaccine against 

Pneumonia disease  
27 per 1,000  

20 per 1,000 

(19 to 22) 

RR 0.75 

(0.69 to 0.82) 

92689 

(3 RCTs)  

⨁⨁⨁⨁ 

HIGH 
 



69 
 

Table 11: Summary of findings of included studies in the Pneumonia vaccine SR/MA: 

Pneumonia vaccine compared to any other standard care for Pneumonia disease prevention 

Patient or population: Pneumonia disease prevention  

Setting: settings in African countries  

Intervention: Pneumonia vaccine  

Comparison: any other standard care  

Outcomes 

Anticipated absolute effects*(95% CI) 

Relative effect 

(95% CI)  

№ of participants  

(studies)  

Certainty of the 

evidence 

(GRADE)  

Comm

ents Risk with any other 

standard care  

Risk with Pneumonia 

vaccine 

Pneumonia vaccine against 

1st episode of IPD 
4 per 1,000  

2 per 1,000 

(1 to 2) 

RR 0.48 

(0.37 to 0.61) 

96012 

(3 RCTs)  

⨁⨁⨁⨁ 

HIGH 
 

Pneumonia vaccine against 

Severe Pneumonia 
31 per 1,000  

26 per 1,000 

(23 to 29) 

RR 0.84 

(0.76 to 0.93) 

52853 

(2 RCTs)  

⨁⨁⨁⨁ 

HIGH 
 

Pneumonia vaccine against 

Pneumonia disease in HIV -

ve individuals  

7 per 1,000  

6 per 1,000 

(5 to 7) 
RR 0.79 

(0.70 to 0.90) 

149060 

(4 RCTs)  

⨁⨁⨁◯ 

MODERATEa 
 

Pneumonia vaccine against 

Pneumonia disease in HIV 

+ve individuals  

14 per 1,000  

12 per 1,000 

(10 to 13) 
RR 0.85 

(0.75 to 0.96) 

82073 

(4 RCTs)  

⨁⨁⨁◯ 

MODERATEb 
 

Pneumonia vaccine against 

severe Pneumonia disease 

in HIV -ve individuals  

25 per 1,000  

21 per 1,000 

(20 to 24) 
RR 0.87 

(0.80 to 0.96) 

73772 

(2 RCTs)  

⨁⨁⨁◯ 

MODERATEc 
 

Pneumonia vaccine against 

severe Pneumonia in HIV 

+ve individuals 

182 per 1,000  

151 per 1,000 

(133 to 172) 
RR 0.83 

(0.73 to 0.94) 

4978 

(2 RCTs)  

⨁⨁⨁◯ 

MODERATEd 
 

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the 

intervention (and its 95% CI).  

 

CI: Confidence interval; RR: Risk ratio  

GRADE Working Group grades of evidence 

High certainty: We are very confident that the true effect lies close to that of the estimate of the effect 

Moderate certainty: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a 

possibility that it is substantially different 

Low certainty: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect 

Very low certainty: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect  

 

a. in one of the studies convenient sampling as used and new outcome measure was implemented.  
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b. in one of the studies convenient sampling was used and new outcome measure was implemented  

c. One study used convenient sampling and the outcome measure was new  

d. convenient sampling and new outcome measure was used. 

Table 11, shows the summary of findings included studies to assess the efficacy of PCV vaccine 

trials conducted in African countries.  

Discussion 

 

Based on the result of our assessment on the 18 registries; From the 26 single disease specific 

vaccine 17 and from 13 combination vaccines 4 multi-disease vaccines was found to have gone 

through trial which ranges from the lower 1 (Tetanus) vaccine trial per disease of interest to the 

highest of 119 (Malaria) vaccine trials in the single disease specific trials. Vaccine trials not 

found to be registered so far irrespective of age were; for hepatitis we found no hepatitis A 

registered trial, for Polio no bOPV registered trial, for meningitis we found no MenAC registered 

trial. And from the combination vaccines we found no registered trial for; DT, 

DTapHibHepBIPV, DTwPHib, MMR, DTwP, DTaP, Tdap, TdaPIPV and TD vaccines.  Though 

BCG and OPV is administrated in all African countries (100%) attributed to only 55 (15.5 %) 

and 2 (0.5%) of the trials, respectively whereas, Malaria vaccine which is administrated in 3 

(5.5%) of African countries attributed to 119 (33.6%) of the trials, and we found no vaccine trials 

terminated for futility. A narrative assessment done in ICTRP found 377 vaccine-related trials in 

Africa, with which malaria had the highest number, i.e., 20% (74) trials then HIV/AIDS with 

14% (55) trials. There were also 7% (26) trials on Tuberculosis infections and 6% (23) trials on 

Ebola disease (99). 

So far there is no evidence that combining antigens results in adverse reactions(100). But, the 

probability of a new safety issue from a combination vaccine is non-existent (101). So, it is 

important to undertake a trial to evaluate the potency of each antigenic component, the vaccines 

efficacious ability when it is combined to induce immunity, risk of possible reversion to toxicity, 

and also the presence of reaction with other vaccine components (100). 
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In the malaria review, 6 studies were included and a fixed effect was used to assess the effect 

size. For studies that followed both per protocol (PP) and intention to treat design (ITT), PP was 

used as the ITT was mostly measured after the first dose of the vaccine was administrated. For 

those who reported using only PP or ITT it was included in the analysis. The pooled result of our 

study showed that the highest efficacy was seen against severe malaria of both children and 

infants with 30% 95% CI (0.59, 0.84), whereas, the lowest was found to be in 1
st
 episode of 

malaria in infants with 20% 95% CI (0.75, 0.86). We believe, the fact (82, 84) used a recurrent 

event as an outcome measure might have affected the true level of efficacy of the RTS, S 

vaccine. With regards to SAEs, it was found to be a bit lower in vaccine group (9%), whereas, 

with regards to fatal SAEs there was no significant difference between the vaccine group and the 

control.  

The immunological mechanisms of protection against malaria aren’t known thoroughly yet, such 

as; what immune responses are induced in people, who are protected and who are not (102). 

Vaccines that are in use mostly show an efficacy which ranges from 70-80% whereas for malaria 

vaccine that might not be possible due to the organism’s complexity, i.e., its presence in the  

peripheral-blood compartment and its circulation alongside of immune cells and proteins26 , the 

antigenic variability of the parasite and the lack of reliable and predictive animal models (103). 

But as it’s the first developed vaccine against parasite it is a big mile-stone by going hand in 

hand with the present preventive measures. Currently, preventive interventions in malaria 

revolves on reduction of malaria transmission by insect vectors (insecticide spraying and the use 

of insecticide-treated bed nets), or using prophylactic treatment of defined population groups 

such as pregnant women, infants or children (104). However with the attempt to make an 

effective vaccine against malaria has delivered a malaria vaccine called Mosquirix given at 

month 0, 1, and 2 in children aged 5-17 month for severe malaria was 28.3% efficacy in phase 3 

(105). And this RTS,s vaccine has only about 30-50% an overall efficacy (106). With regards to 

safety issue of RTS,S vaccines, no serious adverse events were judged to be vaccine related 

(107). The 48-month follow-up period of the RTS, S vaccines in infants and young children  

showed an average protection rates of between 18–36% with 3–4 doses of the vaccine (108).  

Researchers believe after the waning of the vaccine, children are becoming more vulnerable 

which might be as a result of early RTS,S/AS01 vaccination averting the normal development of 
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malaria immunity (109). In contrary to that, clinical trials also suggest that pre-existing immunity 

induced immune tolerance, result in lower immunogenicity and efficacy of the malaria vaccine in 

African adults and malaria-exposed children. An additional three years of follow-up showed that 

RTS,S/AS01 vaccination might lead to periods of increased risk to uncomplicated malaria when 

vaccine-induced protection has waned (102).As vaccines have been linked with disease 

transmission such as; the polio vaccine, side effects related to malaria vaccine is affecting how 

the vaccine is perceived so the safety issue should be stressed on (110). 

 

In this influenza review, 10 studies were included and a fixed effect was used to assess the effect 

size. For studies that followed both per protocol (PP) and intention to treat analysis (ITT), PP 

was used. The pooled analysis for influenza vaccine efficacy the combined was found to be 36% 

95% CI (0.57, 0.72). The highest efficacy was seen in HIV positive adults with 67%, 95% CI 

(0.16, 0.66) and the lowest was seen in HIV positive infants with 21%, 95% CI (0.44, 1.42). 

There was a statistically significant difference between trials that were conducted in single-center 

and multi-center where studies conducted in single center were non-significant with 16%, 95% 

CI (0.84, 1.00) efficacy. LAIV were also found to have low efficacy with 19%, 95% CI (0.68, 

0.95). With regards to SAEs there was no significant difference between the vaccine and control 

group in the exposure in both Adult and children. In one of the study where the SAEs were 

presented in detail (90), there were 7 SAEs possibly related to vaccine 2, (1, Asthma and 1, 

Bronchopneumonia) in vaccine group and 5, (4, Pneumonia and 1, Guillain Barre like) in control 

group.    

A review which was done across different age intervals in the USA using a random effect model 

of RCTs had a higher pooled vaccine efficacy; in Adults aged 18-64 was 59% (95% CI 51–67) 

whereas in children aged 6 months to 7 years, the  pooled vaccine efficacy was 83% (95% CI 

69–91). And the overall vaccine efficacy was 59% (95% CI 4–82). The overall LAIV efficacy in 

healthy individuals also showed 42% (95% CI 21–57), in individuals aged 60–69 years 31%, in 

aged 70 years or older 57% whereas, in adults aged 18–49 years, it was found to be non-

significant (111).In contrary to our study a pooled efficacy of RCTs against PRC or culture 

confirmed influenza done irrespective of setting was 60% for LAIV (95% CI, 44%, 71%) and 

56% for TIV (95% CI, 43%, 66%) for all serotypes. Whereas for matched serotypes the VE for 
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LAIV was 77% (95% CI, 67%, 86%) and for TIV was 65% ( 95% CI, 57%, 72%) (112). A 

pooled efficacy of RCTs against lab confirmed influenza (LCI) irrespective of setting was 53%, 

(95% CI 29–69%) (113). 

In contrary to our finding in another review of observational studies in developed countries the 

efficacy of LAIV was found to be (42%; 95% CI, 30–52). And when analyzed based on different 

time frame the pooled efficacy of Trivalent LAIV was ;2011–2012 68%, (95% CI, 48–80), 

2012–2013 (43%; 95% CI, 27–56), 2013–2014 (83%; 95% CI, 25–96), 2015–2016 (48%; 95% 

CI, 29–61). And in comparison of trivalent and quadrivalent LAIV;  the efficacy of trivalent 

formulation  was (53%; 95% CI, 35–66) and a quadrivalent formulation was  (33%; 95% CI, 17–

46 (114).  

In reviews done irrespective of design; in health workers irrespective of setting the overall 

pooled influenza efficacy was found to be 60% (95% CI; 0.23–0.69), and the efficacy of 

influenza vaccine against laboratory confirmed influenza was found to be 88% 95% CI; 0.04–

0.41) which is higher than our finding (115)Similar to our finding in Adult individuals,  in HIV 

positive individuals in developed counties, irrespective of age the pooled efficacy was found to 

be 66%, (95% CI 0.18–0.64) (116). The pooled efficacy of influenza vaccine against confirmed 

influenza in infants born from vaccinated mother was 48% (95%CI: 33% to 59%) and the pooled 

vaccine efficacy of RCTs was found to be 36% (95%CI: 22% to 48%) (117).  

In low- and middle-income countries prevention of influenza could be challenging because 

circulation may not adapt to the traditional northern and southern hemisphere seasons for which 

the vaccine is formulated (67). It is known the immune response to vaccination in elderly is 

lower than young adults (64). Because trivalent influenza vaccines contain only a single B-

lineage strain and because circulation varies between seasons and regions the effect of vaccines 

is different depending on the vaccine and the B-lineages that is circulating dominantly (88).So, 

especially in young children, quadrivalent influenza vaccines containing both B lineages may 

reduce the risk of influenza illness and its associated morbidity and mortality (88). 

 

In the pneumonia review, 5 studies were included and a fixed effect was used to assess the effect 

size. For studies that followed both per protocol (PP) and intention to treat analysis (ITT), PP 
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was used. The pooled vaccine efficacy of PCV vaccine against Pneumonia was found to be 25%, 

95% CI (0.59, 0.84). the highest efficacy of the PCV vaccine was seen in against 1
st
 episode of 

IPD with 52%, 95% CI (0.37, 0.61) and the lowest was seen against severe Pneumonia in HIV 

negative individuals with 13%, 95% CI (0.80, 0.96). In efficacy acquired by assessing 

Pneumonia through Procalcitonin or C-reactive protein was found to be non-significant for both 

HIV positive and negative individuals with 11%, 95% CI (0.70, 1.14) and 15%, 95% CI (0.68, 

1.06) respectively. And 241 SAEs were reported by 1 study (96), 110 admissions were seen in 

the vaccine group and 119 in control group, 3, 9 death in vaccine group and 7, 12 deaths in 

control group at site and home, respectively. 1 death was definitely correlated with the vaccine in 

vaccine group.  

Similarly to our review, a review done from USA and south Africa irrespective of design, the 

pooled efficacy of PCV vaccine against IPD was found to be 45% , 95%CI (31.2, 56.1) in HIV 

infected individuals and 52.6%, CI (25.7, 69.8) in HIV negative individuals (118).In another 

review, done irrespective of study design, the PCV Vaccine efficacy against pneumonia was 

found to be 14% (95%CI, -199 to 76%). And the vaccine efficacy against IPD in elderly was 

found to be 32% (95%CI, 18-61%) which is lower finding than ours, but it could be as a result of 

difference in follow up time and age factor (119). 

Generally the incidence of invasive pneumococcal disease has decreased with the introduction of 

Pneumonia vaccine in both HIV positive and negative individuals and also in those vaccinated 

and non-vaccinated. Some studies undertaken after the introduction of PCVs have shown an 

increase in the incidence and prevalence of invasive disease and carriage caused by serotypes not 

included in the vaccine (non-vaccine-serotypes or NVT), called serotype replacement in both 

vaccinated individuals and non-vaccinated elderly (74). 

Conclusions and Recommendations 

 

5.1: conclusions 

  

The overall distribution of vaccine trials is found to be low based on the results found in the 

registries but since most of trials are still registered retrospectively, it may not be the true value 
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of the trials that are conducted in Africa to present. The overall efficacy of the three types of 

vaccines that are included in this review that were selected depending on the number of countries 

that conducted the diseases specific vaccine was found to be low. And in contrary to what we 

expected i.e. to have a lower efficacy in the presence of underlining comorbidities, the vaccine 

efficacy was found to be higher in those groups with adult population however in infants the 

presence of comorbidity did affect the efficacy of the vaccines. As the presence of underlining 

diseases weakens individuals’ response to a vaccine based on studies. Even though due to lack of 

diversity we could only test it in the influenza vaccine review. Where trials done in a multicenter 

setting showed higher efficacy and with-in the multi-center the ones done in multi-center/multi-

country showed higher efficacy than those in multi-center/single-country. No significant SAEs 

were found across the vaccines but we couldn’t conclude the vaccines are safe because, safety 

data of these studies were mainly acquired from phase 3 trials not phase 4, we couldn’t assess the 

safety issues identified from outside of a controlled environment i.e., for a long term effect and 

the issues seen in general populations.   

5.2: Recommendations 

 

From what we set out to assess, only the question with regards to age, study design and presence 

of medical condition were possible to be answered partially so in future it would be very helpful 

to researchers if the trials were to be designed in a way they could answer multiple questions. 

Also there were significant differences between trials conducted in multi and single center so our 

researchers should be encouraged to create an integrative work between countries because it can 

help us get a general view of the condition as it would have a holistic approach.   

Limitation of the study 

Due to the presence of a very limited number of reviews with the same outcome we couldn’t 

compare and contrast our results with other findings sufficiently. 

 

 



76 
 

Reference 

1. Guimarães LE, Baker B, Perricone C, Shoenfeld Y. Vaccines, adjuvants and autoimmunity. Pharmacol 

Res. 2015;100:190-209. 

2. Cupertino M, Resende M, Mayer N, Carvalho L, Siqueira-Batista R. Emerging and re-emerging human 

infectious diseases: A systematic review of the role of wild animals with a focus on public health impact. 

2020;13(3):99-106. 

3. Talisuna AO, Okiro EA, Yahaya AA, Stephen M, Bonkoungou B, Musa EO, et al. Spatial and temporal 

distribution of infectious disease epidemics, disasters and other potential public health emergencies in the World 

Health Organisation Africa region, 2016–2018. 2020;16(1):1-12. 

4. Kurgat PK, Kurgat AJ, Juma TOJAoBR. The Impact of Infectious Diseases on Kenya’s Health Diplomacy; 

An Inter-State Phenomenon. 2020;8(2):169-89. 

5. Mahmud AS, Martinez PP, He J, Baker RE. The Impact of Climate Change on Vaccine-Preventable 

Diseases: Insights From Current Research and New Directions. Current Environmental Health Reports. 

2020;7(4):384-91. 

6. Rheingans R, Atherly D, Anderson J. Distributional impact of rotavirus vaccination in 25 GAVI countries: 

Estimating dis;parities in benefits and cost-effectiveness. Vaccine. 2012;30:A15-A23. 

7. Levine MM. Immunogenicity and efficacy of oral vaccines in developing countries: lessons from a live 

cholera vaccine. https://doi.org/10.1186/1741-7007-8-129. BMC Biol 8, 129. 2010. 

8. Makenga G, Bonoli S, Montomoli E, Carrier T, Auerbach J. Vaccine Production in Africa: A Feasible 

Business Model for Capacity Building and Sustainable New Vaccine Introduction. Front Public Health. 2019;7:56. 

9. Turner HC, Thwaites GE, Clapham HE. Vaccine-preventable diseases in lower-middle-income countries. 

The Lancet Infectious Diseases. 2018;18(9):937-9. 

10. Tsekoa TL, Singh AA, Buthelezi SGJCoib. Molecular farming for therapies and vaccines in Africa. 

2020;61:89-95. 

11. Liu L, Oza S, Hogan D, Chu Y, Perin J, Zhu J, et al. Global, regional, and national causes of under-5 

mortality in 2000–15: an updated systematic analysis with implications for the Sustainable Development Goals. The 

Lancet. 2016;388(10063):3027-35. 

12. center tia. https://www.immune.org.nz/vaccines/vaccine-development/types-vaccines. 2020. 

13. Africa Vvf. Types of vaccines | Vaccines for Africa (uct.ac.za). 2017. 

14. Vetter V, Denizer G, Friedland LR, Krishnan J, Shapiro M. Understanding modern-day vaccines: what you 

need to know. Ann Med. 2018;50(2):110-20. 

15. CDC. Recommended Vaccinations by Age | CDC. 2016 

16. Europa H. https://www.healtheuropa.eu/led-direct-covid-19/103806/. 2018. 

17. WHO. Immunization, Vaccines and Biologicals (who.int).2021. 

18. Asturias EJ, Wharton M, Pless R, MacDonald NE, Chen RT, Andrews N, et al. Contributions and 

challenges for worldwide vaccine safety: The Global Advisory Committee on Vaccine Safety at 15 years. Vaccine. 

2016;34(29):3342-9. 

19. WHO. Immunization | WHO | Regional Office for Africa. 2020. 

20. Nandi A, Shet A. Why vaccines matter: understanding the broader health, economic, and child 

development benefits of routine vaccination. Human Vaccines & Immunotherapeutics. 2020;16(8):1900-4. 

21. Mihigo R, Okeibunor J, Masresha B, Mkanda P, Poy A, Zawaira F, et al. IMMUNIZATION AND 

VACCINE DEVELOPMENT: Progress towards High and Equitable Immunization Coverage in the Africa Region. 

Journal of immunological sciences. 2018;Suppl(1):1-9. 

22. Rodrigues CMC, Plotkin SA. Impact of Vaccines; Health, Economic and Social Perspectives. Front 

Microbiol. 2020;11:1526-. 

23. de Figueiredo A, Simas C, Karafillakis E, Paterson P, Larson HJ. Mapping global trends in vaccine 

confidence and investigating barriers to vaccine uptake: a large-scale retrospective temporal modelling study. The 

Lancet. 2020;396(10255):898-908. 

24. Weinberg GA, Szilagyi PG. Vaccine Epidemiology: Efficacy, Effectiveness, and the Translational 

Research Roadmap. The Journal of Infectious Diseases. 2010;201(11):1607-10. 

25. Songane M. Challenges for nationwide vaccine delivery in African countries. International Journal of 

Health Economics and Management. 2018;18(2):197-219. 

26. UNICEF. Immunization programme | UNICEF. 2020. 

27. Cooper S, Betsch C, Sambala EZ, McHiza N, Wiysonge CS. Vaccine hesitancy - a potential threat to the 

achievements of vaccination programmes in Africa. Hum Vaccin Immunother. 2018;14(10):2355-7. 

https://doi.org/10.1186/1741-7007-8-129
https://www.immune.org.nz/vaccines/vaccine-development/types-vaccines
https://www.healtheuropa.eu/led-direct-covid-19/103806/


77 
 

28. MacDonald N, Mohsni E, Al-Mazrou Y, Kim Andrus J, Arora N, Elden S, et al. Global vaccine action plan 

lessons learned I: Recommendations for the next decade. Vaccine. 2020;38(33):5364-71. 

29. Madhi SA, Rees H. Special focus on challenges and opportunities for the development and use of vaccines 

in Africa. Human Vaccines & Immunotherapeutics. 2018;14(10):2335-9. 

30. Clark LT, Watkins L, Piña IL, Elmer M, Akinboboye O, Gorham M, et al. Increasing Diversity in Clinical 

Trials: Overcoming Critical Barriers. Current Problems in Cardiology. 2019;44(5):148-72. 

31. Stronks K, Wieringa NF, Hardon A. Confronting diversity in the production of clinical evidence goes 

beyond merely including under-represented groups in clinical trials. Trials. 2013;14:177. 

32. Guerrera F, Renaud S, Tabbò F, Filosso PLJJoTD. How to design a randomized clinical trial: tips and tricks 

for conduct a successful study in thoracic disease domain. 2017. 2017;9(8):2692-6. 

33. Freidlin B, Korn EL, George SL, Gray R. Randomized Clinical Trial Design for Assessing Noninferiority 

When Superiority Is Expected. 2007;25(31):5019-23. 

34. Kendall JM. Designing a research project: randomised controlled trials and their principles. 

2003;20(2):164-8. 

35. Treweek S, Zwarenstein M. Making trials matter: pragmatic and explanatory trials and the problem of 

applicability. Trials. 2009;10(1):37. 

36. Cheng A, Kessler D, Mackinnon R, Chang TP, Nadkarni VM, Hunt EA, et al. Conducting multicenter 

research in healthcare simulation: Lessons learned from the INSPIRE network. Advances in Simulation. 

2017;2(1):6. 

37. Schwartz A, Young R, Hicks PJ. Medical education practice-based research networks: Facilitating 

collaborative research. Medical teacher. 2016;38(1):64-74. 

38. Cheng A, Hunt EA, Donoghue A, Nelson K, Leflore J, Anderson J, et al. EXPRESS—Examining Pediatric 

Resuscitation Education Using Simulation and Scripting: The Birth of an International Pediatric Simulation 

Research Collaborative—From Concept to Reality. 2011;6(1):34-41. 

39. Burnett E, Parashar U, Tate J. Rotavirus Vaccines: Effectiveness, Safety, and Future Directions. Paediatr 

Drugs. 2018;20(3):223-33. 

40. Rauch S, Jasny E, Schmidt KE, Petsch B. New Vaccine Technologies to Combat Outbreak Situations. 

2018;9(1963). 

41. Levine MM. Immunogenicity and efficacy of oral vaccines in developing countries: lessons from a live 

cholera vaccine. BMC Biology. 2010;8(1):129. 

42. Ross AG, Rahman M, Alam M, Zaman K, Qadri F. Can we ‘WaSH’ infectious diseases out of slums? 

International Journal of Infectious Diseases. 2020;92:130-2. 

43. Parker EP, Ramani S, Lopman BA, Church JA, Iturriza-Gómara M, Prendergast AJ, et al. Causes of 

impaired oral vaccine efficacy in developing countries. 2018;13(1):97-118. 

44. Vesikari T, Karvonen A, Prymula R, Schuster V, Tejedor JC, Cohen R, et al. Efficacy of human rotavirus 

vaccine against rotavirus gastroenteritis during the first 2 years of life in European infants: randomised, double-blind 

controlled study. Lancet. 2007;370(9601):1757-63. 

45. Madhi SA, Cunliffe NA, Steele D, Witte D, Kirsten M, Louw C, et al. Effect of human rotavirus vaccine on 

severe diarrhea in African infants. N Engl J Med. 2010;362(4):289-98. 

46. Hallander HO PM, Espinoza F et al. . Calibrated serological techniques demonstrate significant different 

serum response rates to an oral killed cholera vaccine between Swedish and Nicaraguan children. Vaccine 21(1–2), 

138–145 (2002). 2002. 

47. Gruber JF, Hille DA, Liu GF, Kaplan SS, Nelson M, Goveia MG, et al. Heterogeneity of Rotavirus 

Vaccine Efficacy Among Infants in Developing Countries. The Pediatric Infectious Disease Journal. 2017;36(1):72-

8. 

48. Armah GE, Sow SO, Breiman RF, Dallas MJ, Tapia MD, Feikin DR, et al. Efficacy of pentavalent 

rotavirus vaccine against severe rotavirus gastroenteritis in infants in developing countries in sub-Saharan Africa: a 

randomised, double-blind, placebo-controlled trial. Lancet. 2010;376(9741):606-14. 

49. Isanaka S, Guindo O, Langendorf C, Matar Seck A, Plikaytis BD, Sayinzoga-Makombe N, et al. Efficacy 

of a Low-Cost, Heat-Stable Oral Rotavirus Vaccine in Niger. 2017;376(12):1121-30. 

50. Serazin AC, Shackelton LA, Wilson C, Bhan MK. Improving the performance of enteric vaccines in the 

developing world. Nature immunology. 2010;11(9):769-73. 

51. Tissera MS, Cowley D, Bogdanovic-Sakran N, Hutton ML, Lyras D, Kirkwood CD, et al. Options for 

improving effectiveness of rotavirus vaccines in developing countries. Human Vaccines & Immunotherapeutics. 

2017;13(4):921-7. 



78 
 

52. Guerra Mendoza Y, Garric E, Leach A, Lievens M, Ofori-Anyinam O, Pirçon JY, et al. Safety profile of 

the RTS,S/AS01 malaria vaccine in infants and children: additional data from a phase III randomized controlled trial 

in sub-Saharan Africa. Hum Vaccin Immunother. 2019;15(10):2386-98. 

53. Macete E, Aponte JJ, Guinovart C, Sacarlal J, Ofori-Anyinam O, Mandomando I, et al. Safety and 

immunogenicity of the RTS,S/AS02A candidate malaria vaccine in children aged 1-4 in Mozambique. %J. 

54. Abdulla S, Salim N, Ballou WR, Omari RS, Juma O, Schellenberg GD, et al. Safety and immunogenicity 

of RTS,S/AS02D malaria vaccine in infants. %J. 2008. 

55. Otieno L, Oneko M, Otieno W, Abuodha J, Owino E, Odero C, et al. Safety and immunogenicity of 

RTS,S/AS01 malaria vaccine in infants and children with WHO stage 1 or 2 HIV disease: a randomised, double-

blind, controlled trial. Lancet Infect Dis. 2016;16(10):1134-44. 

56. Moncunill G, De Rosa SC, Ayestaran A, Nhabomba AJ, Mpina M, Cohen KW, et al. RTS,S/AS01E 

Malaria Vaccine Induces Memory and Polyfunctional T Cell Responses in a Pediatric African Phase III Trial %J 

Frontiers in Immunology. 2017;8. 

57. Kurtovic L, Agius PA, Feng G, Drew DR, Ubillos I, Sacarlal J, et al. Induction and decay of functional 

complement-fixing antibodies by the RTS,S malaria vaccine in children, and a negative impact of malaria exposure 

%J BMC Medicine. 2019;17. 

58. Ajua A, Lell B, Agnandji ST, Asante KP, Owusu-Agyei S, Mwangoka G, et al. The effect of immunization 

schedule with the malaria vaccine candidate RTS,S/AS01E on protective efficacy and anti-circumsporozoite protein 

antibody avidity in African infants %J Malaria Journal. 2015;14. 

59. Otieno L, Guerra Mendoza Y, Adjei S, Agbenyega T, Agnandji ST, Aide P, et al. Safety and 

immunogenicity of the RTS,S/AS01 malaria vaccine in infants and children identified as HIV-infected during a 

randomized trial in sub-Saharan Africa. Vaccine. 2019;38(4):897-906. 

60. Lell B, Agnandji S, von Glasenapp I, Haertle S, Oyakhiromen S, Issifou S, et al. A Randomized Trial 

Assessing the Safety and Immunogenicity of AS01 and AS02 Adjuvanted RTS,S Malaria Vaccine Candidates in 

Children in Gabon %J PLoS ONE. 2009;4(10). 

61. Agnandji ST, Fendel R, Mestré M, Janssens M, Vekemans J, Held J, et al. Induction of Plasmodium 

falciparum-Specific CD4+ T Cells and Memory B Cells in Gabonese Children Vaccinated with RTS,S/AS01E and 

RTS,S/AS02D %J PLoS ONE. 2011;6(4). 

62. Agnandji ST, Fernandes JF, Bache EB, Ramharter M. Clinical development of RTS,S/AS malaria vaccine: 

a systematic review of clinical Phase I-III trials. %J Future microbiology.10(10). 

63. Agnandji ST, Lell B, Soulanoudjingar SS, Fernandes JF, Abossolo BP, Conzelmann C, et al. First results of 

phase 3 trial of RTS,S/AS01 malaria vaccine in African children. N Engl J Med. 2011;365(20):1863-75. 

64. van Essen GA, Beran J, Devaster JM, Durand C, Duval X, Esen M, et al. Influenza symptoms and their 

impact on elderly adults: randomised trial of AS03-adjuvanted or non-adjuvanted inactivated trivalent seasonal 

influenza vaccines. Influenza Other Respir Viruses. 2014;8(4):452-62. 

65. Simões EAF, Nunes MC, Carosone-Link P, Madimabe R, Ortiz JR, Neuzil KM, et al. Trivalent influenza 

vaccination randomized control trial of pregnant women and adverse fetal outcomes. Vaccine. 2019;37(36):5397-

403. 

66. Omer SB, Clark DR, Madhi SA, Tapia MD, Nunes MC, Cutland CL, et al. Efficacy, duration of protection, 

birth outcomes, and infant growth associated with influenza vaccination in pregnancy: a pooled analysis of three 

randomised controlled trials. Lancet Respir Med. 2020;8(6):597-608. 

67. Diallo A, Diop OM, Diop D, Niang MN, Sugimoto JD, Ortiz JR, et al. Effectiveness of Seasonal Influenza 

Vaccination in Children in Senegal During a Year of Vaccine Mismatch: A Cluster-randomized Trial. Clin Infect 

Dis. 2019;69(10):1780-8. 

68. Frenck RW, Jr., Gurtman A, Rubino J, Smith W, van Cleeff M, Jayawardene D, et al. Randomized, 

controlled trial of a 13-valent pneumococcal conjugate vaccine administered concomitantly with an influenza 

vaccine in healthy adults. Clin Vaccine Immunol. 2012;19(8):1296-303. 

69. Roca A, Dione MM, Bojang A, Townend J, Egere U, Darboe O, et al. Nasopharyngeal carriage of 

pneumococci four years after community-wide vaccination with PCV-7 in The Gambia: long-term evaluation of a 

cluster randomized trial. PLoS One. 2013;8(9):e72198. 

70. Roca A, Hill PC, Townend J, Egere U, Antonio M, Bojang A, et al. Effects of community-wide vaccination 

with PCV-7 on pneumococcal nasopharyngeal carriage in the Gambia: a cluster-randomized trial. PLoS Med. 

2011;8(10):e1001107. 

71. Roca A, Bottomley C, Hill PC, Bojang A, Egere U, Antonio M, et al. Effect of age and vaccination with a 

pneumococcal conjugate vaccine on the density of pneumococcal nasopharyngeal carriage. Clin Infect Dis. 

2012;55(6):816-24. 



79 
 

72. Madhi SA, Koen A, Jose L, van Niekerk N, Adrian PV, Cutland C, et al. Vaccination with 10-valent 

pneumococcal conjugate vaccine in infants according to HIV status. Medicine. 2017;96(2):e5881. 

73. Feazel LM, Santorico SA, Robertson CE, Bashraheil M, Scott JA, Frank DN, et al. Effects of Vaccination 

with 10-Valent Pneumococcal Non-Typeable Haemophilus influenza Protein D Conjugate Vaccine (PHiD-CV) on 

the Nasopharyngeal Microbiome of Kenyan Toddlers. PLoS One. 2015;10(6):e0128064. 

74. Ibarz-Pavon AB, French N. No changes on viral load and CD4+ T-cell counts following immunization with 

7-valent pneumococcal conjugate vaccine among HIV-infected adults in Malawi. Vaccine. 2018;36(19):2504-6. 

75. Hammitt LL, Ojal J, Bashraheil M, Morpeth SC, Karani A, Habib A, et al. Immunogenicity, impact on 

carriage and reactogenicity of 10-valent pneumococcal non-typeable Haemophilus influenzae protein D conjugate 

vaccine in Kenyan children aged 1-4 years: a randomized controlled trial. PLoS One. 2014;9(1):e85459. 

76. Dagan R, Patterson S, Juergens C, Greenberg D, Givon-Lavi N, Porat N, et al. Comparative 

immunogenicity and efficacy of 13-valent and 7-valent pneumococcal conjugate vaccines in reducing 

nasopharyngeal colonization: a randomized double-blind trial. Clin Infect Dis. 2013;57(7):952-62. 

77. fact W. WHO | Circulating vaccine-derived poliovirus type 2 – Sudan. 2020. 

78. WHO. WHO vaccine-preventable diseases: monitoring system.2020 global summary 

https://apps.who.int/immunization_monitoring/globalsummary/schedules. 2020. 

79. Africa Vvf. http://www.vacfa.uct.ac.za/immunization-schedules-africa. 2020. 

80. Higgins JPT GSe. Cochrane Handbook for Systematic Reviews of Interventions Version 5.1.0 [updated 

March 2011]. The Cochrane Collaboration, 2011. Available from, www.handbook.cochrane.org. 2011. 

81. GRADEpro. https://gdt.gradepro.org/. 

82. Han L, Hudgens MG, Emch ME, Juliano JJ, Keeler C, Martinson F, et al. RTS,S/AS01 Malaria Vaccine 

Efficacy is Not Modified by Seasonal Precipitation: Results from a Phase 3 Randomized Controlled Trial in Malawi 

%J Scientific Reports. 2017;7. 

83. Agnandji ST, Lell B, Fernandes JF, Abossolo BP, Methogo BG, Kabwende AL, et al. A phase 3 trial of 

RTS,S/AS01 malaria vaccine in African infants. N Engl J Med. 2012;367(24):2284-95. 

84. Krishna S. Efficacy and Safety of the RTS,S/AS01 Malaria Vaccine during 18 Months after Vaccination: A 

Phase 3 Randomized, Controlled Trial in Children and Young Infants at 11 African Sites %J PLoS Medicine. 

2014;11(7). 

85. Madhi SA, Maskew M, Koen A, Kuwanda L, Besselaar TG, Naidoo D, et al. Trivalent inactivated 

influenza vaccine in African adults infected with human immunodeficient virus: double blind, randomized clinical 

trial of efficacy, immunogenicity, and safety. Clin Infect Dis. 2011;52(1):128-37. 

86. Tapia MD, Sow SO, Tamboura B, Tégueté I, Pasetti MF, Kodio M, et al. Maternal immunisation with 

trivalent inactivated influenza vaccine for prevention of influenza in infants in Mali: a prospective, active-controlled, 

observer-blind, randomised phase 4 trial. Lancet Infect Dis. 2016;16(9):1026-35. 

87. Mutsaerts E, Madhi SA, Cutland CL, Jones S, Hugo A, Trenor S, et al. Influenza vaccination of pregnant 

women protects them over two consecutive influenza seasons in a randomized controlled trial. Expert Rev Vaccines. 

2016;15(8):1055-62. 

88. Pepin S, Dupuy M, Borja-Tabora CFC, Montellano M, Bravo L, Santos J, et al. Efficacy, immunogenicity, 

and safety of a quadrivalent inactivated influenza vaccine in children aged 6-35 months: A multi-season randomised 

placebo-controlled trial in the Northern and Southern Hemispheres. Vaccine. 2019;37(13):1876-84. 

89. Victor JC, Lewis KD, Diallo A, Niang MN, Diarra B, Dia N, et al. Efficacy of a Russian-backbone live 

attenuated influenza vaccine among children in Senegal: a randomised, double-blind, placebo-controlled trial. 

Lancet Glob Health. 2016;4(12):e955-e65. 

90. De Villiers PJ, Steele AD, Hiemstra LA, Rappaport R, Dunning AJ, Gruber WC, et al. Efficacy and safety 

of a live attenuated influenza vaccine in adults 60 years of age and older. Vaccine. 2009;28(1):228-34. 

91. Madhi SA, Dittmer S, Kuwanda L, Venter M, Cassim H, Lazarus E, et al. Efficacy and immunogenicity of 

influenza vaccine in HIV-infected children: a randomized, double-blind, placebo controlled trial. Aids. 

2013;27(3):369-79. 

92. Nunes MC, Cutland CL, Jones S, Hugo A, Madimabe R, Simões EA, et al. Duration of Infant Protection 

Against Influenza Illness Conferred by Maternal Immunization: Secondary Analysis of a Randomized Clinical Trial. 

JAMA pediatrics. 2016;170(9):840-7. 

93. Madhi SA, Cutland CL, Kuwanda L, Weinberg A, Hugo A, Jones S, et al. Influenza vaccination of 

pregnant women and protection of their infants. N Engl J Med. 2014;371(10):918-31. 

94. Klugman KP, Madhi SA, Huebner RE, Kohberger R, Mbelle N, Pierce N. A trial of a 9-valent 

pneumococcal conjugate vaccine in children with and those without HIV infection. N Engl J Med. 

2003;349(14):1341-8. 

https://apps.who.int/immunization_monitoring/globalsummary/schedules
http://www.vacfa.uct.ac.za/immunization-schedules-africa
file:///C:/Users/HP/Desktop/www.handbook.cochrane.org
https://gdt.gradepro.org/


80 
 

95. Madhi SA, Kuwanda L, Cutland C, Klugman KP. The impact of a 9-valent pneumococcal conjugate 

vaccine on the public health burden of pneumonia in HIV-infected and -uninfected children. Clin Infect Dis. 

2005;40(10):1511-8. 

96. Cutts FT, Zaman SM, Enwere G, Jaffar S, Levine OS, Okoko JB, et al. Efficacy of nine-valent 

pneumococcal conjugate vaccine against pneumonia and invasive pneumococcal disease in The Gambia: 

randomised, double-blind, placebo-controlled trial. Lancet. 2005;365(9465):1139-46. 

97. Madhi SA, Adrian P, Kuwanda L, Jassat W, Jones S, Little T, et al. Long-term immunogenicity and 

efficacy of a 9-valent conjugate pneumococcal vaccine in human immunodeficient virus infected and non-infected 

children in the absence of a booster dose of vaccine. Vaccine. 2007;25(13):2451-7. 

98. Madhi SA, Kohler M, Kuwanda L, Cutland C, Klugman KP. Usefulness of C-reactive protein to define 

pneumococcal conjugate vaccine efficacy in the prevention of pneumonia. Pediatr Infect Dis J. 2006;25(1):30-6. 

99. duduzile Ndwandwe KD, Lindi Mathebula, Charles S. Wiysonge. Description of vaccine clinical trials in 

Africa: a narrative review, https://doi.org/10.1080/21645515.2019.1693720. 2019. 

100. WHO. Module 2: Type of vaccines and adverse reactions, https://vaccine-safety-training.org/combination-

vaccines.html. 2021. 

101. Ellenberg SS. Evaluating the Safety of Combination Vaccine. Clinical Infectious Diseases. 

2001;33(Supplement_4):S319-S22. 

102. Palacpac NMQ, Horii T. Malaria vaccines: facing unknowns. F1000Research. 2020;9. 

103. Mahmoudi S, Keshavarz H. Efficacy of Phase 3 Trial of RTS, S/AS01 Malaria Vaccine in infants: a 

systematic review and meta-analysis. Hum Vaccin Immunother. 2017:0. 

104. Sauboin CJ, Van Bellinghen LA, Van De Velde N, Van Vlaenderen I. Potential public health impact of 

RTS,S malaria candidate vaccine in sub-Saharan Africa: a modelling study. Malar J. 2015;14:524. 

105. Nema S, Ghanghoria, P. & Bharti, P.K. . Malaria Elimination in India: Bridging the Gap Between Control 

and Elimination. Indian Pediatr 57, 613–617 (2020). https://doi.org/10.1007/s13312-020-1888-5. 2020. 

106. Thangavelu U Arumugam DI, Eizo Takashima, Mayumi Tachibana, Tomoko Ishino, Motomi Torii & 

Takafumi Tsuboi  Application of wheat germ cell-free protein expression system for novel malaria vaccine 

candidate discovery, Expert Review of Vaccines, 13:1, 75-85, DOI: 10.1586/14760584.2014.861747. 2014. 

107. Gelband PGaH. Vaccines for preventing malaria (pre‐erythrocytic). 2006. 

108. Ogeto T NF, Murithi M et al. . Malaria vaccines targeting the pre-erythrocytic stage: a scoping review 

[version 1; peer review: 1 not approved]. F1000Research 2020, 9:680 

(https://doi.org/10.12688/f1000research.24320.1). 2020. 

109. Aaby P, Rodrigues A, Kofoed P-E, Benn CS. RTS,S/AS01 malaria vaccine and child mortality, 

Published:October 31, 2015DOI:https://doi.org/10.1016/S0140-6736(15)00693-5, 2015. 

110. Dimala CA KB, Kadia BM, Blencowe H. Current challenges and proposed solutions to the effective 

implementation of the RTS, S/AS01 Malaria Vaccine Program in sub-Saharan Africa: A systematic review. PLOS 

ONE 13(12): e0209744. https://doi.org/10.1371/journal.pone.0209744. 2018. 

111. Osterholm MT, Kelley NS, Sommer A, Belongia EA. Efficacy and effectiveness of influenza vaccines: a 

systematic review and meta-analysis. Lancet Infect Dis. 2012;12(1):36-44. 

112. Tricco1 AC,  AC, 3, Charlene Soobiah1,  DH,  GM,  MHC, , et al. Comparing influenza vaccine efficacy 

against mismatched and matched strains: a systematic review and meta-analysis 2013. 

113. Quach THT, Mallis, N.A. & Cordero, J.F. . Influenza Vaccine Efficacy and Effectiveness in Pregnant 

Women: Systematic Review and Meta-analysis. Matern Child Health J 24, 229–240 (2020). 

https://doi.org/10.1007/s10995-019-02844-y. 2020. 

114. Herve Caspard RMM, Jing Yu, Christopher S. Ambrose, . Live-Attenuated Influenza Vaccine 

Effectiveness in Children From 2009 to 2015–2016: A Systematic Review and Meta-Analysis, Open Forum 

Infectious Diseases, Volume 4, Issue 3, Summer 2017, ofx111, https://doi.org/10.1093/ofid/ofx111. 2017. 

115. Imai C TM, Hall L, Lambert S, Halton K, et al. (2018) A systematic review and meta-analysis of the direct 

epidemiological and economic effects of seasonal influenza vaccination on healthcare workers. PLOS ONE 13(6): 

e0198685. https://doi.org/10.1371/journal.pone.0198685. A systematic review and meta-analysis of the direct 

epidemiological and economic effects of seasonal influenza vaccination on healthcare workers. 2018. 

116. A Anema EM, J Montaner, JS Brownstein, C Cooper. Efficacy of influenza vaccination in HIV-positive 

patients: a systematic review and meta-analysis 2008. 

117. Madhi MCNSA. Influenza vaccination during pregnancy for prevention of influenza confirmed illness in 

the infants: A systematic review and meta-analysis, Human Vaccines & Immunotherapeutics, 14:3, 758-766, DOI: 

10.1080/21645515.2017.1345385. 2018. 

https://doi.org/10.1080/21645515.2019.1693720
https://vaccine-safety-training.org/combination-vaccines.html
https://vaccine-safety-training.org/combination-vaccines.html
https://doi.org/10.1007/s13312-020-1888-5
https://doi.org/10.12688/f1000research.24320.1
https://doi.org/10.1016/S0140-6736(15)00693-5
https://doi.org/10.1371/journal.pone.0209744
https://doi.org/10.1007/s10995-019-02844-y
https://doi.org/10.1093/ofid/ofx111
https://doi.org/10.1371/journal.pone.0198685


81 
 

118. Vardanjani HM, Borna, H. & Ahmadi, A. . Effectiveness of pneumococcal conjugate vaccination against 

invasive pneumococcal disease among children with and those without HIV infection: a systematic review and 

meta-analysis. BMC Infect Dis 19, 685 (2019). https://doi.org/10.1186/s12879-019-4325-4. 2019. 

119. Puig-Barberà J BVA, Goterris Pinto M, Brines Benlliure MJ. Pneumococcal vaccine effectiveness in the 

elderly. Systematic review and meta-analysis]. Atencion Primaria. 2002 Sep;30(5):269-81; discussion 281-3. DOI: 

10.1016/s0212-6567(02)79027-6. PMID: 12372207; PMCID: PMC7684164. 2002. 

 

 

Annex 

Table of: Type of vaccine for vaccines preventable diseases. 

No. Available vaccines Pipeline vaccines 

1 Cholera Campylobacter jejun 

2 Dengue Chagas Disease 

3 Diphtheria Chikungunya 

4 Hepatitis Dengue 

5 Haemophilus influenzae type b (Hib) Enterotoxigenic Escherichia col 

6 Human papillomavirus (HPV) Enterovirus 71 (EV71) 

7 Influenza Group B Streptococcus (GBS) 

8 Japanese encephalitis Herpes Simplex Virus 

9 Malaria HIV-1 

10 Measles Human Hookworm Disease 

11 Meningococcal meningitis Leishmaniasis Disease 

12 Mumps Malaria 

13 Pertussis Nipah Virus 

14 Pneumococcal disease Nontyphoidal Salmonella Disease 

15 Poliomyelitis Norovirus 

16 Rabies Paratyphoid fever 

17 Rotavirus Respiratory Syncytial Virus (RSV) 

18 Tetanus Schistosomiasis Disease 

19 Tick-borne encephalitis Shigella 

20 Tuberculosis Staphylococcus aureus 

21 Typhoid Streptococcus pneumonia 

22 Varicella Streptococcus pyrogenes 

23 Yellow Fever Tuberculosis 

24  Universal Influenza Vaccine 

Source: WHO 2021, Immunization, Vaccines and Biologicals (who.int) 
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