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Development of a Covid-19 vaccine: a head start

Professor Sir Andrew Pollard shared the currently available 
Phase I–III data for the Oxford coronavirus vaccine 
(ChAdOx1 nCoV-19) and provided a comprehensive 
description of the coronavirus vaccine types currently in 
development.

Mortality predictions at the beginning of the Covid-19 
pandemic were extremely concerning, with a prediction of 
up to 510,000 deaths in the UK alone in the absence of 
any restrictions. Early on, the increased risk of severe 
disease/death in older individuals and those with under
lying health conditions was established. Importantly, vac
cine developers had a solid footing to allow a rapid 
response to the Covid-19 pandemic in terms of developing 
an effective vaccine. Firstly, the severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) genome sequence 
was available rapidly following the emergence of the virus. 
Secondly, there was already a wealth of information on the 
biology of the virus due to two previous coronavirus out
breaks, the severe acute respiratory syndrome (SARS) epi
demic in 2002–3 and the Middle East respiratory 
syndrome (MERS) outbreak, which began in 2012. The 
SARS outbreak could be controlled using case isolation, 
as cases were severe enough to be easily detected. 
Furthermore, the transmissibility of the virus was not 
particularly good. Similarly, the MERS outbreak was con
trolled due to its lack of transmissibility from person to 
person. As such, there had already been work on corona
virus vaccine development, and a Phase I trial had been 
conducted with a MERS coronavirus vaccine.1

This prior knowledge allowed the vaccine development 
process to be expedited. Firstly, animal studies began earlier 
than usual because initial work on vaccine design had been 
conducted before the pandemic. Secondly, manufacturing was 
initiated at the same time as animal studies. The phases of the 
trials were also rapidly escalated, with very close monitoring by 
data safety monitoring committees. Furthermore, manufactur
ing was upscaled in parallel with the earliest phases of the trials, 
with substantial financial risk. Finally, there were rolling 
reviews of data as they became available so that the vaccines 
could be licensed with due haste once final datasets were 
available.

The Oxford vaccine (ChAdOx1 nCoV-19)

The Oxford vaccine (ChAdOx1 nCoV-19) is a viral vector 
vaccine consisting of the replication-deficient simian adeno
virus vector ChadOx1, containing the full-length structural 
surface glycoprotein (spike protein) of SARS-CoV-2, with 
a plasminogen activator leader sequence.

Phase I

Phase I studies to evaluate the safety and immunogenicity of 
the Oxford vaccine began in April 2020 (Table 1). A large 
number of participants were recruited to allow timely eva
luation of efficacy. However, the reduction in cases due to 
social distancing measures and stay-at-home restrictions 
made evaluating efficacy difficult. The trial had to be con
ducted in line with COVID restrictions, and there was 
a global lack of access to personal protective equipment 
and medical supplies.

Reactogenicity during Phase I trials was as expected, with 
mostly mild or moderate localized injection site reaction and 
flu-like symptoms that could be mitigated by paracetamol.2 

A single dose of ChAdOx1 nCoV-19 elicited an increase in 
spike-specific antibodies, which peaked by day 28 and 
remained elevated until day 56. Neutralizing antibodies 
increased further in all participants who had a second dose.2,  

3 While a one-dose schedule was a viable option based on these 
data, the enhanced antibody response with a second dose 
supported the two-dose schedule used for the Phase II trial. 
The other important finding during the Phase I trial was the 
generation of T cells against SARS-CoV2 spike peptides after 
the first dose, which peaked at day 14, and remained above 
baseline to day 56. As expected with a viral vector vaccine in 
a homologous prime-boost regimen, there was no boost in 
T cell response following the second vaccine dose; however, 
the increase above baseline persisted.2

Phase II

The Phase II trial began in May 2020, recruiting volunteers 
aged 56–69 years and those aged >70 years (Table 1). Data 
from this trial were essential in demonstrating immune 
responses in older adults, similar to those seen in younger 
adults.
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Phase III

Phase III studies were conducted in the UK, Brazil, South 
Africa (Table 1), with a small additional study in Kenya. 
During these trials, coronavirus cases were identified in 3 
ways: through PCR tests conducted in symptomatic patients; 
via serum samples to determine evidence of infection (explora
tory); and using weekly swabs for all study participants to 
identify asymptomatic infections. Phase III studies were also 
conducted, with AstraZeneca, in the US, Japan, Russia, and by 
Serum Institute of India, in India.

Amid a great deal of media attention, Phase III results were 
provided in a press release showing 70% overall efficacy; 90% in 
one dosing regimen and 62% in a second. The regimen asso
ciated with 90% efficacy had the most favorable tolerability 
profile. Importantly, there were no hospitalized or severe 
Covid-19 cases in anyone who received the vaccine (efficacy 
analysis cohort). Overall, the trials produced an equivalent of 
>6000 person-years of safety follow up data.

Other coronavirus vaccines in clinical development

At the time of the presentation, there were 47 vaccines in clinical 
development and 11 in Phase III trials, providing great potential 
for effective vaccines in the near future to bring the pandemic 
under control.4 Based on pre-clinical data, it is clear that anti-spike 
protein neutralizing antibody correlates with protection against 
Covid-19 infection.5 Furthermore, it is becoming clear that rela
tively low levels of immunity are required to protect against lower 
respiratory tract infections, providing hope that these vaccines 
might prevent severe disease and hospitalization, as was subse
quently shown in the real world effectiveness studies after roll out. 
Several different vaccine types are in development, as described 
below.

Inactivated vaccines

Several inactivated vaccines are being developed. One advan
tage of these vaccines is the wealth of experience with the 
traditional chemical inactivation techniques used during devel
opment. Notably, the neutralizing antibody responses are pro
duced with inactivated vaccines. For example, in a Phase I/II 
trial of the inactivated SARS-CoV-2 vaccine BBIBP-CorV, 

neutralizing antibodies against infectious SARS-CoV-2 were 
detected in 18% of vaccine recipients after the first dose and 
100% of recipients on day 42 after the second dose.6

Protein subunit vaccines

Protein subunit vaccines, in which a recombinant protein is mixed 
with an adjuvant, are also in development. For example, 15,000 
volunteers in the UK have been vaccinated with NVX-CoV2373, 
a recombinant SARS-CoV-2 nanoparticle vaccine composed of 
trimeric full-length SARS-CoV-2 spike glycoproteins and Matrix- 
M1 adjuvant. Early studies with this vaccine showed good anti
body responses at several different dose levels, showing high levels 
of neutralizing antibodies after the second dose.7

RNA vaccines

The development of RNA vaccines, in which the spike protein 
RNA is synthesized and then encapsulated in a lipid nanoparticle, 
is an exciting development for vaccine technology. There are two 
main examples, developed by Moderna and Pfizer,8 which had 
recently released their Phase III results at the time of the presenta
tion. An RNA vaccine was also in development at Imperial 
College London. With the Moderna vaccine, rising neutralizing 
antibodies were shown with the two doses tested.9 The trial 
included 30,000 participants and demonstrated high efficacy (as 
presented in a recent press release). With the Pfizer vaccine, strong 
neutralizing responses were shown after 3 µg and 10 µg doses.10 

Higher doses were not taken forward due to poor tolerability. The 
trial included 3000 people, and at the time of the presentation data 
showing high protective efficacy had also recently been released.

DNA vaccines

DNA coronavirus vaccines, consisting of plasmid DNA con
taining spike protein DNA,11 are also in development, 
although there is currently less information about this vaccine 
type than those previously described. Assisted uptake is 
required using, for example, electroporation or hypertonic 
saline. At the time of the presentation, INOVIO was investigat
ing a novel, Covid-19 DNA vaccine.

Table 1. Phase I–III trials with the Oxford vaccine (ChAdOx1 nCoV-19).

Population Efficacy Tolerability

Phase I2 ● Increase in spike-specific antibodies, which peaked by day 28 
and remained elevated until day 56 (single dose)

● Neutralizing antibodies increased further after a second dose

● Mostly mild or moderate injection site 
reactions

● Flu-like symptoms that could be mitigated 
by paracetamol

Phase II4 ● 89 patients aged 56–69 years
● 120 patients aged >70 years

Phase III ● UK (19 sites; 10,000 partici
pants; 20% aged >55 years)

● Brazil (6 sites; 10,000 partici
pants; 20% aged >55 years)

● South Africa (6 sites; 2000 
participants)

● Kenya (1 site; 200 participants)

● 70% overall efficacy (90% in one dosing regimen and 62% in 
another)

● Most favorable tolerability in 90% efficacy 
regimen

● No hospitalized or severe Covid-19 cases in 
anyone who received the vaccine
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Viral vector vaccines

Several viral vector vaccines are also being investigated, including 
ChAdOx1 nCoV-19 as previously described, as well as vaccines 
developed by Janssen and Cansino, and one being developed in 
Russia. In China, safety, tolerability and immunogenicity of the 
recombinant adenovirus type-5 (Ad5) vectored Covid-19 vaccine 
expressing the SARS-CoV-2 spike protein was evaluated in 
a Phase I trial. With the high dose tested, 75% of participants 
had a 4-fold rise in neutralizing antibodies after vaccination.12 

Russia assessed a heterologous Covid-19 vaccine comprising 
a recombinant adenovirus type-26 (rAd26) vector and 
a recombinant Ad5 vector carrying the gene for SARS-CoV-2 
spike glycoprotein in two Phase I/II studies. Strong humoral and 
cellular immune responses were induced in vaccinated 
participants.13

Summary

In summary, multiple vaccine types are being developed to 
protect against Covid-19 disease using different technologies. 
All appear to induce neutralizing antibodies, and some have 
also published data showing T cell responses, which could be 
important in controlling established infection. Although the 
majority of these vaccines do induce some side effects, overall, 
they are well tolerated.
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Beyond masks, social distancing, and handwashing, 
COVID-19 vaccines are a critical element in the public 
health COVID-19 pandemic control strategy.1 However, 
COVID-19 vaccine acceptance is influenced by many con
textual factors that are even more complex than for tradi
tional vaccines, even for those as experienced with the 
pandemic influenza A(H1N1) vaccination campaigns.2 

There are high expectations: high visibility of COVID-19, 
a multitude of COVID-19 vaccines with differing platforms 
and efficacy rates – not just a single vaccine, accelerated 
development and approval, equity access concerns both 
within countries and across the globe, new target popula
tions – across the age spans, risk of potential serious 
adverse events following immunization as are new vaccines, 
anti-vaccine activism and concerns about vaccine effective
ness in the face of COVID-19 mutations.3 These have all 
generated much anxiety and stress given how widely the 
pandemic has impacted health, well-being, and the econ
omy – globally, locally, and personally.

The infodemic (i.e., an overabundance of information, 
some accurate and some not, both online and offline) that 
has flourished around COVID-19 has added stress and 
confusion for the public, healthcare providers and policy 
makers.4 In May 2020 the World Health Assembly passed 
a resolution concerning COVID-19 pandemic management 
which focused on addressing the infodemic.5 This called on 
member states to provide reliable COVID-19 content, take 
measures to counter mis- and disinformation and leverage 
digital technologies across the response. The resolution also 
called on international organizations to address mis- and 
disinformation in the digital sphere, work to prevent harm
ful cyber activities undermining the health responses and 
support the provision of science-based data to the public. 
The December 2020 Vaccine Misinformation Management 
Field Guide developed by UNICEF emphasizes the differ
ence between misinformation and information that is false 
but not created with the intention of causing harm, and 
disinformation and information that is false and deliber
ately created to cause harm.6 The latter is created and 
disseminated for economic gain or intentionally to deceive 
the public for political gain, prestige or attention. More 
importantly misinformation and disinformation are 
“sticky,” traveling faster and farther than truth.7 The 
Organization for Economic Co-operation and 
Development has emphasized four key actions that govern
ments and platforms can take to counter COVID-19 disin
formation: 1) support a multiplicity of independent fact- 
checking organizations; 2) ensure human moderators in 
place to complement technological solutions; 3) voluntarily 
issue transparency reports about COVID-19 disinformation 
and 4) improving users’ media, digital and health literacy 
skills.

Why do we fall prey to disinformation and 
misinformation?

Health decision making is complex, including the deci
sions to accept vaccines. In this regard, context matters, as 
does which vaccine.8 Social, cultural, historical, and politi
cal factors influence how people feel and decide about 
vaccination. Furthermore, we are strongly influenced by 
what we think others around us are doing or expecting us 
to do, including social networks where disinformation is 
rife. We see causation in coincidences, and see what we 
believe, rather than believing what we see. We prefer anec
dote and stories to data and evidence and pay more atten
tion to negative information. This is why safety concerns 
and lack of trust may be especially prominent as the 
COVID pandemic provides an ideal context for the 
spread of mis- and disinformation and conspiracy the
ories, as they tend to arise in societal crisis situations 
that generate increased stress, sense of uncertainty, and 
increased concerns for the future.9

The COVID-19 Vaccine Communication Handbook 
notes that to achieve high COVID-19 vaccine acceptance 
levels requires context-specific and data-driven behavioral 
interventions, working at multiple levels supported by tar
geted communications with messages and tools and techni
ques that help reach specific subgroups.10 At the 
community level, effective communication from public 
health needs to be proactive about COVID-19 and 
COVID-19 vaccines, not just reactive, as well as paying 
attention to traditional media reports and social media to 
detect misinformation that needs to be corrected. Some 
only want a clear statement on what to do (the information 
bite) while others want more details (the information 
snack) and there are those who want links to the evidence 
(the information full lunch). For the latter, links to vetted 
evidence based credible websites such as those with 
a Vaccine Safety Net designation are helpful.11 When craft
ing communications, remember the marketing principle 
that data tells but stories are more likely to sell. With the 
rapidly changing COVID-19 picture, linking to local con
text and known community leaders is key to enhancing 
credibility.

With respect to misinformation, do not fear that correction 
will lead to a backfire effect. More recent research has shown 
that the backfire effect is not as fixed as previously thought and 
that it is important to correct misinformation.12 Furthermore, 
evidence from research shows that attitudinal resistance to 
misinformation can be conferred on the public and patients 
by preemptively highlighting false claims, refuting potential 
counterarguments and unmasking the common techniques 
being used (fake experts, conspiracies, selectivity, impossible 
expectations, logical fallacies and misrepresentation – 
lies).13–15
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The United Kingdom has supported development and 
access to the online browser game “Bad News”16 which teaches 
players how to become disinformation creators, and in the 
process, strengthen their ability to detect and resist disinforma
tion, i.e. avoid the con.17 Education of children and adolescents 
to become critical thinkers, science literate and able to recog
nize misinformation and understand the critical role vaccines 
do to support health and well-being is a major building block 
for ensuring the next generation of adults support immuniza
tion and vaccine programs. Kids Boost Immunity is a helpful 
web-based game developed in Canada, now also used in 
Ireland and Scotland, to help children learn about immuniza
tion, cognitive bias, correlation versus causation and the scien
tific method as well as about different vaccines including 
COVID-19 vaccines.18

Given that healthcare professionals’ advice and recommen
dations on immunization are very influential in a patient’s and 
individual’s vaccine acceptance decision, it is critical that all 
healthcare professionals are well versed about the risks of the 
vaccine preventable disease and the safety and efficacy of the 
vaccines in order to appropriately advise their patients.19 This 
is especially important for COVID-19 and COVID-19 vaccines 
given the infodemic currently raging. Healthcare professionals 
need to present these vaccines in a manner that shows their 
competence and caring to build trust, remembering that some 
only want a bite, others a snack, and the rest a full lunch of 
information. Clear language, positive framing and motivational 
interviewing have all been shown to be helpful. Alerting 
patients to the power of disinformation and teaching how to 
recognize the cons are key in this period of information over
load. The World Health Organization’s useful infographic on 
top tips for navigating the infodemic20 and the UK Bad News 
game21 previously mentioned are helpful tools to share with 
patients. Healthcare professionals also need to speak up in 
family and social gatherings if mis- and disinformation is 
being promulgated, as not speaking up could send the message 
that you as a healthcare professional agree with this false 
information. Finally, the attitudes of healthcare providers’ 
toward COVID-19 vaccines can also be negatively influenced 
by mis- or disinformation. Given their important role in build
ing and maintaining vaccine acceptance in patients, tailored 
strategies to inform (bites, snacks, and full lunch) and address 
healthcare providers’ concerns are also critical.

Conclusions

The COVID-19 pandemic will continue for some time. Public 
health and healthcare professionals need to be prepared, antici
pate needs and concerns, listen, update communication con
tent and strategies as new data comes in. Beware of changing 
context and how this may affect how messages are heard. 
Remember that tailoring communication to fit the needs, con
cerns, level and amount of information needed – bites, snacks, 
and full lunch – can help combat the infodemic and lead to 
more COVID-19 science literacy and acceptance of COVID-19 
vaccines.
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Introduction

The introduction of new COVID-19 vaccines raises important 
issues regarding communication of vaccine safety and effec
tiveness. Of particular importance has been the need to gain 
public trust and confidence in the different COVID-19 vac
cines and schedules to achieve high vaccine uptake and public 
health control. Vaccine hesitancy and safety concerns are 
interlinked and can negatively impact vaccine uptake. 
Effective communication around the large-scale vaccination 
programme requires consideration of the target groups and 
delivery of the message such that it appeals to the relevant 
groups. Other important considerations are the tools used to 
support the message and the selection of the most appropriate 
messengers to convey the message. The Bite, Snack, Lunch 
model is proposed as a multi-layer, flexible vaccine commu
nication framework that can be modified to the specific needs 
of target groups.

Approach to introducing new vaccines

The worldwide introduction of any new vaccine will inevi
tably raise important issues, particularly concerning vac
cine safety and effectiveness. Gaining public trust and 
confidence in the different COVID-19 vaccines is essential 
to achieve high vaccine uptake. Based on experience and 
evidence, proven methods of communication regarding the 
safety and efficacy of vaccines should be utilized. 
Furthermore, preparedness to respond rapidly to any vac
cine safety issues or scares that arise is prudent. In the 
context of COVID-19, a high level of vaccine hesitancy was 
expected based on the vaccines being new and their devel
opment being fast-tracked.

High levels of vaccine hesitancy can lead to individuals 
hesitating to participate in available vaccination pro
grammes. The three key factors contributing to vaccine 
hesitancy, the delay in acceptance or refusal of vaccination 
despite its availability, are defined as complacency, lack of 
confidence and inconvenience.21,1 Complacency occurs 
when the risk of disease is seen as low, and vaccination     

is seen as unnecessary or if other health issues prevail. 
Lack of confidence can be due to the vaccines not being 
perceived to be safe or effective, there is a lack of trust in 
policymakers, or there is a lack of trust in health systems 
to deliver a vaccine. Inconvenience can be a significant 
barrier to vaccination whereby it be physical or geographi
cal availability, affordability or health and language 
literacy.21,1

In addition to these factors, the interlinked relationship 
between vaccine hesitancy and vaccine safety scares must also 
be considered. Vaccine safety scares, situations where 
unwanted events which may or may not be attributable to the 
vaccine create feelings of distrust and insecurity in the vaccine, 
can increase levels of vaccine hesitancy, and vice versa.2 Thus, 
to plan effective communication around a large-scale vaccina
tion programme, health authorities need to consider their 
target groups and understand the respective barriers and moti
vators to vaccination.

The ‘Bite, Snack, Lunch’ communication model

A practical model has been proposed by MacDonald et al. 
(2021)3 with which to communicate information regarding 
vaccines. The ‘Bite, Snack, Lunch’ model is designed to be 
a flexible communication framework that can be used to 
convey important messages. The bite, snack and ‘meal’ 
concept was originally devised as a content writing and 
editing strategy and was first put forth by Leslie 
O’Flahavan in 1997 during her web writing courses, but 
later popularized in the 2000s.4,5

The Bite is the headline message, which should be brief and 
simple to understand. It is important as for some people, this will 
be the only message considered when deciding whether to be 
vaccinated or not. The Snack is a more detailed message contain
ing key information surrounding the rationale for a public policy 
decision. This level of information may be sufficient for people 
with confidence in the healthcare system and/or political system 
to proceed with vaccination. Lunch is the comprehensive mes
sage, which will include all the scientific evidence for a public 
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policy decision. Some people will require this level of information 
before proceeding with vaccination. In addition to the scientific 
information, “lunch” may include detailed religious or cultural 
information that may be necessary for some people to bolster 
their confidence in a COVID-19 vaccine and accept vaccination.

This model is regarded as a method of chunking content for 
the web, the bite, snack and meal approach entails writing for 
the appetite of a variety of customers. Some will nibble at 
content, some will spend more substantial time with it, while 
others will spend more time with the information to get the 
most possible out of the content.

The model requires careful consideration of the target audi
ence, the right and most appropriate message to be delivered, 
supplementary tools, all delivered by the most effective 
messenger.1,5 Target audiences should be defined so that mes
sages can be delivered in a way that both appeal to the audience 
and are well understood. Supplementary tools can be used to 
enhance the communicated message. These may include written 
information, pictures, cartoons, radio, written media, television 
and/or social media. Consideration should be given to identify
ing the person best equipped to deliver the Bite, Snack or Lunch 
most effectively. The messenger may be the vaccinator, a trusted 
scientist or health professional, or a trusted community leader 
relevant to the community and/or key stakeholders.

Conclusion

COVID-19 vaccines have been subject to an unprecedented 
level of scrutiny from the scientific community and from 
public opinion around the world. This is to be welcomed as 
it provides the opportunity to communicate globally their 
impressive safety and efficacy data and hence encourage 
high vaccine uptake. However effective communication stra
tegies must continually adapt to deal with vaccine safety 
issues as they inevitably arise and to counter misinformation 
and disinformation. During an everchanging COVID-19 

infodemic, the Bite, Snack, Lunch model provides a simple 
and consistent framework on which to plan effective 
communication.

The Bite, Snack, Lunch model is a flexible vaccine commu
nication tool, adaptable to the specific needs of the target group 
of patients. It provides a practical framework for communica
tion advisors, vaccine programme managers and vaccinators to 
use in their daily practice. Useful resources to help in the 
preparation of messages for the delivery of a vaccine pro
gramme are provided in Table 2.
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Introduction

Stockport is a unitary authority sited in the south of Greater 
Manchester that has an ethnically diverse population of nearly 
300,000 people. A small research team based in the 775-bedded    

Stockport District General Hospital has been active in immu
nization studies and infectious diseases surveillance for over 
two decades. During the last decade, this team has performed 
several studies including a pilot study to implement a schools- 

Table 2. Useful resources to facilitate vaccine programme communications.
● World Health Organization. Vaccine safety supporting document. Vaccine safety messages (frequency of AEFIs). 2015. Available at: https://www.euro.who.int/__ 

data/assets/pdf_file/0010/339625/Vaccine-safety-messages.pdf [Accessed November 2021].
● World Health Organization. Vaccine safety supporting document. How to prepare a message map. 2017. Available at: https://www.euro.who.int/__data/assets/ 

pdf_file/0007/337489/02_WHO_VaccineSafety_SupportDoc_MessageMap_FINAL.pdf [Accessed November 2021].
● World Health Organization. Vaccine safety supporting document. How to ensure a context-specific response to events that may erode trust. 2017. Available at: 

https://www.euro.who.int/__data/assets/pdf_file/0009/337473/02_WHO_VaccineSafety_SupportDoc_AnalysingEvents_Proof7.pdf [Accessed November 2021].
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based Human Papillomavirus vaccine programme prior to its 
national introduction, two meningococcal carriage studies, two 
Phase III vaccine studies, one involving a meningococcal 
B vaccine and one involving a Clostridium difficile vaccine, 
and two surveillance studies on meningococcal infection. 
This experience, together with a workforce that has 
a relatively low staff turnover rate, has resulted in an efficient 
and effective workforce that is skilled, confident, and able to 
deliver vaccination clinical studies safely. This report describes 
the team’s experiences during the delivery of a UK-based, 
Phase III, placebo-controlled, double-blind, multisite, corona
virus (Covid-19) recombinant protein vaccine study in 2020.

Preparing for the study
Staffing

Prior to seeing the first patient, organizing a clinical study is 
complex. Contracts, procedures, consumables, training, and 
staffing must all be considered. As the team in Stockport has 
only a small number of permanent staff, staffing the Covid-19 
vaccine study during a pandemic was a challenge. To deliver the 
study safely, adhering to protocol requirements, a substantial 
number of staff of all disciplines was required. To achieve this, 
staff from neighboring trusts were invited to be involved. This 
alone created a considerable volume of administrative work in 
the form of checking staff employment contracts and ensuring 
that all staff had a letter of access to work under Stockport’s 
policies and procedures. Moreover, all staff involved in the study 
required appropriate training, and the correct roles had to be 
delegated. With over 150 staff at times during the study, this was 
a time-consuming process. Furthermore, the ongoing pandemic 
made managing and sourcing staff for the study more time- 
consuming than usual as availability often changed with little 
notice. In addition to the frontline staffing, a substantial number 
of administrative staff were also needed to input the study data in 
a timely manner and to manage contact with GP surgeries and 
reimbursement of travel expenses for study participants.

Venue

The team also had to decide upon and find an appropriate venue 
for the study. It was decided that the study should be held outside 
of the hospital to avoid bringing study participants into an envir
onment that may increase their risk of encountering coronavirus. 
Using an off-site venue added another layer of complexity as 
portable equipment for the study had to be sourced and stored 
safely at the venue, contracts had to be drawn up, and insurance 
and wi-fi had to be organized. The venue also had to be large, with 
enough space to set up a one-way route through the building for 
study participants. Parking and proximity to motorway networks 
were also important. As the turnaround from site initiation visit to 
delivery of the first vaccine was just two weeks, there was a lot to 
achieve in a short time.

Preparing the team

In conjunction with sourcing equipment, the team also had to be 
prepared, which proved challenging. For past studies, training 
would be delivered several weeks before the study began and 

would be followed by a meal to support networking and encou
rage attendance. This approach had previously been successful 
where off-site venues had been used, as it provided an opportu
nity for the study team to meet and learn about each other’s 
roles. During the pandemic, however, training was delivered 
remotely, so there was less opportunity for staff to build rapport 
and establish foundations to their working relationships.

The study leadership team felt it was essential to address 
these issues, as having a team that does not work cohesively 
often provides opportunities for error.1 As the team was made 
up of a number of different professionals from numerous sites, 
scrubs were purchased and loaned to all team members in 
order to support the staff in building a team mental model.2 

Past experience had shown that this approach creates a feeling 
of belonging among team members and portrays a professional 
image to study participants. While having all staff in the same 
uniform can pose issues such as quick identification of roles, 
this was managed through staff introductions at the beginning 
of each day, use of identification badges and the layout of the 
working environment (in line with study requirements). For 
example, participants may be met initially by the administra
tion team, moved through to the doctor team for counseling, 
and consent and eligibility assessment, then to the nurse team 
for specimen collection, vaccination, and online diary training, 
and finally to the administration team who complete the pro
cess and organize the follow-up visit.

Conducting the study

Prior to the vaccination session: the pre-brief

At the beginning of each vaccination session, the whole team 
gathered for ten minutes and the primary investigator (PI) or 
allocated sub investigator (sub-I) led a pre-brief. This included 
welcoming new team members and identifying their roles, 
setting out the plan for the day, including the number of 
participants to be vaccinated and planned start and finish 
times for the session, and updates on any common errors 
being made or protocol changes and deviations. In addition, 
the brief outlined emergency procedures, providing the loca
tion of emergency equipment such as anaphylaxis kits and 
defibrillators and assigning roles for emergencies, including 
the primary responder, the secondary responder, a scribe and 
someone to call and communicate with ambulance crews. 
Finally, the pre-brief provided an opportunity for the team to 
give feedback on any changes that could be made to improve 
the participants’ experience. Ensuring staff had the opportunity 
to contribute to the pre-brief and suggest changes ensured 
efficiency and promoted team working and belonging.

During the vaccination session: leadership and 
process

During each vaccination session, two team leaders supported 
the team, responding to any protocol or process queries, 
addressing equipment requirements, managing stock, helping 
with anxious or nervous patients and managing the flow of 
participants. The team leaders were approachable and 
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supportive so that team members felt comfortable to ask ques
tions and escalate concerns. Overarching leadership for the day 
was provided by the PI. In any quiet times during a session, the 
team practised managing a patient with anaphylaxis.

In the past, the team had used two different models for 
delivering vaccine studies: moving the participant around 
different team members to conduct the required tasks or 
placing the participant with one nurse who conducts all the 
required tasks. While moving the participant around had 
been more time effective, it was found that placing partici
pants with one nurse provides a more person-centered 
approach, supports participant retention in the study, and is 
preferred by staff who have time with the participants allow
ing them to build rapport and complete the required tasks 
without feeling under pressure to move the participant on. As 
such, this approach was chosen for the Covid-19 vaccine 
study. As the team was assembled of staff from many differ
ent fields of practice with different working cultures, working 
in this style required team members to be flexible and sup
portive of one another. Varying levels of confidence with 
certain equipment and procedures had to be considered 
when asking staff to perform procedures they may not per
form regularly in their normal setting. In addition, it was 
important that team members and staff were made to feel 
supported and encouraged to ask for help when needed. 
Finally, due to staffing pressures created through isolation 
requirements during the pandemic, doctor and nurse teams 
were overstaffed so that there were enough available team 
members to allow for the one nurse-one participant 
approach.

After the vaccination session: the debrief

At the end of each session, the team was led in a debrief 
by the PI, which included participants who were complet
ing their post-vaccination observation period. Including 
participants in this session aimed to prevent the risk of 
a “groupthink” culture and to keep the study team open 
and transparent.3 The debrief was used to check that team 
members and participants were happy with the processes 
in place and provide opportunity for any issues to be 

raised. Seeking the opinion of the whole team not only 
aimed to improve the participants’ experience, but also to 
ensure that all team members felt included.

Conclusion

The preparation and implementation of a Phase III, placebo- 
controlled, double-blind, multisite, Covid-19 vaccine study in 
Stockport included effective staffing, venue preparation, team 
training and leadership, which facilitated safe, effective, and effi
cient delivery of the Covid-19 vaccine to more than 750 recruited 
participants. With a team of just over 150 members, the effective 
delivery of this study highlighted the importance of flexible and 
supportive teamworking approaches.
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Introduction

The Royal College of Nursing (RCN), the world’s largest nursing 
union and professional body, has an important role in supporting 
best practice, developing guidance, providing information and 
resources to support nursing and midwifery staff, and influencing    

national policies. The large-scale, ongoing COVID-19 vaccination 
programme implemented rapidly in the UK in 2020 highlighted 
some key considerations for nursing teams. In response, the RCN 
developed in collaboration with other nursing organizations and 
with the Nursing and Midwifery Council (NMC) developed 
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guidance to help maintain patient safety and public trust in vacci
nation, this supplemented RCN resources already available for 
immunization services.1 In particular, there was a need for clarity 
regarding which professionals should administer COVID-19 vac
cines, with ability, authority and accountability all to be consid
ered. This article summarizes the criteria that should be satisfied in 
this respect, highlighting relevant guidance as well as regulatory 
and legal aspects that should be used to support decision-making.

Vaccine administration

Vaccine administration is primarily a nursing role in the UK. 
Nursing teams are best placed for this role as they traditionally 
work across all disciplines and within communities and thus 
understand local populations, allowing services and information 
to be tailored accordingly. The RCN provides valuable resources 
to support vaccination programmes, including ‘Managing child
hood immunisation clinics – best practice guidelines,’2 and 
‘Practical and clinical guidance for vaccine administration.’3 In 
addition, several principles have been defined by the RCN to help 
ensure patient safety and public trust in vaccination programmes. 
These include ensuring the workforce is trained and supported to 
enable safe delivery of vaccines, providing access to useful, rele
vant links and resources that are disseminated to professionals 
(via the RCN website and social media platforms), responding to 
clinical queries and concerns from members (and using these as 
a framework to develop resources and guidance), and providing 
workplace support for nursing staff.

Vaccination policy and practice

The government-issued green book ‘Immunisation against infec
tious diseases’ is used as a benchmark for vaccination policies 
throughout the UK,4 for registered nursing staff the NMC stan
dards and Code also need to be considered.5 However, while 
policies are nationwide, regional practices can differ throughout 
the UK, and ensuring that appropriate policies are followed in 
local settings can cause confusion. Communication with national 
team members is a valuable tool in ensuring a concerted approach 
across the UK and in addressing any issues that may arise. Such 
issues include the most suitable length of time to allocate for 
vaccine administration and whether a doctor should be on-site 
for nurse-led vaccination. When addressing such issues, RCN 
guidance provides information that can help nurses and midwives 
justify and support their actions. This includes the guidance for 
vaccine delivery during COVID-19 ‘Immunization services and 
large-scale vaccination delivery during COVID-19,6 which is con
tinually updated to offer practical support. In addition, the RCN 
winter wellbeing resource include information on the annual 
influenza campaign and ongoing COVID-19 vaccine 
programme,7 which is also applicable to the delivery of large- 
scale vaccination. Collectively, the RCN resources provide prac
tical hints and tips, which can be adapted to specific community 
needs and may prove useful during the pandemic and beyond.

The NMC Code5 governs registered nurses, and presents 
the professional standards that nurses, midwives and nursing 
associates must uphold to be registered to practise in the UK. 

The NMC Code and standards aim to support nurses by 
providing key principles to follow, alongside the ethical frame
works that usually guide practice. The NMC Code in Action is 
another useful resource for nursing staff is centered around 
three main areas, patient safety and person-centered care, 
accountability, and professional judgment.8 These resources 
have been beneficial during the COVID-19 pandemic, during 
which nurses have often been deployed to positions outside of 
their usual roles and environments.

Who can administer vaccines?

During the planning phase of the COVID-19 vaccination pro
gramme, there was a lack of clarity regarding which personnel 
could perform each role. Each profession (doctors, pharmacists, 
nurses) is governed by its professional body, with a requirement 
across the board to serve a duty of care to the public and uphold 
the standard of care expected of practitioners performing 
a particular task or role. In terms of accepting responsibility for 
a given task, and this includes not just accepting specific tasks but 
also the task of supervising and delegating to others. Three factors 
need to be considered, as follows (Table 3).

Ability

Firstly, the level of training/competencies must be considered 
across all staff grades, ensuring that the individual has the 
training and skill to perform the task.

Public Health England provides National Minimum Standards 
(NMS) for immunization training within an agreed standard 
framework for registered healthcare practitioners (2018)9 and 
nonregistered practitioners (2015),10 which are both supported 
by the RCN. These standards are useful in assessing an individual’s 

Table 3. Key considerations when selecting appropriate personnel for COVID-19 
vaccine delivery.

Ability ● All necessary training completed in line with agreed train
ing standards

● Assessed as competent
● Clinic supervisor/manager satisfied with qualifications, 

experience, knowledge and skills
● Adequate supervision and support in place on-site

Authority ● Agreed job role and service delivery
● Vaccine delivery and set in the best interest of the 

individual
● Covered by local or national indemnity (for COVID-19 

vaccine administration, the national protocol provides 
indemnity insurance)

● Legal authorization to administer a prescription-only med
icine (Patient Group Directions/Patient Specific Directions, 
written instruction, national protocol)

Accountability ● All healthcare professionals and support staff involved are 
accountable for their actions and practice

● Clinic supervisor/manager satisfied that the healthcare 
support worker has the necessary skills and competence 
to complete the procedure they are being asked to 
perform

● Clinic supervisor/manager accountable for the decision to 
delegate work/task and ensuring a record of their training 
assessment and ongoing supervision is maintained

● All workers are accountable for their practice during the 
vaccine administration process through civil law and their 
employer
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ability, skill set and competence. Although the NMS only apply in 
England and Wales, they provide a valuable framework to support 
the delivery of immunization training across the UK.

While the necessary knowledge and skills required by an 
immunizer are dependent on the specific role of the individual, 
the vaccine and the scope of practice, core immunization 
training would constitute attendance of virtual, interactive, or 
face-to-face participatory learning sessions, which meet the 
curriculum, and assessment of competence through supervised 
practice using the relevant competent assessment tools.9–11 

Supervised practice should be structured and robust and follow 
the national competency checklist for the role undertaken. 
There is no guidance on the appropriate number of supervised 
practice sessions or vaccinations needed to determine compe
tence. However, both the supervisor and immunizer should be 
confident that the individual has attained the necessary skills 
and knowledge to provide advice and administer vaccines.

The supervisor also needs the ability to undertake this assess
ment, notably, this role does not normally require a formal 
teaching or assessment qualification but individuals should be 
competent in immunization and also have the skills to assess an 
individual’s knowledge and skills and be able to arrange further 
development and learning for new vaccinators as appropriate.

Authority

Secondly, the individual must have the authority to perform 
the task (i.e., the task is part of their job description or within 
the policies and protocols of the respective organization).

Accountability

Finally, the individual must be accountable (i.e., they must have 
agreed to undertake the specific role/task).12 Indeed, healthcare 
practitioners of all levels must ensure accountability across several 
domains. To their employer, healthcare practitioners must abide 
by a contract and job description and be identifiable by their name 
badge. To the patient, practitioners must be respectful, obtain 
consent for the delivery of care, and provide appropriate informa
tion. To themselves, practitioners must be appropriately trained 
and experienced and must always follow best practice. Finally, to 
society, practitioners must be trustworthy and honest.

Decision-making process – delegating and accepting 
responsibility for vaccine administration

The administration of the any vaccine programme including the 
COVID-19 vaccine requires a range of different people with 
varying education and professional experience to work together.

In addition to this all vaccines are prescription-only medi
cines, and under the Human medicines Regulations13 it is also 
essential to remember that appropriate authorization is required 
before they can be supplied and or administered. This is an 
important consideration for nursing staff. The regulations are 
complex and require detailed knowledge and understanding. 
Full explanation is beyond the scope of this article, but the 
RCN medicines management resources provide further 

information.14 Before delegating or accepting responsibility for 
vaccine administration, the decision-making process should 
involve asking critical questions regarding ability, authority 
and accountability, ensuring that all these criteria are satisfied.
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Introduction

Shingles (herpes zoster) is caused by the reactivation of a latent 
varicella zoster virus (VZV) infection, generally decades after 
the primary infection. Primary VZV infection typically occurs 
during childhood and causes chickenpox (varicella) but follow
ing this primary VZV infection, the virus can enter the sensory 
nerves and travel along nerves to sensory dorsal root ganglia 
thus establishing a permanent latent infection. Reactivation of 
the latent virus may lead to the clinical manifestations of 
shingles and is associated with immune senescence or suppres
sion of the immune system including immunosuppressive 
therapy, HIV infection, malignancy and/or increasing age. 
The annual incidence of shingles for those aged 70 to 
79 years is estimated to be around 790 to 880 cases per 
100,000 people in England and Wales.1 The first signs of 
shingles are usually abnormal skin sensations and pain in the 
affected area of skin. Headache, photophobia, malaise and less 
commonly fever may occur as part of the prodromal phase. 
Within days or weeks, a fluid filled blisters typically appears in 
a dermatomal distribution. The affected area may be intensely 
painful with associated paresthesia and intense itching is 
common.2 The rash typically lasts between two and four 
weeks. Following the rash, persistent pain at the site, known 
as Post Herpetic Neuralgia (PHN), can develop and is seen 
more frequently in older people.3

The routine programme for people aged 70 years, using 
Zostavax® (Merck Sharp & Dohme [MSD], has been in place 
since 2013. At the same time a catch-up programme was rolled 
out to those aged 70–79 years in a phased approach. In 2017, 
Public Health England acknowledged the downward trend in 
the uptake of the shingles vaccine.4 In the Maassarani Group 
Practice (Liverpool, UK), this decline was reflected with low 
attendance for annual reviews and poor patient engagement 
for preventative care, including screening and vaccinations. 
There was a marked disparity in attendance for preventive 
healthcare versus attendance when unwell. This report 
highlights the successful transition and the pivotal steps 
taken to facilitate a change in vaccination culture in four 
Maassarani Group Practice centers, with over 26,500 
patients. The practices are in Merseyside and Knowsley, 
where people’s health is considered to be generally worse 
than the England average.5

An initiative to increase vaccination uptake

A need for an initiative to increase lifelong patient vaccina
tion uptake was identified, and the following aims were 
developed. Firstly, to focus on the shingles vaccine as it is 
a single vaccine with a well-defined cohort. The next aim 
was to develop a practice-generated framework, as an    

online search had failed to identify best practice guidelines. 
Thirdly to ensure that the framework was transferable, as 
the model would be used for all vaccinations, screening 
programmes and health promotion messages. Following 
this, the aim was to ensure the framework was inclusive, 
with a whole practice approach including clinicians, non- 
clinical staff, and patients to ensure ownership and invest
ment. It was subsequently necessary to ensure the model 
was sustainable, with the aim of continued health improve
ments and then to ensure the model’s accessibility and 
availability for peer education. Finally, the initiative aimed 
to use open and inclusive communication.

A multidisciplinary steering group was formed by a lead nurse, 
a performance team manager, a communications manager, and 
an MSD vaccine implementation lead, focusing on the clinical 
provision, logistical improvements, and patient engagement.

Staff survey and training

A baseline vaccine-related knowledge survey was distribu
ted among clinical and non-clinical staff to address knowl
edge gaps via adjusted training. The administrative staff 
proved reluctant regarding vaccine-promotion roles; there
fore, a sales and marketing training approach was adopted. 
The staff must be familiar with the product (i.e., Zostavax 
vaccine) and the target patients to confidently challenge the 
patient’s perception and provide advice and answers when 
needed. The survey revealed poor knowledge regarding 
vaccination criteria, live vaccine, cohort, indication, and 
contraindication particularities, and a lack of clarity regard
ing health care assistants’ use of Patient Specific Directions 
(PSDs) and the purpose of vaccination.

The survey outcomes informed a whole practice training 
programme. The non-clinical staff was video trained on immu
nology and vaccines to minimize work disruptions and pro
mote an open and secure environment. The staff reported 
positive feedback, highlighting a better understanding of the 
vaccination process and self-confidence.

The second video training explained the shingles vaccine’s 
transmission, symptoms, treatment, and PHN. A discussion on 
the planned shingles vaccination implementation programme 
followed. The videos were made available on the practice 
intranet, along with a question-and-answer wall where staff 
could post questions anonymously. Additionally, a training 
update on lifelong vaccinations focused on shingles vaccine, 
the health economic aspects of infection, particularly PHN and 
the associated burden of disease, to help prioritize and incor
porate opportunistic vaccination into daily practice.

Communication skills were uplifted for all practice staff. 
The goal was to create a vaccine-confident culture, generate 
trust in vaccine efficacy and safety, challenge patients’ 
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perceptions, inform and facilitate a positive change. 
Informative and educational materials were shared with 
patients via posters, websites, newsletter, and videos in the 
waiting area. It was agreed that the training investment offered 
the staff an updated sense of competence to effectively promote 
vaccines to patients. All staff received a key facts sheet on the 
shingles vaccine for reference if needed.

Other factors contributing to success

In addition to filling the staff training gaps, several other factors 
were key to the success of the initiative. Firstly, the frontline 
staff, who were the first point of contact for patients on the 
phone, electronically or in person, were often members of the 
same local community as the practice patients, and as such, 
patients were familiar with the staff. This factor, coupled with 
their skill set uplift, enabled nonclinical staff to become con
fident and persuasive advocates in influencing patients’ beha
vior. There were many volunteers to become a vaccination 
champion in each practice, with responsibilities including the 
distribution of promotional literature to patients and liaison 
with the patient participation group.

Secondly, the slogan ‘to make every vaccine contact count’ 
was adopted as an important tool in achieving our opportu
nistic vaccination culture goal. Approved desktop vaccine sto
rage bags were placed in each clinician’s room to ensure 
minimal disruption and adequate time to vaccinate during 
regular consultations. Bags were filled, emptied, and monitored 
by a nominated administrative staff member. The vaccination 
champion further facilitated vaccine opportunities by identify
ing eligible patients from the appointment lists and ensuring 
PSDs were signed in readiness, where appropriate. Eligible 
patients were also signposted for vaccination by in-house and 
external pharmacy staff and by visiting clinicians.

The performance team also reviewed and improved their 
vaccination audit process as part of the vaccination drive. 
Audits were undertaken for all practices to identify and target 
eligible patients. Patients were contacted by telephone, and 
non-responders were followed up with a second telephone 
call and then by letter. Invitations to attend for vaccination 
were sent in the form of an MSD 70th birthday card. 
Importantly, all patients who declined or did not attend 
a vaccine appointment but remained eligible for vaccination 
were followed up and re-invited to attend.

Finally, as the start of the project coincided with the 70th 

anniversary of the NHS, a 1940s-themed event named ‘Mingle 
for Shingles’ was planned to launch the immunization initia
tive. The aim was to create community collaboration in a fun, 
inclusive and entertaining environment, which combined 
health promotion, disease prevention, a celebration of health
care and, importantly, administration of the shingles vaccine. 
The event received overwhelming community support, and 34 
shingles vaccinations were administered. Patients who did not 
attend were contacted, and 66% were vaccinated within the 
following 3 months. General practitioners, nurses and a senior 
practice pharmacist also attended the event and mingled infor
mally with patients, which challenged perceptions and barriers 
and further connected practices with the community.

Finally, a revised system was subsequently developed 
for the call and recall team, which are central to managing 
patient bookings. The new system included an immuniza
tion lead responsible for operational management and 
performance monitoring; improved identification of 
patients who require vaccination, a systematic and tar
geted process for call and recall; administrative protocols 
built into the clinical system to ensure processes and 
pathways are adhered to, the use of targeted communica
tion campaigns; methods to ensure accountability and 
ownership regarding vaccination and immunizations; and 
weekly and monthly targets for the number of vaccine- 
eligible patients receiving intervention.

The initiative led to improved vaccine uptake

The initial shingles vaccination campaign triggered effective 
change management in the practices, and the culture of immu
nization is now firmly anchored in practice behaviors and 
policy. This led to vastly improved vaccine uptake (Table 4).

Following the initiative’s success, the desktop vaccination 
cool bags remain in daily use and are routinely taken on home 
visits and to outreach clinics. All clinicians, including locums, 
are expected to vaccinate opportunistically. Vaccination train
ing and awareness is included in the staff induction pro
gramme for both new clinical and non-clinical staff.

Summary

By taking a whole-practice approach and empowering all staff, 
the immunization initiative has facilitated an effective and 
sustainable way to improve and maintain vaccination uptake. 
Positive change was realized through investing in staff and the 
implementation of best practice techniques. The project has 
continued to evolve and has proved to be transferable to all 
vaccinations and other health promotion and health screening 
programmes throughout the practice.
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Note: 2017/2018, n = 897 (70- and 78-year-olds); 2018/2019, n = 806 (70- and 78- 
year-olds).
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Meningococcal Disease

Although rare, meningococcal disease is associated with 
rapid onset within 48 hours, a 10–15% fatality rate and 
a high frequency of survivors (25%) are left with life-long 
sequelae, some of which are devastating. The main patho
gens implicated in bacterial meningitis and/or sepsis are 
Haemophilus influenzae type b (Hib), Streptococcus pneumo
niae, Group B streptococcus (GBS) and the meningococcus 
(Neisseria meningitidis). Neisseria meningitidis is the leading 
cause of bacterial meningitis, with serogroups A, B, C, 
W and Y causing the majority of disease.

Vaccine Development

The principle of using capsular polysaccharides and their conju
gates as a vaccine antigen to induce an immune response has been 
used in the development of vaccines against the meningococcus 
serogroups A, B, C, W and Y. A 1992 study showed that conjugate 
vaccines for Meningococcal C induced high levels of bactericidal 
antibodies in infants, and that a plain polysaccharide vaccine was 
a poor immunogen. Since conjugate Meningococcal C (MenC) 
vaccines were introduced in the UK in 1999, they have significantly 
decreased disease.1 In total, MenC vaccine has prevented greater 
than 20,000 cases, 2,000 deaths and 4,000 permanent sequelae.

Although conjugation of the capsular polysaccharide proved 
to be a highly successful strategy in the development of vaccines 
against Men A, C, W and Y disease, conjugation of the capsular   

polysaccharide is unsuitable against Meningococcal B (MenB) 
disease because the MenB polysaccharide capsule is generally 
unsuitable for vaccine development due to low immunogenicity 
and the potential risk for autoimmunity given the structural 
similarity of the capsule to certain abundant human 
glycoproteins.2 Many alternative approaches to develop vaccines 
that protect against invasive diseases including strains of MenB 
have been undertaken (Figure 1).3

Reverse Vaccinology Use in Meningococcus B Vaccine 
Development

The discovery of vaccine antigens via whole genome 
sequencing (WGS) rather than the conventional labora
tory-based analysis of microbes to identify components 
which may elicit protective immunity is termed reverse 
vaccinology. Use of reverse vaccinology was a change in 
scientific direction that led to the discovery of new vaccine 
antigens, many of which had not been discovered before 
the use of WGS because they were outer membrane pro
teins that had relatively low levels of surface expression.3

A reverse vaccinology approach was utilized in the devel
opment of a MenB vaccine (Figure 2).3 Proteins located in the 
cytosol are generally poor immunological targets, whereas sur
face-associated structures are more likely to induce an immune 
response as they are more accessible. An in silico bioinfor
matics approach was used to identify novel antigens for vaccine 
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development. The complete genome sequence of an isolate of 
Neisseria meningitidis serogroup B (MenB) was systematically 
screened to identify proteins predicted to be secreted or 
exported to the outer membrane that were localized in the 
periplasm or inner membrane. This led to the identification 
of 600 potential vaccine candidates.3 Of the 600 predicted sur
face-exposed proteins, 350 were successfully expressed in 
Escherichia coli and purified as recombinant proteins. The 
antisera of these 350 recombinant antigens were analyzed, 

and 91 were proven to be surface-exposed, with 28 able to elicit 
a bactericidal response. The identification of 28 new potential 
vaccine candidates represented a real breakthrough.3

Four-component MenB (4CMenB) Vaccine Development

Testing of the candidate vaccine antigens indicated that no 
single component would be sufficient to induce broad cov
erage and that a “universal” vaccine should contain multiple 
antigens. The final choice of antigens to be included was 
based on cross-protective ability, and maximum coverage of 
the extensive antigenic variability of MenB strains.3 The 
resulting multivalent vaccine formulation selected consisted 
of three main Neisseria protein recombinant antigens; 
Neisserial Heparin Binding Antigen (NHBA), Factor 
H binding protein (fHbp) and Neisseria Adhesin 
A (NadA). To improve immunogenicity and potential 
strain coverage, PorA (Porin A, the immunodominant anti
gen of the outer membrane vesicle [OMV]) obtained from 
a serogroup B strain, NZ98/254, successfully used during an 
epidemic in New Zealand in 2004–2008 was added to create 
a four-component vaccine, called 4CMenB.3 The 4CMenB 
vaccine was introduced into the UK National Infant 
Immunization programme on September 1st, 2015.4

4CMenB vaccine efficacy

During the first three years of the 4CMenB immunization 
program, there was a 75% decrease in MenB disease in the 
UK.5 Vaccine efficacy was assessed by comparing the observed 
efficacy in fully eligible cohorts irrespective of vaccination 
status or predicted MenB strain coverage compared to the 
predicted number of cases in the absence of vaccination 
(based on observed trends among unvaccinated childhood 
cohorts over the same period). Cases of MenB continued to 
fall in the fourth year and have continued to do so every year 

Figure 1. Vaccine technology. BCG, Bacillus Calmette-Guérin; GAS, Group 
A streptococcus; GBS, Group B Streptococcus; Haemophilus influenzae type B; 
RNA, ribonucleic acid.

Figure 2. Reverse vaccinology in MenB vaccine antigen identification.
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since the program was implemented, thus protecting more 
birth cohorts.6 Vaccine effectiveness was calculated using 
screening methods and, further, using a Poisson regression 
model to improve precision (Table 5).5,7

The effectiveness of 4CMenB is supported by data from 
real-world experience across multiple settings: 

● UK national immunization program – 75% decrease in 
MenB disease6

● Canada (Saguenay-Lac-Saint-Jean region) outbreak set
ting − 96% decrease in MenB disease8

● USA university outbreak setting – no cases in vaccinated 
individuals9,10

● Portugal endemic setting – 79% effectiveness11

● Italy national immunization program – effectiveness of 
91% in Veneto and 93.6% in Tuscany12

● South Australia state-wide study in adolescents − no cases 
in vaccinated individuals13

Cross-reactive immunity of 4CMenB

Use of 4CMenB has also demonstrated cross-reactive 
immunity against other non-serogroup B meningococcal 
serogroups (C, W, Y).14 A study evaluated the ability of 
antibodies raised by 4CMenB immunization to induce 
serum bactericidal activity on non-MenB strains by collect
ing and analyzing meningococcal disease isolates in several 
European countries and Brazil.15 The Euro-3 panel coun
tries consisted of England and Wales, Germany and France 
with a total of 227 non-MenB isolates collected between 
July 1st, 2007 and June 30th, 2008. In the Brazilian panel, 
41 non-MenB isolates were collected during 2012. All 
strains were characterized by serogroup, multi-locus 
sequence typing and 4CMenB antigenic sequence (fHbp, 
NHBA and PorA) and the presence of the NadA gene. 
4CMenB infant sera killed >70% of representative strains 
for serogroups C, W and Y of the non-B strains tested. The 
percentage of non-B isolates killed using human comple
ment serum bactericidal activity assay (hBSA) at bacterici
dal titers ≥4 in the Euro-3 panel countries classified by 
serogroup were: MenC (n = 76): 66%, MenW (n = 28): 
75%; MenY (n = 23): 91%; all (n = 127): 72%.

The laboratory-based findings that 4CMenB may offer addi
tional protection against MenW have been confirmed in a real- 
world setting.15 Poisson model estimates were used to compare 
meningococcal group W (MenW) cases confirmed during the 
4 years before and 4 years after implementation of the 4CMenB 
programme in England. There were 69% fewer MenW cases in 
fully immunized children receiving 4CMenB than predicted. In 
total, there were 138 MenW cases in infants and children up to  

5 years old. 4CMenB directly prevented 98 (95%CI, 34 − 201) 
cases. Vaccine effectiveness was 88% but with wide confidence 
intervals because of small case numbers. Disease severity was 
similar in 4CMen B immunized and non-immunized children.

Neisseria – Can we kill two birds with one stone?

The Neisseria genus comprises many species isolates, with the 
three main ones being Neisseria meningitidis, Neisseria gonorrhoeae 
and Neisseria lactamica. Both N. meningitidis and N. gonorrhoeae 
can be pathogenic whilst N. lactamica is a commensal. Notably, 80– 
90% genome identity is shared between meningococcus and gono
coccus. However, extensively drug resistant (XDR) strains of 
N. gonorrhoeae are emerging globally. The World Health 
Organization (WHO) warns that an untreatable gonorrhea 
‘superbug’ is spreading around the world.16,17 Antibiotic resistance 
is a growing concern and WHO tells of a ‘very serious situation’ 
after confirming three known cases where all antibiotics used in 
treatment proved to be ineffective.

Surveillance data suggested that the OMV meningococcal 
group B vaccine that was used successfully in the vaccination 
campaign to eliminate the meningococcus B epidemic in New 
Zealand in infants and children, also affected the incidence of 
gonorrhea. A retrospective case control study in New Zealand 
was carried out and demonstrated 31% vaccine effectiveness in 
protection against gonococcus.18 Another retrospective case- 
controlled study in the USA in 2020 reported 18,369 gonorrhea 
infection cases, with an estimated multicomponent MenB (MenB- 
4C) vaccine effectiveness against gonorrhea of 40% (95% CI, 
25 − 53).19

Conclusion

The development of a vaccine to protect against MenB disease 
has been a major milestone in the fight to eliminate meningo
coccal meningitis. Successes seen with the use of reverse vacci
nology to develop meningitis vaccines may also help in the 
fight to conquer gonococcus.
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Table 5. Vaccine efficacy of 4CMenB evaluated by two different techniques.

Number of 4CMenB doses Vaccine effectiveness (Ladhani et al., 20205 by screening method) Vaccine effectiveness (Poisson regression)

1 24.1% (95% CI, −37-6 to 58.2) 33.5% (95% CI, 12.4 to 49.7)
2 52.7% (95% CI, −33.5 to 83.2) 78.7% (95% CI, 71.5 to 84.5)
3 59.1% (95% CI, −31.1 to 87.2) 80.1% (95% CI, 70.3 to 86.7)
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Introduction

Meningitis and neonatal sepsis combined are estimated to 
be the second-largest infectious cause of death in children 
under 5 years old.1 Despite significant progress over the last 
two decades, meningitis remains a much-feared disease 
globally. The main reasons behind this are the high case 
fatality rate and the propensity to cause epidemics which 
present a major challenge for health systems and econo
mies. To help reduce preventable child deaths, the World    

Health Organization (WHO) produced the first-ever road
map to help defeat meningitis by 2030. The roadmap 
involved hundreds of experts, Member States representa
tives, partners, Civil Society Organization as well as private 
sector representatives, through multidisciplinary, iterative 
and comprehensive consultations. The defeating meningitis 
by 2030 global road map was approved by the seventy-third 
session of the World Health Assembly in November 2020 
(resolution WHA73.9).2
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The global road map encompasses five key interconnected 
pillars, as follows: 

(1) Prevention and epidemic control focused on the devel
opment of new affordable vaccines, achievement of high 
immunization coverage, improvement of prevention 
strategies and response to epidemics;

(2) Diagnosis and treatment, focused on speedy confirmation 
of meningitis and optimal management;

(3) Disease surveillance to guide meningitis prevention and 
control;

(4) Care and support of those affected by meningitis, focus
ing on early recognition and improved access care and 
support for after-effects from meningitis; and

(5) Advocacy and engagement, to ensure high awareness of 
meningitis, consideration into countries plans, and 
increase the right to prevention, care and after-care 
services.

Although the road map on defeating meningitis addresses all cases 
of meningitis regardless of cause, it mainly focuses on the main 
causes of acute bacterial meningitis which are meningococcal, 
pneumococcal, Haemophilus influenzae and group B streptococci.

The Meningitis Progress Tracker – methods and 
progress to date

The Meningitis Progress Tracker (MPT) is an interactive visuali
zation tool helping to track and facilitate this initiative. Developed 
by the Meningitis Research Foundation, it brings multiple global 

sources of estimates of disease burden and data on meningitis 
together into one place for the first time,3 it represents the first 
ever visualization of the story of meningitis, with a stated aim to 
track progress toward defeating meningitis. Source of estimates 
used in the MPT are the Institute of Health Metrics and 
Evaluation, or IHME, the WHO Global Health Estimates group, 
and the WHO and the Johns Hopkins Bloomberg School of Public 
Health’s Maternal and Child Epidemiology Estimation group’s 
Child Mortality Estimation.4–7

The MPT is structured around the five pillars of the 
WHO Defeating Meningitis by 2030 roadmap and pro
vides users with simple, accessible visualizations of menin
gitis related data. This is of primary importance as the 
data on the global meningitis burden are hard to interpret, 
in part due to there being multiple causes, and because the 
data come from several different sources. While monitor
ing the progress of the WHO initiative is its primary aim, 
the MPT can also be used as a learning and development 
tool.

The pilot study with the prototype MPT 1.0 was launched on 
World Meningitis Day 2019 (Wednesday 24th April) and to date 
has attracted over 33,000 users from over 70 countries. MPT 1.0 
provided users with estimated numbers of cases and deaths from 
neonatal sepsis and meningitis by syndrome and pathogenic 
cause in children under 5 years of age.1

A major update, MPT 2.0, was launched in September 2020 
expanded on MPT 1.0 to include new visualization tools such as 
the disease burden landing page, which has been expanded to 
include data for all age groups and incidence and mortality rates 
for meningitis by syndrome, pathogenic cause, and neonatal 
sepsis. A year slider helps visualize how disease burden has 

Figure 3. Meningitis progress tracker.
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changed since 2000. Additionally, a page aligned to the preven
tion and epidemic control pillar of the roadmap shows informa
tion on vaccine targets, types of vaccine, age groups and different 
country sets, and for a specific country can determine vaccina
tion schedules and use. The tracking progress page also shows 
which countries have the most cases or greatest number of 
deaths and allows data comparison from different countries, 
and a country profiles tab allows users to easily access country- 
specific progress and monitor their status regarding specific 
indicators relevant to the roadmap.

Globally, routine vaccination programmes against 
meningococcal meningitis have been added to the existing 
data on global coverage of pneumococcal and Hib vaccines, 
with detailed information on the control of meningococcal 
A (MenA) in the meningitis belt.8 For the first time, WHO 
Inter-country Support Teams surveillance data have been 
incorporated from the African meningitis belt, and 
a country profiles tab has been added to summarize coun
try-specific progress and status with regards to specific 
indicators relevant to the roadmap. The platform can be 
used to ascertain information about disease types (menin
gitis and neonatal sepsis) and causes (meningococcal, pneu
mococcal and Haemophilus influenzae type b [Hib]) in 
particular countries, regions, and age groups. Users of the 
MPT can interact with the data on different pages of the 
MPT, filtering by age, pathogen (meningococcal, pneumo
coccal and Hib), estimation source and geography to pro
duce visuals of most significant relevance. Figure 3 shows 
a screen shot of the MPT taken in September 2021, indicat
ing 462,452 estimated total deaths and 8,427,054 estimated 
total cases of meningitis and neonatal sepsis combined 
globally.

Summary

Reducing cases and deaths from vaccine-preventable bacterial 
meningitis is integral to the WHO Defeating Meningitis by 2030 
roadmap vision. Meningitis and neonatal sepsis together are 
within the top three most important infectious syndromes.7 By 
far the biggest burden of meningitis is estimated to occur in 
countries with low quality or no death registration data thus data 
relies heavily on extrapolating from verbal autopsy studies.7 The 
MPT visualizes multiple sources of global estimates of disease 
burden together in one place, bringing together indicators for 
prevention, treatment and support for meningitis and making it 
easier for civil society groups and other stakeholders to advocate 
for the implementation of the roadmap in their own countries. 
The MPT will be further developed to add more worldwide real- 
time surveillance data, and new indicators of progress for diag
nosis, treatment and aftercare for meningitis. Future plans also 

include the addition of data on group B Streptococcus. More 
work is required to provide credible meningitis burden estimates 
for measuring progress. More data on cause of death in regions 
where child mortality rates are the highest are becoming avail
able through the use for example of minimally invasive tissue 
sampling.9
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Introduction

Neisseria meningitidis is a leading global cause of meningitis and 
septicemia. Among the six main serogroups (A, B, C, W, X and 
Y), serogroup B (MenB) is currently the leading cause of invasive 
meningococcal disease in industrialized nations. Owing to the 
poor immunogenicity of the MenB capsule, MenB vaccines are 
based on antigens that are inherently subject to variation. The 
4CMenB vaccine (Bexsero, GlaxoSmithKline UK) contains sev
eral proteins, notably Porin A (PorA) P1.4, factor H binding 
protein (fHbp), Neisserial Heparin Binding Antigen (NHBA) 
and Neisseria adhesin A (NadA).1 In order to be covered by 
4CMenB, anisolate must express PorA P1.4 and/or express 
a sufficiently cross-reactive variant of at least one of the other 
peptides.2 The correlate of protection for MenB is a titer >1:4 in 
the serum bactericidal antibody assay using human complement 
(hSBA).3 Since it is not practical to test all invasive MenB isolates 
using the hSBA assay, the Meningococcal Antigen Typing 
System (MATS) assay was developed to assess isolate/strain 
coverage.2 The MATS assay utilizes sero/genotyping to charac
terize PorA, and an enzyme-linked immunosorbent assay 
(ELISA) to assess cross-reactivity and expression of fHbp, 
NHBA and NadA. If an isolate possesses PorA P1.4 and/or the 
relative potency (RP; versus a reference strain) of at least one of 
the other antigens exceeds a protective threshold, the positive 
bactericidal threshold (PBT), the isolate is considered covered.

The MATS assay is performed by a limited number of labora
tories worldwide. Furthermore, MATS requires a viable isolate 
which is not always available owing to early antibiotic administra
tion. Therefore, relatively accessible schemes, Genetic (g)MATS 
and the Meningococcal Deduced Vaccine Antigen Reactivity 
(MenDeVAR) Index, have been developed to predict strain cover
age based on genotypic data alone.4,5 gMATS was based on a large 
MATS dataset (published and unpublished) and MenDeVAR was 
developed using a relatively limited set of published MATS data. 
MenDeVAR also enables genotypic analysis of strain coverage by 
the MenB-fHBP vaccine (Trumenba, Pfizer Limited), based on 
published hSBA and flow cytometry data. Characteristics of 
gMATS and MenDeVAR are summarized in Table 6.

The aim of this study was to compare estimated 4CMenB 
coverage of English MenB isolates according to MATS, gMATS 
and MenDeVAR.

Methods

The study included all English invasive MenB isolates (n = 792) 
from epidemiological years (July to June, inclusive) 2014/15 to 
2017/18. Genotypic data were obtained from draft genomes hosted 
on the Meningitis Research Foundation Meningococcus Genome 
Library (MGL).6. The MATS assay was performed in accordance      

with Donnelly et al. 2010 (with fHbp PBT = 0.012).2 gMATS was 
applied in accordance with Muzzi et al., 2019.4 MenDeVAR was 
applied in accordance with Rodrigues et al., 2020.5

Results

MATS provided a 4CMenB coverage prediction (covered or not 
covered) for all of the isolates. gMATS provided a coverage 
prediction for 76.5% (n = 606/792) of isolates with the remainder 
unpredictable. MenDeVAR provided a coverage estimate for 
63.3% (n = 501/792) of isolates with the remainder unpredictable.

According to MATS, 72.3% (n = 573/792) of isolates were 
covered by 4CMenB and 27.7% (n = 219/792) were not covered 
(Figure 4). On an individual basis, gMATS predicted that 62.2% 
(n = 493/792) of isolates would be covered by 4CMenB and 
14.3% (n = 113/792) of isolates would not be covered. Once the 
unpredictable isolates had been divided equally into covered and 
not covered, gMATS coverage was similar to that of MATS with 
74.0% (n = 586/792) of isolates covered and 26.0% (n = 206/792) 
not covered. MenDeVAR, which does not divide unpredictable 
isolates, was more dissimilar with 54.0% (n = 428/792) of iso
lates covered and 9.2% (n = 73/792) not covered.

gMATS and MenDeVAR were fully in agreement for 4CMenB 
coverage of PorA (17.0% covered, n = 135/792) and for 97.5% of 
isolates for coverage of NadA (n = 772/792). This included non- 
coverage of nadA− isolates (n = 602, 76.0%) and isolates not 
expected to express NadA (phase variable off n = 79, 10.0%; 
frameshifted/insertionally inactivated alleles, n = 13, 1.6%). They 
were also in agreement for isolates possessing alleles for NadA 
peptides deemed not to be covered by MenDeVAR (peptides 1, 21 
and 100, n = 78, 9.8%, collectively). Since gMATS considers no 
NadA peptides to be covered, the two schemes were in disagree
ment for isolates with (i) peptides deemed covered by 
MenDeVAR (peptides 3, 6 and 8; n = 3 collectively), (ii) peptides 
deemed indeterminate by MenDeVAR including NadA-1 (n = 3), 
NadA-2/3 (n = 2) and NadA-4/5 (n = 2) peptides, and (iii) incom
pletely assembled NadA-4/5 and NadA-6 alleles which were, 
therefore, also indeterminate for MenDeVAR (n = 10).

For fHbp, gMATS and MenDeVAR were in agreement for 
53.0% (n = 63/119) of peptides across 89.5% (n = 709/792) of 
isolates. Among the 10.5% of isolates where disagreements existed, 
73.5% (n = 61/83) were because of variant 2/3 peptides that 
gMATS considered not covered, and MenDeVAR considered 
indeterminate. A further four disagreements related to isolates 
with alleles for peptides 10 and 254 which were considered cov
ered by MenDeVAR but indeterminate by gMATS since a test of 
proportions was unable to reject 50% coverage as a null hypoth
esis. The remaining 18 disagreements related to peptides 2, 90, 
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224, 245, 249 and 510, which were considered covered by gMATS 
but indeterminate by MenDeVAR, despite >75% of correspond
ing isolates being covered in the original gMATS dataset.4

For NHBA, gMATS and MenDeVAR were in agreement 
for 87.8% (n = 72/82) of peptides across 76.9% (n = 609/792) 
of isolates. Among the 23.1% of isolates where disagreements 
existed, 80.3% (n = 147/183) were due to peptides (3, 20 and 
21) considered covered by gMATS and indeterminate by 
MenDeVAR. In the original gMATS dataset,4 these were 
covered in 65.7% (n = 234/356), 64.8% (n = 140/216) and 
69.9% (n = 267/382) of isolates, respectively, and so didn’t 
reach the 75% threshold of MenDeVAR. Disagreements 
among a further 18.0% (n = 33/183) of isolates were due to 
peptides (13, 58, 144, 122 and 24) that were considered not 
covered by gMATS and indeterminate by MenDeVAR. In 
the original gMATS dataset,4 no isolates with peptides 13 
(n = 6), 58 (n = 7), 144 (n = 18) or 122 (n = 14) were covered, 
while peptide 24 was covered among 34.8% (n = 32/92) of                       

isolates. The remaining disagreements, observed among 
three isolates (1.6%, n = 3/183), related to peptides 607 and 
197 which were covered and not covered, respectively, by 
MenDeVAR but indeterminate by gMATS having not 
reached significance in the test of proportions.

Discussion

Against a recent panel of English invasive MenB isolates, gMATS 
performed better than the published version of MenDeVAR in 
terms of the proportion of isolates given a prediction and its 
closeness to MATS outcomes. Individual PorA-based predictions 
were identical between MenDeVAR and gMATS, as expected 
given identical criteria. NadA-based predictions were similar 
between gMATS and MenDeVAR but could have been improved 
if the latter considered NadA-4/5 and NadA-6 peptides de facto 
not covered, as the literature indicates.1,7

Figure 4. 4CMenB coverage of English invasive MenB isolates from 2014/15 to 2017/18 as predicted by MATS, gMATS and MenDeVAR.

Table 6. Key similarities/differences between gMATS and MenDeVAR.

gMATS MenDeVAR

Applies to 4CMenB 4CMenB and MenB-fHBP

Access Muzzi et al. (2019)4 https://pubmlst.org/organisms/neisseria-spp/mendevar;  
Rodrigues et al. (2020)5

Basis Partially published MATS dataset Published and peer-reviewed MATS data (4CMenB), hSBA and flow 
cytometry data (MenB-fHBP)

Ag inclusion criteria Data for >5 isolates Data for ≥5 isolates
Peptide coverage criteria (fHbp 

and NHBA)
Covered – >60% of isolates MATS-positivea 

Not covered – <40% of isolates MATS-positivea 

Unpredictable – all other

Cross-reactive – ≥75% of isolates MATS-positive 
Not cross-reactive – ≥75% of isolates not MATS-positive 
Grey – 25% to 75% of isolates MATS-positive

Peptide coverage criteria (NadA) Not covered – all (a priori)

Peptide coverage criteria (PorA) Covered – P1.4 
Not covered – other

Cross-reactive – P1.4 
Not cross-reactive – other

Strain coverage criteria Covered – ≥1 Ag covered 
Not covered – all Ag not covered 
Unpredictable – others

Greenc – ≥1 Ag exact matchb 

Amberc – ≥1 Ag cross-reactiveb 

Redc – all not exact and all not cross-reactive 
Greyc – Ags untested/do not meet threshold

Strain coverage of national strain 
panels

50% of unpredictable considered covered/not 
covered, respectively

No further criteria

Note: AIf test of proportions rejected 50% coverage as a null hypothesis. 
Note: BProtein expression not inferred. 
Note: CTraffic light system.
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The main causes of discrepancies between gMATS and 
MenDeVAR were (i) differences in the relative stringencies of the 
covered/cross-reactive and not covered/ not cross-reactive thresh
olds, (ii) consideration of fHbp variant 2 and 3 peptides as poten
tially cross-reactive by MenDeVAR (similar to NadA-4/5 and 
NadA-6 above), (iii) unavailability of certain MATS data to inform 
MenDeVAR due to non- (or pending) publication, (iv) the lack of 
a system in MenDeVAR to divide unpredictable isolates between 
covered and not-covered when dealing with a national dataset.

The complete and timely publication of MATS data, adjust
ments to MenDeVAR criteria surrounding well established non- 
covered variants,1 and development of a system to divide unpre
dictable isolates in national datasets should be possible and would 
serve to improve MenDeVAR. Adjustment of the cross-reactive 
/not cross-reactive thresholds would, however, constitute a big 
change to the published MenDeVAR criteria. A possible way 
forward may be to add a second set of ‘low stringency’ thresholds.

It could be argued that the relatively stringent thresholds of 
MenDeVAR would improve vaccine selection in an outbreak 
scenario. For example, the USA university cluster referred to in 
the MenDeVAR publication involved a strain possessing alleles 
for fHBP peptide 19 and NHBA peptide 20.8 fHbp peptide 19 is 
not covered by 4CMenB for either scheme, whilst MenDeVAR 
considers it cross-reactive with MenB-fHBP. NHBA peptide 20 is 
covered by 4CMenB according to gMATS (65% positivity in 
original gMATS dataset4) but is indeterminate according to 
MenDeVAR. The developers of MenDeVAR therefore proposed 
that when using MenDeVAR “this information could have directed 
public health specialists to using Trumenba early after IMD cluster 
definition was met, preventing delays in health protection interven
tions, including mass vaccination campaigns, frequently required in 
university settings.” Flow cytometry of the outbreak strain indi
cated, however, that fHbp expression was ‘relatively low’ and that 
NHBA binding of antisera raised against NHBA peptide 2 (the 
vaccine variant) was also ‘low.’8 This highlights the complexity of 
such decisions, which will invariably benefit from input from 
national meningococcal reference laboratories.

Given (i) MenDeVAR’s privileged location on the PubMLST 
platform,9 (ii) its inherently ‘live’ nature, and (iii) its utilization in 
estimating coverage by both MenB vaccines, it may, in due course, 
replace gMATS. Therefore, implementing changes similar to the 
ones suggested above should be considered to align performance 
to gMATS level. Meanwhile, as new strains and antigenic variants 
continue to arise, the use of MATS will need to continue in order 
to inform all such MATS-based genotypic schemes.
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