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attributed to measles; this when translated further indicates about 380 deaths every day and more 
precisely 15 deaths every hour. (1) Measles occurs because of failure to vaccinate eligible children 
despite the availability of safe, effective vaccine. (2) Over the past 30 years most countries in Sub-
Saharan Africa have relied on a single dose of Measles vaccination given at 9 months to protect 
children against Measles. (2)
     A single dose of measles is not enough to attain at least 95% coverage, with >90% coverage 
needed to build herd immunity. (3) Only 85% of children who receive MCV1 will seroconvert, nece-
ssitating an opportunity to revaccinate and protect the 15% who failed to seroconvert. The second 
dose will provide opportunity to vaccinate children who missed the first dose in the first year of life. 
(3) Currently, 70% of all measles cases of all measles cases are among children under 5 years of 
age who missed being vaccinated in the first year of life, hence the need to provide an opportunity 
for them to be vaccinated within the second year of life. The mortality and morbidity from measles 
and the cost of conducting SIAs in response to frequent measles outbreaks will be reduced with the 
introduction of MCV2 into the routine immunization schedule. (3) Measles elimination is still a 
problem for most countries. Elimination of Measles is defined as the absence of continuous mea-
sles transmission for more than 12 months. The United States of America was able to achieve this 
elimination target in the year 2000 following a robust effective vaccination program and other control 
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Measles is one of the major childhood killer diseases among the under-fives especially from 
countries of Sub-Saharan Africa. (1) In 2010, there were at least 139, 300 deaths globally 
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Abstract:
Background: The Global Measles Elimination Program was initiated in the year 2000 with a target of 90 and 80 
percent vaccine coverages at national level and local levels respectively by the end of 2015. The target was later 
reviewed to year 2020. However, despite the availability of an effective measles vaccine for over five decades, 
this target has not been reached in most African countries with outbreaks of measles occurring periodically. 
Consequently, an innovative measles vaccine delivery mechanisms and technologies are necessary and timely 
for achieving measles elimination targets especially in Africa and globally at large. We set out to review public-
ations and researches made in the area on global innovative approaches for measles vaccine delivery and their 
applicability in African setting.

Methods: We used the Preferred Reporting Items for Systematic Review and Meta-Analysis (or 'PRISMA') guide-
lines to search the PubMed, Cochrane database, African Journals Online and Google Scholar for articles report-
ing on the innovative approaches to Measles vaccine delivery between January 2010 to January 2019. Twenty-
two eligible articles were considered for the qualitative synthesis.

Results: We identified 4948 publications, of which only 22 were eligible. The reviewed papers showed that micro-
needles patches have been developed to eliminate the need for syringes, diluents and accessories in measles 
vaccine delivery, another innovation is the use of aerosolized measles vaccine delivery using puff inhalers. Thermo
stable vaccines to eliminate the need for cold chain and improve vaccine potency are another positive area.
One (4.5%) study each reported on micro-needle patches, thermostable vaccines, mono-dose prefilled vaccine 
delivery, vitamin A supplementation to improve measles vaccine coverage and improvement in access to vaccine. 
Two (9.2%) studies reported on each of second dose of measles vaccination. Three (13.7%) studies reported on 
pulmonary/aerosol vaccination and community engagement. Nine (40.9%) studies reported on vaccine delivery 
to infants at age less than 9 months.

Conclusion: Our results elucidated innovative approaches to measles vaccine delivery that revolves around the
microneedle patches, pulmonary/aerosol vaccination, thermostable vaccine, mono-dose prefilled vaccine delivery. 
Other areas involved given considerations for vaccine delivery to infants at age less than 9 months and given 
second dose of measles vaccination. Vitamin A supplementation, community engagements and use of inform-
ation technology improves measles vaccine coverage.
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measures even though vaccine hesitancy is now fueling 
massive measles resurgence in the country. (4)
     The World Health Organization (WHO) global 
measles elimination strategy by 2020 has identified that 
measles elimination should be within the context of 
strengthening routine immunization service delivery 
coupled with upgrading research and innovation to this
aspect. (5)
     There are limited reference laboratories in Africa 
that can diagnose Measles when they do occur and 
resources for outbreak management are usually diffi-
cult to mobilize. There are various vaccine delivery 
methods developed and some are under development 
that if utilized properly by countries of Sub-Saharan 
Africa would revolutionized measles immunization to
a next and better level. (6)

Objectives: The objectives of this manuscript are to 
review publications and researches made in the area 
of innovations towards the delivery of measles vaccine 
with a focus on Sub-Saharan Africa.

Methodology

Overview of study protocol: The systematic review was 
conducted in line with the preferred reporting Items for 
systematic reviews and meta-analysis (or 'PRISMA') 
guidelines. (7) The protocol for this study was develop-
ed by the authors and the full version is available on
request

Search strategy: We searched Google Scholars, 
Medline, African Journals Online (AJOL), PubMed and 
Cochrane Library for articles published from 01 January 
2010 to 01 January 2019. The search terms used were 
“innovations'' OR ''new advancements'' OR ''new tech-
nology'' AND ''Measles vaccine delivery.'  

Study selection criteria: Articles were included for the  
review provided they reported on innovations or new 
technologies used in Measles vaccine delivery and 
were published from January 2010 to January 2019. 
We included articles irrespective of whether they were 
review papers, expert opinion or from original data, 
clinical trials as per as they were from human subjects.

Selection procedure: The titles and abstracts of all 
search results were listed and were thereafter reviewed 
to identify papers for full text review. The selection pro-
cedure is outlined in Figure 1. We excluded duplicate 
articles and publications reporting the same data. We 
also excluded articles that were not within the purview 
of Measles or Vaccination. Further exclusions were for 
articles that use animal models, outbreaks investiga-
tions of Measles and surveillance data on Measles. 
The review included articles written only in the English 
language. We also excluded articles whose full text 
versions were not available online. We obtained the full 
text of potentially relevant studies and scrutinized them
independently for inclusion into our study.

Data extraction: A database was created in which the 
study name, study period, major innovation identified 

was recorded as applicable (Table 1). These were sub-
sequently included in the qualitative synthesis for the
review.

Attempt to reduce bias: An attempt to reduce bias 
within studies and between individual studies was 
done via group independent joint review process by 
scanning list of articles as well as data utilized for the 
qualitative synthesis.

Analysis approach: The extracted data were reported 
as outlined by the authors using thematic areas con-
sidering innovative approaches in Measles vaccine 
delivery and its applicability to Africa where possible.

Record identified through database
searching (N = 4,948)
   - Google scholar (n = 4,550)
   - Medline (n = 217)
   - AJOL (n = 117)
   - PubMed (n = 36)
   - Cochrane Library (n = 28)

Records after duplicates removal
(n = 3017)

Records excluded as
articles not within
vaccination or Measles
purview
          (n = 1826)

Records screened by title and 
abstract  (n = 1191)

Full text article 
not available

(n = 604)

Full text articles assessed
to eligibility (n = 587)

Records included in
the quantitative

synthesis (n = 22)

Full text articles excluded
with reasons (n = 565)
- Non-English (n = 62)

- Animal models (n = 118)
- Outbreaks of Measles

   (n = 185)
- Surveillance of Measles

  (n = 200)

Figure 1: Summary of study selection procedure

Results

Microneedle patches: Recently, the microneedle tech-
nology has been developed that consist of metal/poly-
mer micron size needles pre-layered with measles 
vaccine for ease of administration into the dermis. This
technology eliminates the need for the use of vaccine 
diluents, needle and syringes, availability of skilled work-
force and the use of cold chain. Additionally, this tech-
nology can be effectively used in African setting bec-
ause of its affordability as demonstrated by a study by
Adhikari et al where they reviewed the cost effective-
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ness of using the conventional measles vaccine deli-
very system versus the use of microneedle patches. 
They found out a saving of United States $0.7 dollars 
can be made per dose in favour of the microneedle 
patches. The microneedle patches may also eliminate 
vaccine wastage rate associated with the conventional
measles vaccination as the conventional vaccine has 
a shelf life of six hours once reconstituted. (8)

Pulmonary/Aerosol vaccination: Sievers and colle-
agues reported a successful phase I trial among 60 
volunteers following the administration of a single dose 

Table 1: Database referenced for the systematic review with their major points on innovation

S/N  Study name  Study 
Period  

Ref  Measles vaccine delivery innovation(s) from the study 
Caregivers were more willing to receive SMS reminders and phone calls as against 
internet based reminders for child immunization services.

Balogun M.R., et.
al.

1

2

2012 (34)

Caregivers were willing to receive SMS reminders compared to phone calls for child 
immunization services

Akinrinade O.T.,
et. al

2018 (35)

3 Gera T., et. al. 2016 (29) There is no effect of integration of health service like Vitamin A supplementation on
Measles coverage from trials in India and Bangladesh although a trial from 

Tanzania reported a reverse finding

4 Sievers R.E., 2015 (9) Successful phase I trial of a 'puff haler' based aerosolized dry powder measles
vaccine with similar efficacy and no side effect compared to the subcutaneous 
based vaccine

5 Aaby P., et. al. 2012 (15) Cohort of children vaccinated at age less than 9 months have significant 
protection against measles

6 Woudenberg T., 
al.

2017 (16) Children vaccinated at age 6 months have reduced incidence of measles 
compared with their unvaccinated cohort

7 Saeterdal I., et. al. 2014 (32) Face to face community engagement strategies influence measles vaccine 
uptake among large communities

8 Flu L.Y., et. al., 2016 (33) Monetary reward has minimal improvement in measles vaccination coverage 

9 Pagliusi S., et. al., 2015 (11) Novel primary needle free formulations can improve access and utilization of 
vaccines by minimizing the cold chain requirements

10 Pagliusi S., et. al., 2017 (31) Concerted partnership between countries and regular and timely supply of 
vaccines can facilitate measles eradication

11 Bhatti U.A., et. al., 2018 (36) Data mining algorithm from hospital record coupled with geographic information
information system can help to classify areas into low(red) immunization 
coverage and high (green) immunization coverage for the purpose of planning 
and tracking defaulters

12 Adhikari B.B., et. 
al.

2016 (8) The microneedle patch administration of measles is more cost effective 
compared to the conventional measles vaccine administration

13 Low N., et. al., 2015 (10) Aerosolized measles vaccine administration was not superior to subcutaneous 
measles vaccine administration from a cohort of children in a randomized 
clinical trial

14 Aaby P., et. al. 2010 (18) Measles vaccination at 4.5 months has beneficial effects

15 Jensen KJ., et. al. 2014 (19) Early measles vaccination induce protective biomarkers among recepients

16 Do VA.,et. al., 2017 (20) Measles vaccination at less than 9 months of age was associated with reduced 
morbidity

17 Martins C.,et. al., 2014(a) (21) Measles vaccination at 4.5 and 9 months respectively, protective antibody 

18 Martins CL.,et. al., 2014(b) (22) Measles vaccination at 4.5 and 9 months respectively reduce hospital 
admission

19 Njie Jobe J., et. al., 2012 (23) Early Measles vaccination induces CD4T cell response and antibody 
development

20 Fisker AB.,et. al., 2018 (24) Early Measles vaccination does not reduce mortality

21 Brønd M., et. al., 2018 (27) Second dose of Measles vaccination reduce rate of hospitalization among 
children

22 Martins C.,et. al., 2013 (28) Second dose of Measles vaccination induce protective antibody levels 
among children

'puff haler' aerosolized vaccine against measles using
dry powder with no major side effects and with similar 
efficacy to the conventional subcutaneous vaccine in 
use. [9] The milestone development of aerosolized 
pulmonary 'puff haler' measles vaccination as reported 
by Sievers and colleague if utilized by African countries 
would likely improve measles vaccine coverage by 
eliminating the need of a skilled workforce hence min-
imizing resources, eliminating the need of needle or 
sterile water for injection leading to reduction in inje-
ction site infection and minimizing resources. (9)
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Even though there was an inconsistent result from a 
randomized control trial in 2015 that depicted greater 
level of antibody protection (94.6%) to children immu-
nized with the subcutaneous measles vaccination as 
compared to the aerosolized vaccination (85.4%). (10)
Several advances have been made thereafter in terms 
of the vaccine immunogenicity and recommended 
margin of safety for administration to overcome this. In 
a meeting of the developing countries vaccine manu-
facturers' network in India, D. Zehrung provided an 
overview on how novel primary needle free formula-
tions can improve access and utilization of vaccines 
by minimizing the cold chain requirements that are 
mostly suboptimal in developing countries thereby 
improving vaccine coverage. (11)

     It is consequently imperative for African countries to 
come together and request the vaccine manufactures 
to align their vaccine developments with the recom-
mendation of the WHO on packaging to promote Africa's
peculiarities. (12)

Thermostable vaccine: The Measles vaccine is among 
the vaccines that are most sensitive to heat/sunlight 
and even a minute exposure would lead to loss of 
potency that is permanent and irreversible. Therefore, 
the development of a thermostable vaccine that does 
not rely on cold chain would improve vaccine efficacy. 
(13)

Mono-dose prefilled vaccine delivery: Monodose
prefilled vaccination is an innovative approach to 
vaccine delivery that minimizes or eliminates the risk 
of contamination and vaccine wastages even though 
there is the attendant increase in space and cost per 
dose. (14)

Vaccine delivery to infants at age less than 9
months: Aaby and colleagues in a review of secon-
dary data demonstrated from multiple studies that 
cohort of infants vaccinated at less than 9 months of 
age had significant protection compared with the 
unvaccinated group. (15)
     An observational cohort study from the Netherlands 
by Woudenberg et al also demonstrated that infants 
vaccinated as early as six month of age had lower risk 
of measles compared with their unvaccinated cohort. 
(16) The assumed optimal age for vaccination against
measles was placed at nine months of age or greater. 
The basis behind this policy is the notion that measles 
vaccination below nine months of age is not immuno-
genic because of maternal antibodies that were still 
active hence it would hamper seroconversion. However, 
there is demonstrable evidence to suggest that the basis
for such policy on seroconversion alone was wrong. 
Studies have demonstrated child survival and decrease 
risk of acquisition of measles infection even at a younger 
age. African countries that have areas with periodic 
outbreaks of measles would benefit for a review of policy
for vaccination at age less than nine month of age. (16)
The initial vaccine used against Measles in the 1960s 
was the inactivated Measles vaccine but it was discon-
tinued duetoits poor immunogenicity. At present, a live 

attenuated vaccine is utilized via injection at 9 and 15
month of age. There are new vaccines under trails that 
use macaques' animal model and a viral proteins com-
ponent of the H, F and V that could be delivered at an 
earlier age and would be effective. (17)
     Aaby and colleagues reported that given measles
vaccination at 4.5 and 9 months of age has beneficial 
effect on child survival particularly for the girl child.(18) 
Similarly, Jensen and colleagues found out an increase 
levels of protective biomarkers among female child that
were recipient of vitamin A compared to their male 
counterparts at an early age. (19)

Do and colleagues conducted a randomized trials among
1592 children and were able to elucidate that early 
measles vaccination before the 9 months of age was 
associated with reduced morbidity in the following 
months. (20) In two separate studies by Martin et al 
among children from Guinea Bissau with measles 
vaccination given at 4.5 and 9 months respectively,
protective antibody was detected at 4.5 months (21) and 
there was also reduction in hospital admission compared 
to the control group that did not received early admin-
istration of measles vaccines.22 Njie-Jobe et al vacci-
nated children at 4 months; 9 months and a booster 
dose at 36 months. They noted that early vaccination
induced a predominant CD4 T cell response and asso-
ciated rapid development of antibody after the booster 
doses.(23)
     A contrary finding was recorded by Fisker et al from 
a two center randomized trial of an additional early dose 
of measles vaccine. It was shown that early measles 
vaccination does not reduce all cause mortality. (24)

Second Dose of Measles Vaccination

The administration of the second dose of measles vac-
cine (MCV2) has long been associated with increased 
seroconversion among children less than 2 years to 
attain the critical herd immunity of greater than 95%. (25)
However, the administration of this second dose was 
hampered by the WHO criteria for MCV2 introduction 
which requires countries to have > 80% coverage of 
MCV1 at the national level for 3 consecutive years. 
Fortunately, this criterion was lifted in 2016 by the SAGE 
Working Group on Measles & Rubella.(26)
     Countries are now eligible to enroll for the MCV2 
regardless of their MCV1 coverage. This is a welcome 
development for countries in the sub-Saharan Africa 
who generally have low MCV1 coverage with few exc-
eptions. It was not until the year 2013 that Kenya qua-
lified for the MCV2 introduction.
     Brond and colleagues conducted a randomized trial 
of two versus one dose of measles and they were able 
to deduce that two dose measles vaccination reduce 
rate of hospitalization among the recipients. (27) 
Martins et al were able to show from a randomized trial 
among children in Guinea Bissau that two doses of
measles vaccine consisting of Edmonston-Zagreb and 
Schwarz vaccine given to children were able to induce 
protective antibody levels of 99% in children. (28)
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Vitamin A supplementation versus measles vaccine
coverage: A Cochrane review by Gera and colleagues 
on the integrated management of childhood illness 
(IMCI) strategy evaluated two cluster-randomized trials 
from India and Bangladesh that estimated the effect of 
vaccine coverage for measles versus combination of
other services like supplementation with vitamin A, 
exclusive breastfeeding and found little or no effect 
even though a similar review from Tanzania was able 
to find positive effect of the integration of health servi-
ces like supplementation with vitamin A versus measles
vaccine coverage. [29] The Cochrane review by Gera 
and colleagues where integration of health services 
found no effect with measles vaccine coverage from two 
studies in India and Bangladesh must be taken with 
caution from countries in Africa. This is probably so, 
because these studies were all from Asia with a diffe-
rent demographic and child health seeking behavior
and more so in African countries like Nigeria, vitamin A 
supplementation is an integral part of the expanded 
program on immunization. [30] There is need for further 
studies on this from Africa to ascertain the true nature 
of this association so that it can lead to policy change
and possibly diversion of scare resources that were 
hitherto allocated to vitamin A supplementation to 
measles elimination.

Improve access to vaccine: In 2015, the WHO Ame-
rican region became the first to be declared free of 
measles. This was achieved through concerted partn-
ership between countries of the region and by main-
taining a regular supply of vaccines through a demand 
forecasting system. (31)

Community Engagement: Saeterdall LS et al evalu-
ated trials used for communication with the caregivers 
and communities like public meeting, radio talks, leaflets 
and face-to-face reviews on the effect for vaccine uptake. 
(32) They evaluated a trial from Pakistan and India on 
large group shows that this community-based strategy
(especially face to face communications) increase the 
proportion of children vaccinated against measles and 
diphtheria, pertussis and tetanus but not against polio-
myelitis vaccine. (32) There are novel approaches about
community engagement strategies meant to increase 
community buy in to strengthen measles immunization.
     These studies show that one on one communication 
with caregivers and communities would improve mea-
sles vaccine uptake. This is probably so because it 
allows clarifications and questions from the health 
worker to the caregiver. 

     Another study by Flu LY et al accessed use of monetary 
reward (pay for performance) versus immunization vac-
cine (measles inclusive) coverage. (33) Their finding 
revealed minimal change for objective improvement of 
routine immunization coverage.

Use of Information Technology: A study by Balogun 
MR et al from an urban setting in Lagos Nigeria iden-
tified the use of mobile phone reminders via short 
messaging system (SMS) and or telephonic reminders 
to be superior to the internet-based reminders for child-
hood immunization for mothers attending the immuni-

zation clinic. (34)
     A similar study by Akinrinade and colleagues from 
Ondo state Nigeria found out that majority of the care-
giver prefer to receive SMS reminders for immunization 
at any given time. The study participants also comprise 
of significant (42.8%) rural dwellers. (35) Both studies 
of Balogun MR et al [34] and Akinrinade and collea-
gues (35) demonstrated that post-secondary educ-
ation of mothers/caregivers were predictors of mobile 
telephone ownership.
     Even though, Africa witnesses the widespread
introduction of the Global System Mobile communi-
cation (GSM) service in the last 20 years. There is 
still a critical underserved population that still lack 
access to this modern method; however this does 
not underscore its applicability in those that have 
access. The GSM providers could easily be approa-
ched for customized reminders on Measles vaccination
that can be tailored down to the preferred language 
of the caregiver. (35)
     The Balogun MR et al (34) and Akinrinade and
colleagues (35) further bring to the fore the necessity 
of girl child education which must be looked holistically 
as an indirect means of achieving the Measles elim-
ination target especially for African countries. Bhatti 
et al (36) from Pakistan used an innovative data mining 
algorithm for one health facility to characterize and 
track child immunization status from hospital based
registers. This was coupled with a geographic inform-
ation system that classifies regions based on red for 
good immunization coverages or green for poor imm
unization coverages. This approach helped in plan-
ning unique vaccination campaigns to target the 
underserved areas coupled with education to care-
givers.(36)

Conclusion

These review focused on newer innovations on measles 
vaccine delivery such as the microneedle patches, pul-
monary/aerosol vaccination, thermostable vaccine, 
mono-dose prefilled vaccine delivery. Other areas in-
volved given considerations for vaccine delivery to 
infants at age less than 9 months and given second 
dose of measles vaccination. Vitamin A supplementation, 
community engagements and use of information tech-
nology improves measles vaccine coverage. These 
innovations could be tailored to meet the specific 
demands and economic reality of populations in the 
sub-saharan African.
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