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Abstract

Introduction:

Invasive Meningococcal Disease (IMD) is a rare, but life-threatening, complication of infection
with Neisseria meningitidis (N. meningitidis) bacteria. The most common clinical presentations
of IMD are sepsis and meningitis, and even with rapid treatment survivors often suffer serious

long-term sequelae.

Public health management of IMD is focussed on limiting transmission within a population,
thus reducing the risk of outbreak development. National and international guidelines have
been developed to facilitate activities by staff in public health departments to identify and
respond to IMD cases as they occur. There is limited understanding on how public health

management of IMD has developed over time or differs between jurisdictions.
The aims of this research study were to:

1. Assess national and international guidelines for the public health management of IMD,
with a focus on their recommendations for identification and management of close
contacts; and

2. Gain insight into changes across time in the public health management of IMD
outbreaks through identifying and describing similarities and differences in responses

according to outbreak characteristics and setting.
Methods:

English language guidelines from national and international public health agencies were
assessed using a modified version of the Appraisal of Guidelines, Research and Evaluation
(AGREE II) Instrument. Each guideline was scored in four key domains — stakeholder
involvement, applicability, clarity of presentation, and rigour of development. The wording used
in recommendations for identification and management of IMD close contacts was also

compared.
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To address the second aim, a systematic review was conducted to assess any changes over
time in public health responses to IMD outbreaks. Pubmed and Embase were searched for
studies that described IMD outbreaks and their associated response. Outbreaks were grouped
by N. meningitidis serogroup, location and time; and assessed by size, duration, setting and

public health management strategies.

Results:

Public health guidelines with higher scores using AGREE Il had clear, concise
recommendations, were well supported by the available evidence, and included information
on the risks and benefits of each recommendation. Guidelines that scored poorly showed no
clear link between evidence and recommendations, were not explicit in their guidance, or did
not detail potential barriers or facilitators to implementation of guidelines. Recommendations
for contact management were largely consistent across the included guidelines, with some
variation in recommendations for vaccination. The operational definition of a close contact
varied between countries — from household and household-like contacts alone to household,
household-like, sexual, child-care, co-passengers and healthcare contacts.

Outbreak management has evolved over time, with reporting on earlier outbreaks informing
responses to subsequent outbreaks. However, the detail included in reports on outbreaks was
inconsistent, with many studies missing key contextual information regarding time, person, or

place.

Discussion:

Clear, consistent guidance is necessary to facilitate effective public health management of
IMD. Guideline development should prioritise consistency between jurisdictions in
recommendations for the public health management of IMD cases and their contacts. Better
reporting of IMD outbreaks and their response may also support the development of more

consistent public health guidance.
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Chapter 1 — Introduction

1.1Background
1.1.1 Communicable diseases

Infectious diseases are illnesses caused by infectious agents, otherwise known as pathogens.
These pathogens can be bacterial, viral, parasitic, conformational, or fungal in nature (Noah
2006; van Seventer & Hochberg 2017). Infectious diseases that can be transmitted between
one person or animal to another are known as communicable diseases. Transmission can
occur directly (e.g. contact with bodily fluids), indirectly (e.g. droplets, contaminated water or
surfaces), or through a vector (e.g. mosquito or flea bites) (Noah 2006). Most individuals will
experience multiple infections with communicable diseases over their lifetime (Australian

Institute of Health and Welfare 2021).

There is wide variability between communicable diseases in their severity, risk of long-term
complications or mortality, and transmissibility (Noah 2006). When a potential host is exposed
to an infectious agent, there is a complex interplay of agent, host, and environmental
determinants that to influence the outcome of exposure. Different pathogens vary in their
infectivity (proportion of individuals who become infected following exposure), pathogenicity
(likelihood of disease symptoms developing once infected) and virulence (risk of severe
disease) (van Seventer & Hochberg 2017). Hosts vary in their susceptibility, or ability to resist
infection. Environmental factors such as physical structures, social behaviours, overall
prevalence of disease, cultural practices and political factors may also influence host
vulnerability to communicable disease infection (van Seventer & Hochberg 2017).
Understanding the determinants which influence disease outcomes is necessary for effective

public health management.

While the majority of communicable diseases are typically mild, requiring little to no medical
attention, diseases with high infectivity and virulence are considered major concerns to public

health and wellbeing (Abat et al. 2016). The burden of communicable disease within a
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population can fluctuate over time or between jurisdictions, requiring ongoing surveillance and
public health management to reduce the overall burden of disease (Abat et al. 2016; Doherty

2000).

1.1.2 Burden of communicable diseases
While there has been a significant reduction in the overall burden of communicable diseases
over the past century, they continue to have substantial societal, financial, and personal
impacts (Constenla, Carvalho & Alvis Guzman 2015; Ozawa et al. 2016; Whitesell, Yaskin &
Chaudhari 2009). In 2019, the World Health Organization (WHO) reported that almost a fifth
(18%) of the global burden of mortality was attributable to communicable diseases (World
Health Organization 2021). The majority of this burden rests on low-income countries, where
communicable disease is responsible for 46.4% of overall mortality (World Health Organization
2021). Less than two years after the beginning of the Coronavirus disease (COVID-19)
pandemic, it is already one of the leading causes of death worldwide (World Health
Organization 2021). At an individual level, many communicable diseases can have significant
impacts on a person’s ongoing quality of life (Bynum 2012; Olbrich et al. 2018; Rota et al.

2016).

Efforts to prevent and manage communicable diseases are a major priority for public health
agencies or departments around the world. The majority of reductions in the incidence and
burden of communicable diseases can be attributed to massive improvements in sanitation,
prevention, and treatment strategies (Barrett et al. 1998; Murray & Lopez 2013; Goodman,
Buehler & Mott 2019). An improved understanding of the causes of communicable disease
and their mechanisms for transmission has also contributed to this reduction (Murray & Lopez
2013). Formerly common causes of death or permanent disability such as tuberculosis,
chickenpox, polio or measles are now wholly preventable through community-wide vaccination
programs (Bynum 2012; Honigsbaum 2020). While significant progress has been made in

reducing the impacts of disease (World Health Organization 2021), communicable diseases
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still require constant surveillance and management to mitigate the ongoing risk presented by

a changing landscape of disease (Abat et al. 2016).

1.1.3 Prevention and management
The primary aim of communicable disease management is to prevent the spread or reduce the
burden of diseases within a population. Since the pathogens that can cause communicable
diseases are so varied, and have differing modes of transmission, the public health response
is specific to the disease and infectious agent in question (Noah 2006). Prior to the
implementation of any specific management strategies, public health agencies need to be able
to identify instances of disease as they occur (Abat et al. 2016). Communicable disease
surveillance typically focusses on diseases identified as having a high risk of transmission,
severe illness, or mortality (Balabanova et al. 2011; Doherty 2000) and is a key component of

any public health system.

Surveillance systems can identify single instances of disease, otherwise known as a ‘case’, or
detect changes in the overall burden of disease. Because of the nature of communicable
diseases, there is an ever-present risk of spread within a population, resulting in multiple cases
of the same disease linked by time, person, or place, otherwise known as an ‘outbreak’
(Centers for Disease Control and Prevention 2017). Communicable disease outbreaks consist
of multiple linked cases of disease beyond what is expected for a given population, time or
geographic area (Ward 2020). Large outbreaks occurring across a wide geographic area or
affecting a significant proportion of the population can be classified as ‘epidemics’ (Ward

2020).

Communicable disease management strategies can limit the spread of disease through a
range of interventions, depending on the disease in question. Vaccine-preventable diseases
can be prevented by reducing the number of susceptible people within a population through
vaccination programs (van Seventer & Hochberg 2017). For diseases without available
vaccines, various public health interventions that limit disease transmissibility can be employed

(Noah 2006; van Seventer & Hochberg 2017). Interventions that reduce transmission can
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range from whole-population approaches which reduce the likelihood or duration of exposures
(e.g. mask wearing or social distancing) to targeted approaches (e.g. isolation of suspected or
confirmed cases) (Hadler et al. 2019; Noah 2006). All public health management of
communicable disease requires accurate, up-to-date information on both the infectious agent
and the individuals or population affected in order to provide the most effective intervention

(Hadler et al. 2019).

Occasionally, initial public health interventions are not successful at preventing further cases
from occurring, signalling the beginning of an outbreak (Hamilton 2020). Cases of disease
within an outbreak are linked, through a combination of shared exposure or social interactions.
Public health responses to outbreaks focus on identifying the links between cases or groups
of cases to define the exposure and the population most at risk of transmission (Hamilton 2020;
Noah 2006). Interventions are then targeted towards the population at risk, in an effort to halt
or slow outbreak progression (Hamilton 2020). Management for outbreaks of communicable
diseases is much more resource-intensive than for individual cases (Constenla, Carvalho &
Alvis Guzman 2015; Ozawa et al. 2016). Outbreak responses can also incur additional costs
by disrupting other public health activities through the rapid redistribution of personnel and
resources required to address an active outbreak (Goodman, Buehler & Mott 2019). Since
outbreak management is so costly, good quality reporting on the underlying cause of the
outbreak, along with the effectiveness of any management strategies applied, is necessary to

inform future outbreak responses (Hadler et al. 2019)

Public health management of communicable disease is supported by disease-specific
‘guideline’ documents, which provide information and recommendations for prevention and
management (Centers for Disease Control and Prevention 2020). These guidelines are
informed by current evidence around a given pathogen, including its mode of transmission,
treatment options, prevention measures and prior reporting on public health management of
the pathogen (Hanquet et al. 2015). Comprehensive surveillance and reporting is necessary

to provide the evidence which informs public health recommendations. The process of
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guideline development is complex (Rehfuess et al. 2019), necessitating a range of expertise
and highly experienced personnel to produce (Noyes et al. 2019). Middle-income and low-
income countries have some of the highest burdens of communicable disease (World Health
Organisation 2021), and as a result are least likely to be able to redirect staff with necessary

expertise to guideline development (Goodman, Buehler & Mott 2019).

They are designed to support a consistent and effective public health response in managing
cases and outbreaks of communicable disease (Centers for Disease Control and Prevention
2020). However, since guidelines are reliant on existing evidence, they can be limited in their
effectiveness if the evidence is scarce (Norris 2018) or are developed in the face of rapidly

changing circumstances (Schinemann et al. 2007).

Of major public health concern are diseases which change in aetiology and epidemiology over
time or have currently undescribed mechanisms of transmission (Jackson et al. 1995; Morens
& Fauci 2013; Yezli 2018). These pose a major challenge to public health departments as it
can be difficult to identify and describe the risks of transmission between individuals in order
to identify the most effective methods of prevention or control. One such example is Invasive
Meningococcal Disease (IMD), which is a rare but severe outcome of infection with Neisseria

meningitidis (N. meningitidis) bacteria.

1.1.4 Invasive Meningococcal Disease
IMD is a life-threatening condition with an especially fulminant course. The most common
clinical presentations are meningitis, septicaemia, or both (Pace & Pollard 2012). Case fatality
rates range between 5-15%, and even with swift identification and antibiotic treatment,
survivors often suffer from serious long-term sequelae (Olbrich et al. 2018; Pace & Pollard
2012). The most common age groups affected are infants (<1 year), adolescents, and young
adults (Martinon-Torres 2016). While relatively uncommon in most high-income countries (age
standardized incidence of 0 to <20 cases per 100,000 in 2016), IMD is endemic in low-income
countries, which can have annual incidence rates ranging from 80 to over 200 cases per

100,000 population (Acevedo et al. 2019; Zunt et al. 2018). Due to the high case fatality rate,
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IMD represents a disproportionate burden of death associated with communicable disease

despite the relatively low incidence (Martinon-Torres 2016).

N. meningitidis bacteria inhabit the mucosal lining of the human oropharynx, typically without
resulting in symptoms of IMD. The bacteria can be carried and transmitted asymptomatically
through close, sustained contact between individuals, referred to as ‘carriage’ (Caugant &
Maiden 2009). It is possible to have ongoing circulation of one or more strains of N. meningitidis
within a population without necessarily observing any cases of IMD (Caugant, Tzanakaki &
Kriz 2007). Currently, the mechanisms behind the transition from asymptomatic carriage to
disease-state are largely unknown (Caugant & Maiden 2009; Martinon-Torres 2016). Current
estimates of asymptomatic carriage range between 5-10% of the general population (Marshall,
McMillan, et al. 2020; Peterson et al. 2018). Factors known to increase the risk of carriage are
an increase in the size and density of social networks, smoking, being aged between 20-24
years, and inhabiting shared living environments (Caugant & Maiden 2009; Marshall, McMillan,
et al. 2020; Peterson et al. 2018). Studies on the prevalence of asymptomatic carriage in high-
income countries have observed the highest rates (>15%) in shared living accommodation
such as military barracks or dormitory accommodation (Peterson et al. 2018; Soeters et al.

2015).

There are 12 identified serogroups of N. meningitidis, with six (A, B, C, W, X, Y) responsible
for the majority of disease worldwide (Batista et al. 2017). Vaccine coverage is possible for all
common disease-causing serogroups. However, this is achieved through a combination of
vaccines, as there is no single universal vaccine to prevent IMD (Dretler, Rouphael & Stephens
2018). Not all vaccines prevent carriage (Kristiansen et al. 2014; Marshall, McMillan, et al.

2020), and can have variable durations of protection (Ohm et al. 2020).

The population predominant serogroup has been observed to vary by geographic regions
(Acevedo et al. 2019). Meningococcal serogroup B (MenB) is the most prevalent serogroup
in North America, South America, Europe, Australia, and North Africa, whereas meningococcal

serogroup C (MenC) is the most prevalent serogroup in Brazil, China, Russia, India, and
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Nigeria (Zunt et al. 2018). Shifts in the predominant serogroup within regions have also been
observed over time (Mustapha & Harrison 2018). Following widespread Meningococcal
serogroup A (MenA) vaccination campaigns in 2010 within Sub-Saharan Africa, the
predominant disease-causing serogroup has shifted from MenA to serogroups C, X, and W
(Kristiansen et al. 2014; Pizza, Bekkat-Berkani & Rappuoli 2020, Mustapha & Harrison 2018).
Similar shifts in seroprevalence were observed following large-scale vaccination programmes
in other parts of the world (Kaczmarski 2002; Salleras et al. 2001). As previously discussed in
Section 1.1.3, changes in the epidemiology of communicable disease over time pose a

challenge to the development of public health guidance for prevention and control.

1.1.5 Public health management of IMD
Robust disease surveillance and notification systems are required to detect and respond to
IMD cases as they occur. Due to the risk of asymptomatic carriage, public health management
of IMD is focussed on the prompt recognition of cases and anyone they may have come into
contact with, henceforth described as their ‘contacts’, to coordinate an effective response
(European Centre for Disease Prevention and Control 2010). Staff in public health departments
are tasked with rapid investigation of IMD cases and their contacts so as to identify and
interrupt the chain of transmission (Public Health Agency of Canada 2006). Contacts are
assessed based on the risk of N. meningitidis transmission, which can be affected by the type,
duration, and timing of contact with the case and other individuals (Fischbacher, Lally & Black
2001; Public Health England 2018). Contacts from settings with low risk of transmission, such
as sharing an open office space or university lecture hall, are typically referred to as ‘casual’
or ‘low risk’ contacts and are offered information regarding IMD symptoms and contact
information for local health authorities (New Zealand Ministry of Health 2018). ‘Close’ contacts
are individuals whose contact occurred within settings at a higher risk of N. meningitidis
transmission, such as those sharing a household or sleeping space with the case. Close
contacts are typically offered clearance antibiotics to eliminate carriage and vaccination to

prevent disease (Communicable Diseases Network Australia 2017).
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Public health management of IMD primarily focuses on reducing host susceptibility through
vaccination and timing of infectivity through clearance antibiotics. Asymptomatic carriage and
transmission of N. meningitidis poses a significant challenge to disease management (van
Seventer & Hochberg 2017). Transmission models for IMD are not clearly defined (Caro et al.
2007), however evidence suggests that case contacts are typically the source of the infection
to the case, and may be at risk of either developing symptoms of IMD or futher transmitting the
bacteria (Asamoah et al. 2018). Clearance antibiotics eliminate carriage of N. meningitidis,
removing a potential source of exposure within a population. The purpose of vaccination in
close contacts is to reduce the susceptibility of the host to disease development (Krause et al.

2002).

Further cases of IMD occurring within the same population can signal the beginning of an
outbreak (Centers for Disease Control and Prevention 2017). Similar to the general outbreak
definition given in Section 1.1.3, IMD outbreaks are defined as more cases than would be
expected for a given setting at that time (Centers for Disease Control and Prevention 2017),
and thus vary depending on location. Outbreaks can be small or large in scale, ranging from
two or three cases to several thousand (Stuart 2001). In jurisdictions with a low incidence of
IMD, outbreaks can consist of at minimum two or more cases of IMD, caused by the same
serogroup, linked by time, social interactions or geographic location (Communicable Diseases
Network Australia 2017; Public Health England 2018). These outbreaks are typically described
as small-scale, consisting of less than a dozen cases in total (Stuart 2001). Jurisdictions with
a high annual incidence of IMD are more likely to experience large-scale outbreaks with
thousands or tens of thousands of cases. Instead of minimum case numbers, these
jurisdictions rely on minimum thresholds of cases per 100,000 population to identify
populations at risk of, or in the midst of, an outbreak of IMD (World Health Organization 2014).
The most commonly used thresholds for IMD outbreaks are those recommended by the WHO,
who define an alert threshold (indication to intensify epidemic preparedness) as 3-9 cases per
100,000 per week and an epidemic threshold (indication to initiate epidemic treatment and
vaccination) as >10 cases per 100,000 per week (World Health Organization 2014).
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A summary of the public health management process for IMD cases and small-scale outbreaks
is presented in Figure 1.1. Public health management of multiple cases or potential outbreaks
of IMD is a much more resource-intensive and costly endeavour than isolated cases (La et al.
2019; Letouze, Yao & Clarke 2014). Whenever a new case of IMD occurs that shares a
serogroup with prior cases within the same community or organisational setting (e.g. school or
workplace), it is assessed for any possible geographical or temporal associations with those
prior cases (Stuart et al. 1997). Because of the potential for long-term asymptomatic carriage,
cases can be considered temporally associated if they occur within a 4-week interval for
organisations (e.g. attendance at the same high school), or within a 3-month interval for
broader communities (e.g. a suburb or residential district) (Centers for Disease Control and
Prevention 2017; European Centre for Disease Prevention and Control 2010; Public Health
England 2018). If an association is present, the cases are considered ‘linked’ and broader
social patterns are assessed to identify the potential source or cause of the outbreak, and
identify subgroups within the population that may be at an increased risk of IMD transmission
(Centers for Disease Control and Prevention 2017; Fischbacher, Lally & Black 2001). Large-
scale outbreaks follow a similar process but focus on groupings of cases instead of singular
occurrences. Groups of cases are then assessed for commonalities in geographical area or
timeframe to identify possible associations. indicating the beginning of an outbreak (Carod

Artal 2015).
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Notification of an IMD case
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of transmission)
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increased risk of

transmission

S . Reccomend Provide chemoprophylaxis
Provide information and . L .
advice chemoprophylaxis and/or and/or vaccination to risk
vaccination group

Figure 1.1: Public health management process for IMD cases and their contacts, adapted from
Fischbacher, Lally and Black (2001, p. 269)

To aid public health staff in responding to IMD cases and their contacts, guidelines for public
health management of IMD have been developed by national or international public health
agencies for use within their jurisdictions. As described in Section 1.1.3, guideline documents
can include clinical advice, antibiotic recommendations, examples of information for IMD
contacts, and processes for contact tracing and outbreak identification (Centers for Disease
Control and Prevention 2017; Communicable Diseases Network Australia 2017; European
Centre for Disease Prevention and Control 2010; MacNeil & Cohn 2011; New Zealand Ministry

of Health 2018; Public Health Agency of Canada 2006; Public Health England 2018).

As already noted in Section 1.1.3, the effectiveness of public health guidelines for
communicable disease management is limited by the reliability of the evidence available.
Discussed in Section 1.1.4 are the current gaps in knowledge around the transition between

asymptomatic carriage and disease-state, alongside geographic and temporal variations in
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serogroup prevalence and vaccine coverage. As a result, there is currently no clear
international consensus on the definition, classification and management of close contacts to
IMD cases (Burmaz, Guicciardi, et al. 2019). There also exists a similar lack of clarity around
the categorisation of outbreaks (Burmaz, Selle, et al. 2019) and the most effective response
by environment, setting, or population affected (Burmaz, Selle, et al. 2019). Inconsistencies in
guidance may have an impact on the public health response, as staff are uncertain of how to
judge conflicting evidence in a real-world situation (Burmaz, Selle, et al. 2019; Hoek et al.

2008).

A better understanding of the evidence base and decision-making processes around public
health guidelines, along with their dissemination and implementation, would allow for more
unified and effective management practices. Additionally, an assessment of public health
management of outbreaks over time would provide insight into the effectiveness of different
strategies and can provide a sound evidence base for future public health recommendations

and iterations of guideline development.

1.2 Research Aims

The aims of this research project are to:

1. Assess national and international guidelines for the public health management of IMD,
with a focus on their recommendations for identification and management of close
contacts; and

2. Gain insight into changes across time in the public health management of IMD
outbreaks by identifying and describing similarities and differences in responses by

outbreak characteristics and setting.

1.3 Thesis Overview

This thesis consists of four chapters. The remainder of the thesis is organised as follows:

Chapter Two (Manuscript 1) provides a critical appraisal of current national and international

English-language guidance for public health management of IMD. This manuscript was
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published in the Journal of Infection and Public Health (see Appendix A). Chapter Two also
includes a postscript, providing a brief recount of impacts due to the COVID-19 pandemic on
research progress. This section includes an outline of aspects of the research project that
were originally initiated across 2019, and the rationale behind the eventual shift in research

focus.

Chapter Three (Manuscript 2) presents a systematic review of IMD outbreak management from
the first relevant publication in 1973 onwards, focussing on the evolution of outbreak
management strategies over time. The corresponding manuscript has been submitted for

publication in the Journal of Infectious Diseases.

Chapter Four considers the results as a whole and summarises the research findings across
both manuscripts. This chapter also discusses the strengths, limitations and overall
implications of the research, before concluding with suggestions for future avenues of

research.
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Chapter 2 — An appraisal of guidance for the public health
management of IMD

This chapter addresses the first aim of this research project, namely to “Assess national and
international guidelines for the public health management of IMD, with a focus on their

recommendations for identification and management of close contacts”.

As identified previously in Sections 1.1.3 and 1.1.5, national and international health
departments produce evidence-based guidelines for the public health management of IMD
cases and their contacts. These guidelines are intended for use by staff within public health
departments when responding to cases of IMD. It is currently unknown how the

recommendations included in these guidelines compare globally across jurisdictions.

To address this gap in knowledge, a critical appraisal of English-language guidelines for public
health management of IMD from countries with similar incidences of IMD is presented
alongside a direct comparison of language used to describe and define close contacts to IMD
cases. Processes and outcomes from this research can be used to inform a more collaborative
process for guideline development and review. Research findings may also be used to
highlight gaps in the literature around IMD transmission and risk of symptom development that

require further study.

This chapter includes the manuscript titled “Lessons for and from the COVID-19 pandemic
response — An appraisal of guidance for the public health management of Invasive
Meningococcal Disease” (Morello et al. 2021), as published in the Journal of Infection and
Public Health (see appendix A). Following the manuscript is a brief postscript (Section 2.4),

outlining the impacts of the COVID-19 pandemic on the original proposed plan of research.
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2.2 Manuscript
2.2.1 Abstract

Background: COVID-19 has focussed public attention on the management of communicable
disease like never before. Surveillance, contact tracing, and case management are recognised
as key components of outbreak prevention. Development of guidance for COVID-19 has drawn
from existing management of other communicable diseases, including Invasive Meningococcal
Disease (IMD). IMD is a rare but severe outcome of Neisseria meningitidis infection that can
be prevented through vaccination. Cases still occur sporadically, requiring ongoing
surveillance and consistent management. To this end, national and international public health
agencies have developed and published guidance for identification and management of IMD

cases.

Aim: To assess national and international guidelines for the public health management of IMD,
with a focus on the recommendations for identification and management of ‘close contacts’ to

IMD cases.

Methods: Guidelines from six national and international public health agencies were assessed
using a modified version of the Appraisal of Guidelines, Research and Evaluation (AGREE 1)
Instrument in four key domains: stakeholder involvement, developmental rigour, clarity, and
applicability. A direct comparison of terminology and recommendations for identification and

management of close contacts to IMD cases was also conducted.

Results: Guidelines from Europe and the United Kingdom rated most highly using the AGREE
Il Instrument, both presenting a clear, critical assessment of the strength of the available
evidence, and the risks, costs, and benefits behind recommendations for management of close
contacts. Direct comparison of guidelines identified inconsistencies in the language defining

close contacts to IMD cases.

Conclusion: Discrepancies between guidelines could be due to limited evidence concerning

mechanisms behind disease transmission, along with the lack of a consistent process for
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development and review of guideline recommendations. COVID-19 management has
demonstrated that international collaboration for development of public health guidance is

possible, a practice that should be extended to management of other communicable diseases

2.2.2 Introduction
The Coronavirus Disease 2019 (COVID-19) pandemic has brought communicable disease
management into the spotlight. Societal discussion around the role of public health agencies
in the prevention and control of infectious disease outbreaks has never been more important.
One major point of focus is the role of disease surveillance within outbreak suppression
strategies. Countries that acted swiftly and decisively when setting guidance for the
identification and management of COVID-19 cases and close contacts often saw greater
success in supressing outbreaks and avoiding heavy case burdens. Notable examples include

Australia, Taiwan, and New Zealand (Miller 2020).

The rapid development of guidelines for the management of COVID-19 in different jurisdictions
across the world has, necessarily, drawn from guidelines for the management of other
infectious diseases (Communicable Diseases Network Australia 2021). Differences in the
public health management for other infectious diseases may help to partially explain some of

the marked differences in approaches between countries.

The COVID-19 pandemic and ensuing public health measures including physical distancing,
lockdowns, and contact tracing, has led to palpable reductions in the incidence of other
communicable diseases (Middeldorp et al. 2021; Taha & Deghmane 2020). It is thus timely to
compare guidelines for the management of other communicable diseases across a range of
jurisdictions to inform the evolution of guidelines for the management of COVID-19 alongside

a more unified update of guidance for other communicable diseases.

A French study investigating the effect of COVID-19 lockdowns on communicable disease
identified a decrease in highly transmissible and hyperinvasive strains of Invasive
Meningococcal Disease (IMD) over the same time period lockdowns were in place (Taha &
Deghmane 2020). IMD is a severe disease caused by Neisseria meningitidis (N. meningitidis),
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a bacteria found in the human nasopharyngeal mucosa, the cells lining the back of the nose
and throat (Carbonnelle, Nassif & Boudoulous 2010). The disease has a rapid onset and cases
require prompt antibiotic treatment to prevent mortality (Batista et al. 2017; Ladhani et al.
2021). Survivors of IMD often suffer from serious long-term sequalae, including — but not
limited to — loss of limbs, neurological damage, hearing loss and physical or psychological
scarring (Pace & Pollard 2012). Infants (<1 year old) are the most commonly affected age
group, with a small increase in incidence for teenagers and the elderly (Borrow et al. 2017).
While IMD is relatively rare in developed countries (age standardised incidence of 0.5-20
cases per 100,000 in 2016 (Zunt et al. 2018), N. meningitidis can be carried and transmitted
asymptomatically throughout the general population, with carriage rates ranging between 10—
20%. The mechanisms for transmission are not well understood (Kim et al. 2017), but it is
known that close, sustained contact between people creates optimal conditions for spread of

N. meningitidis.

IMD is preventable through vaccination, with vaccines available to cover five of the six most
common disease-causing strains (A, B, C, X, Y, and W) (Batista et al. 2017; Jafri et al. 2013;
Ladhani et al. 2021; Marshall, Lally, et al. 2020; Taha & Deghmane 2020). Carriage of N.
meningitidis can be prevented through the use of clearance antibiotics (chemoprophylaxis), for
contacts of cases — that is, those people who have had close and sustained interactions with

cases.

As is the case with COVID-19, ongoing public health management of IMD is required to prevent
the development of community outbreaks. This is achieved through two main mechanisms:
vaccination of the general population to reduce overall incidence; and disease surveillance

and contact tracing to prevent the spread of IMD from carriers.

When IMD cases are identified, staff in public health units are responsible for identifying and
classifying all possible contacts to the case. These contacts are then classified by the likelihood
of N. meningitidis transmission. ‘Close contacts’ have the highest risk of transmission and are

managed with chemoprophylaxis to eliminate carriage of a possible disease-causing strain of
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bacteria. Depending on the disease-causing strain and availability of vaccination, close
contacts may also be offered a strain-specific vaccine to reduce the risk of developing

symptoms (European Centre for Disease Prevention and Control 2010).

For staff with responsibility for contact identification and classification, guidance around IMD
management comes in the form of guideline documents, usually written by national public
health agencies, such as the United States Centers for Disease Control (CDC) and Prevention,
or the New Zealand Ministry of Health. Within Australia, these guidelines have been developed
by the Communicable Diseases Network Australia (CDNA), an advisory group for the
Australian Government that provides unified national guidance for the management of
communicable diseases (Communicable Diseases Network Australia 2017, 2021). These
guidelines outline the recommended public health response — how to identify, classify and
manage contacts, what antibiotics and vaccinations to provide, and guidance on how to
communicate with contacts — which is then implemented by public health staff when

responding to IMD cases.

While many countries have guidelines written for the public health management of IMD, there
has been no comparison or analysis of this guidance on an international level. There is limited
evidence around the actual risk of transmission between cases and contacts, especially close

contacts, as IMD is uncommon and epidemiology varies globally (Parikh et al. 2020).

An assessment of national and international guidelines for the public health management of
IMD, accompanied by a summary of the literature around guideline development and use, will
provide a better understanding of guideline implementation in public health settings, and may
help to inform the evolution of guidelines for the ongoing prevention of communicable
diseases, such as COVID-19. The primary purpose of this review is to assess national and
international guidelines for the public health management of IMD, and, more specifically,
identification and management of close contacts. A secondary purpose is to characterise and
evaluate similarities and differences between guideline recommendations for the identification

and management of close contacts.
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2.2.3 Methods
Guidance for the public health management of IMD cases and contacts were sourced from
countries with similar incidence of IMD to Australia (Zunt et al. 2018). Each national public
health agency (or equivalent authority) was identified by searching the country name and
“department of health” using Google. Agencies websites were then searched using the terms
“meningococcal” OR “meningitis” AND “guidelines” OR “publication” to identify any publicly
available resources for staff about the management of IMD cases and contacts. Any English-
language guidelines identified that included recommendations for IMD case and contact
management were eligible for inclusion in this review. This search was not date limited,
however only the most recent published version of each agency’s public health guidelines for
the management of IMD cases and contacts was assessed. One international body, the
European Centre for Disease Prevention and Control (ECDC), was also included as they
provide overarching public health guidance to non-English-speaking European Union (EU)
countries, that otherwise would not be included in this review. All screening was conducted by
a single author. Any queries were discussed by the team of researchers, and disagreement

resolved by consensus.

Guidelines were assessed using a modified version of the Appraisal of Guidelines, Research
and Evaluation (AGREE II) Instrument. The AGREE Il Instrument is a pre-verified tool,
designed to ‘assess the quality of practice guidelines across the spectrum of health, provide
direction on guideline development, and guide what specific information ought to be reported
in guidelines’ (Brouwers et al. 2010). The original AGREE Il consists of 23 items, organised
into six quality-related domains: scope and purpose, stakeholder involvement, rigour of
development, clarity of presentation, applicability, and editorial independence. Each item
consists of a concept, for example, ‘the recommendations are specific and unambiguous’
(AGREE Next Steps Consortium 2009), which the assessor then rates on a scale of 1-7. A
score of 7 indicates the concept is fully explained and articulated, and a score of 1 indicates a
total absence of information. Item scores can then be grouped by domain, indicating areas
where guidelines may lack clarity or purpose.
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The AGREE Il instrument was chosen for the present review because of its focus on assessing
the methodological rigour behind the development and reporting of guidelines, rather than the
validity of the recommendations themselves. It has been used in its original form to assess
national and international guidelines in many specialty fields of health, such as maternal
(Bazzano et al. 2016; Polus et al. 2012), cardiac (Sabharwal et al. 2013), and respiratory health
(Linnemann et al. 2018). As all the guidelines being assessed were written for the same
purpose (public health management of IMD) and produced by public health staff or specific
government-funded working groups, the ‘scope and purpose’ and ‘editorial independence’
domains in the original instrument were omitted. This left four domains, and twelve items in the
modified AGREE Il instrument. The scoring system was retained, such that each item was
given a score between 1 and 7, with the item scores summed according to domain. The
number of items differs across the four domains, with ‘stakeholder involvement’ and
‘applicability’ each having two items (maximum possible score = 14), ‘clarity of presentation’
three items (maximum possible score = 21), and ‘rigour of development’ five items (maximum
possible score = 35). Item scores were summed and presented by domain, alongside an

overall score out of the maximum possible total of 84 for each set of guidelines.

In addition to the AGREE Il scoring, a direct comparison of language used and
recommendations for identification and management of close contacts between guidelines was
conducted. This comparison included each guideline’s definition of a close contact, antibiotic

recommendations, and vaccination recommendations for close contacts.

2.2.4 Results
Public health guidelines from Australian (Communicable Diseases Network Australia 2017),
Canadian (Public Health Agency of Canada 2006), European (European Centre for Disease
Prevention and Control 2010), New Zealand (New Zealand Ministry of Health 2018), United
States (US) (MacNeil & Cohn 2011), and United Kingdom (UK) (Public Health England 2018)
health agencies were included (n = 6). The results from application of the modified AGREE I

instrument to these six guidelines are shown in Table 2.1. All guidelines scored highly (i.e.
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>75% of maximum possible domain score) in the ‘clarity of presentation’ domain. Four
guidelines scored highly in ‘rigour of development’ (Canada, Europe, Australia, UK), and three

scored highly in ‘applicability’ and ‘stakeholder involvement’ (Canada, Europe, UK).

Table 2.1: Modified AGREE Il Instrument scores by domain and overall, for national and
international guidelines (displayed in ascending order of year of publication)

Domain Scores Total
Stakeholder Rigour of Clarity of ~ Applicability Score
involvement Development Presentation (out of 14) (out

Jurisdiction  Year (outof 14) (out of 35) (out of 21) of 84)
Canada 2006 13 31 19 11 74
Europe
(ECDC) 2010 14 35 21 12 82

Australia 2017 8 28 19 10 65

United States

(US) 2017 5 25 21 9 60

New Zealand 2018 7 20 20 10 57

United 2018 11 34 21 13 79

Kingdom (UK)

Overall, four guidelines — Canada, Europe, Australia, and the UK — scored above 63/84 (75%).
The European guidelines scored highest overall when using the modified AGREE |l criteria
(82/84), followed by the United Kingdom (79/84). Both sets of guidelines clearly showed the
strength of the evidence behind each recommendation, included key information summaries
within each section, and addressed possible barriers and facilitators to guideline
implementation. The Canadian and Australian guidelines were both clearly written with key
information summaries readily available throughout the documents. However, the discussion
around the strength of the evidence was more limited in each of these guidelines, and the
Australian guidelines showed much less evidence of stakeholder involvement. While clearly
written, the US guidelines scored 60/84, reflecting that there was little discussion in these
guidelines around stakeholder involvement and applicability. The New Zealand guidelines
scored lowest (57/84), with little in-depth discussion around any of the concepts that underpin
the items in each domain. Notably, there was no apparent trend in scores related to their date

of publication.
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All guidelines emphasised the importance of prompt identification and management of close
contacts to minimize the risk of additional cases of IMD. There was consistency across all
guidelines regarding the exposure period — 7 days before onset of symptoms in the case to
24h on effective antibiotic treatment — and on household contacts qualifying as ‘close’ contacts,

shown in Table 2.2.
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Table 2.2: Summary of terminology, definition of ‘close contact’ and recommendations for management in national and international public health

guidelines

Jurisdiction Year

Terminology

Close contact definition

Antibiotic
recommendations

Vaccination recommendations

Canada 2006 Close Household Rifampicin, Ceftriaxone, Yes, if the contact is unimmunised and
contacts Co-sleepers Ciprofloxacin there is a vaccine available for that strain.
Direct contamination of nose/mouth (e.g.
shared cigarettes/drinks, kissing)
Healthcare workers?!
Children and staff in childcare/nursery
settings
Co-passengers?
Europe 2010 Close Household Rifampicin, Ceftriaxone, Yes, if the contact is unimmunised and
(ECDC) contacts Pre-school (dependent on risk assessment) Ciprofloxacin, Cefixime, there is a vaccine available for that strain.
Azithromycin
Australia 2017 Higher risk Household/household like Rifampicin, Ceftriaxone, A, C, W, Y conjugate vaccines if contact is
contacts Intimate kissing/sexual Ciprofloxacin unimmunised, 4CMenB (Bexsero®)
Child-care vaccine only if there is a second case of
Co-passengers serogroup B in the same household.
Healthcare workers
United 2017 Close Household Rifampicin, Ceftriaxone, Not discussed.
States (US) contacts Childcare centre contacts Ciprofloxacin, Azithromycin

“Anyone directly exposed to oral
secretions” (kissing, mouth-to-mouth
resuscitation, intubation/tube management)

(if there is no resistance to
fluoroquinolone)

! Directly exposed to nasal secretions (e.g. mouth-to-mouth or intubation of a known IMD case)
2 Seated directly adjacent to a known IMD case, for travel lasting longer than 8 hours on an airplane, boat, bus, train or other enclosed transport.
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Table 2.2 (cont): Summary of terminology, definition of ‘close contact’ and recommendations for management in national and international public health
guidelines

Jurisdiction Year Terminology Close contact definition Antibiotic Vaccination recommendations
recommendations
New Zealand 2018 Contacts Household Rifampicin, Ceftriaxone, MenACWY conjugate vaccine if contact is
Bed/room sharing overnight Ciprofloxacin unimmunised, Bexsero® (MenB) if there is
Co-passengers a multi-occupancy outbreak

Healthcare workers
“Other contacts as determined on a case-
by-case basis by the medical officer”

United 2018 Close Household/household like Rifampicin, Ceftriaxone, MenACWY if contact cannot confirm
Kingdom contacts Ciprofloxacin, Azithromycin  immunisation in the preceding 12 months,
(UK) (for pregnant women) MenB only if contact is at increased risk of

meningococcal infection
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Canada had the oldest published guidelines (2006) and the broadest definitions for close
contacts, including sharing drinks and cigarettes as an indication of close contact. As seen in
Table 2.2, three out of the six guidelines included co-passengers (seated directly adjacent to
an IMD case on travel lasting longer than 8 h) to cases as close contacts. All of these guidelines
specified an 8 -h minimum time and included any form of enclosed transport (Communicable
Diseases Network Australia 2017; New Zealand Ministry of Health 2018; Public Health Agency
of Canada 2006). Only Australia defined a minimum time of contact for childcare settings (two
full days or 20 cumulative hours in the same care group, based on a 1981 study on secondary
case rates after IMD outbreaks in Belgian children (Communicable Diseases Network Australia
2017; De Wals et al. 1981). Other guidelines left it to the discretion of the public health officer
(European Centre for Disease Prevention and Control 2010) whether to include childcare
contacts as close contacts or did not include childcare contacts at all (New Zealand Ministry of

Health 2018; Public Health England 2018).

With the exception of the US guidelines, vaccination was recommended for all unimmunised
close contacts, provided the disease-causing strain could be identified. European and
Canadian guidelines recommend vaccination ‘if a case of meningococcal disease is caused
by a strain that is preventable by an available licenced vaccine’ (European Centre for Disease
Prevention and Control 2010). Australian, UK and New Zealand guidelines specify A, C, W, Y
conjugate vaccines, and either do not discuss the use of meningococcal B vaccination

(Australia) or limit use to multiple cases occurring in the same household (UK, New Zealand).

Each of the guidelines considered here recommended Rifampicin, Ceftriaxone, and
Ciprofloxacin for the elimination of carriage (chemoprophylaxis) within close contacts. Two (US
and UK) guidelines also included Azithromycin as an additional option. The European
guidelines included Cefixime in addition to Rifampicin, Ceftriaxone, and Ciprofloxacin.
Dosages, recommended age, duration, and cautions in usage were all identical across the

guidelines.
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2.2.5 Discussion
This study has shown that guidelines with higher scores based on the AGREE Il Instrument
clearly and critically assessed the strength of the available evidence to make
recommendations for identification and management of IMD close contacts. Higher scoring
guidelines also detailed the potential risks, costs and benefits of each recommendation. This
is demonstrated by the European and UK guidelines, both of which clearly identified and
discussed the strength of the evidence behind each recommendation. Other guidelines, such
as those produced by the US and New Zealand, had lower overall scores when they showed
no clear link between the evidence and recommendations given, did not provide explicit
recommendations, relied on limited evidence, or did not provide information on possible

barriers and facilitators to implementation of guideline recommendations.

Public health staff require clear and accurate guidance in order to effectively identify and
reduce the risk of further IMD cases arising from contacts of those cases (Gobin et al. 2020).
Domains within those guidelines with lower scores in the AGREE Il Instrument indicate areas
where public health staff lack consistent and explicit guidance on how to carry out their role
concerning management of close contacts. This could in turn make it more challenging for staff

to properly implement such guidelines when presented with a case of IMD.

One important point to bear in mind is that the primary purpose of the AGREE Il Instrument is
to assess the quality of the underlying methodology and reporting of guidelines, and not the
assessment of the accuracy of any recommendations provided. Therefore, the scores from
evaluation according to the AGREE Il Instrument should also be considered within the context
of the findings from Table 2.2. Guidelines assigned higher scores using the AGREE I
Instrument may not necessarily be providing the most up-to-date or evidence-supported
guidance. While recommendations for antibiotic treatment were largely consistent across the
guidelines assessed in the present review, information about vaccination varied between
countries. This is in part due to the publication date of some guidelines. For example, the

Bexsero® meningococcal B vaccine, mentioned in Australian, UK and New Zealand
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guidelines, was only licenced in the UK in 2013, and has only been included in the national
immunisation programs of seven countries including Australia (Parikh et al. 2020) to date. The
definition of a ‘close contact’ was also quite varied, and ranged from household and household-
like contacts alone (Public Health England 2018) to household, household-like, sexual, child-
care, co-passengers and healthcare contacts (Communicable Diseases Network Australia

2017).

In general, the development of guidance for the public health management of a given
communicable disease rests on a body of evidence describing the aetiology and epidemiology
of that disease. Evidence may be derived from studies investigating many different facets of
the disease, including — but not limited to — causative pathogen(s), symptom progression,
transmission patterns and population prevalence. In the case of IMD, the ability of researchers
to study the life cycle and host interactions of N. meningitidis is limited, largely due to its
adaptation to human airways (Carbonnelle, Nassif & Boudoulous 2010; Johswich & Gray-
Owen 2019). While mouse models can be used to model disease symptoms and infection
mechanisms, they require manual inoculation with the bacterium, and are not well-suited to
studying transmission patterns (Johswich & Gray-Owen 2019). Studies on the prevalence of
asymptomatic carriage have largely focussed on sub-populations already known to have
higher rates of carriage, and often utilize surveys and questionnaires to identify factors that
may affect an individual’s risk of carriage (MacLennan et al. 2006; McMillan et al. 2019;
Peterson et al. 2018). Guideline recommendations are then based on the generalised results
of these population studies, in addition to public health records of previous IMD clusters (Gobin
et al. 2020) and published evidence on the transmission risk of similar bacterial pathogens

(e.g. tuberculosis) (MacNeil & Cohn 2011).

A 2016 study (Vygen et al. 2016) of public health guidance for the management of close
contacts to IMD cases within EU countries discussed the variation between country policies
for identification and management of close contacts. The study is a repeat of a 2007 survey

(Hoek et al. 2008), and indicated that following the publication of the ECDC guidance in 2010,
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EU countries had adopted more evidence-based public health guidance, that were better
aligned with ECDC recommendations. This indicates that while there is a somewhat limited
understanding of the risks affecting transmission of N. meningitidis, it has become more widely
accepted that to be at a higher risk of transmission, a certain degree of close, sustained contact
is required (Caugant & Maiden 2009; Gobin et al. 2020; Parikh et al. 2020; Trotter, Gay &

Edmunds 2006).

While there was no clear link between AGREE Il scores and date of guideline publication,
definitions of close contacts did change over time. For example, Canadian guidelines had the
earliest publication date (2006) and the broadest inclusion criteria for close contacts. More
recent guidelines, such as those from the UK (2018) or the US (2017), have a more restricted
definition of a close contact and had a stronger evidence base to support their

recommendations.

The present review of guidelines was limited to high-income and predominantly English-
speaking countries. While all of the included jurisdictions had a similar incidence of IMD, the
disease is rare in those areas (Zunt et al. 2018). EU countries were also grouped under the
ECDC guidance, as none of the individual member states had publicly available English-
language guidelines. The comparisons published by Vygen et al. (2016) and Hoek et al. (2008)
provided insight on the similarities and differences between EU countries with regards to their
management of IMD case contacts, although a direct assessment of individual EU countries
public health guidelines was not carried out in either of these studies. Another consideration in
interpreting the work presented here is that the AGREE Il Instrument is predominantly
designed for the assessment of clinical guidance. While it provided valuable insight into the
development and reporting of public health guidance around IMD prevention, there are aspects
of the guidelines assessed that the AGREE Il instrument does not cover. These include
healthcare costs, recommendations for review of guidelines, methods for guideline
dissemination to public health staff, recommendations for audit, and assessment of guideline

implementation. There are also considerations for the assessment of clinical guidelines that
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are not relevant to the assessment of public health guidelines. In our study, this limitation was
mitigated by the removal of the ‘Scope and Purpose’ and ‘Editorial Independence’ domains

from the original AGREE Il Instrument.

COVID-19 management has, by necessity, streamlined the process of translating evidence
into public health policy (e.g. mask wearing, hotel quarantine, lockdown strategies)
(Communicable Diseases Network Australia 2021; Miller 2020). While responses to the
COVID-19 pandemic have reduced the spread of IMD and other communicable diseases
(Taha & Deghmane 2020; Tan et al. 2020), they have also impacted vaccination programs
(Gaythorpe et al. 2021; Middeldorp et al. 2021) and may negatively impact outbreak
management strategies. The current delay between increased understanding of disease
transmission and actual implementation into public health guidance can have direct and

immediate consequences for individual and population health.

Mechanisms for guideline development and review should prioritize the identification of areas
where guidelines may lack clarity, be inconsistent, or have weak underlying evidence. This
information can then be used to improve the clarity and consistency of public health
recommendations. Guideline development and revision should also be considered frequently
within a global context, ideally with the introduction of new vaccines or vaccination programs,
as it becomes increasingly evident that inconsistent management of an infectious disease,
either within or between country jurisdictions, can hinder effective disease management.
Although conjugate meningococcal vaccines show evidence of reduction in transmission
(Ladhani et al. 2021), they do not affect overall carriage rates (Marshall, McMillan, et al. 2020).
As new vaccines are developed and implemented in population-wide programs, guidelines for

management of contacts need to be reviewed to ensure they remain contemporaneous.

2.2.6 Conclusions
The present study has shown inconsistencies between higher-income countries for the public
health management of IMD case contacts. Most notably, the definitions used to identify close

contacts differ between countries. Limited availability of evidence surrounding the risk factors
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for transmission and disease development amongst IMD case contacts, in addition to the lack
of a widely accepted process for guideline development and review, may be contributing to

these inconsistencies.

The facilitation of effective and multi-jurisdictional responses to communicable disease
outbreaks rests on global cooperation and unified guidance. A pre-planned stage of
international review within the guideline development process, so as to promote the
consideration of recommendations for disease management put forth by other jurisdictions,
could be adopted to achieve this. This process could be guided and implemented by
internationally recognised bodies such as the World Health Organisation or the ECDC.
Worldwide, responses to the COVID-19 pandemic demonstrate that public health guidance
can be updated rapidly as new information is gleaned, and those changes can be quickly

communicated to relevant staff and the wider public.

Response to the COVID-19 pandemic has resulted in a level of international cooperation that
would have been considered unachievable previously. This singular focus on disease
prevention can — and should — be carried forward into the management of IMD and other
communicable diseases. International collaboration for guideline development and
implementation must continue to be the cornerstone of communicable disease response and

management.

Chapter 2 — An appraisal of guidance for the public health management of IMD | 30



2.3 Supplementary data
A full version of the modified AGREE Il appraisal tool used in Manuscript 1, including minimum

and maximum possible scores by domain and overall, can be viewed in Appendix B.

2.4 Postscript
2.4.1 Knowledge gap — staff implementation of guidelines

The existing guidelines reviewed in this first manuscript (Lessons for and from the COVID-19
pandemic) were designed for use by public health staff when responding to real-world cases
of IMD. Within an Australian setting, while the CDNA guidelines outline an ‘ideal’ or ‘best-
practice’ response, they also encourage staff to exercise their own judgement when managing
IMD cases and their contacts (Communicable Diseases Network Australia 2017). This results
in some expected variation in practice in accordance with individual staff's experience,
knowledge and attitudes. This can be observed in prior audits of public health management of
IMD cases and contacts, which have shown staff do not consistently advise vaccination or
chemoprophylaxis to IMD case contacts in line with official guidelines (Murajda et al. 2015;
Pearson et al. 1995). However, only relatively small-scale audits of public health responses
have been conducted, either at a state (Murajda et al. 2015), regional (Pearson et al. 1995) or
individual outbreak level (Burmaz, Selle, et al. 2019). There currently exists no universal tool
used to assess how public health staff are recognizing and responding to IMD cases in practice

(Kipping et al. 2006; Torner et al. 2011).

2.4.2 Proposed research questions and methodology
There is little knowledge surrounding the practical use of guidelines for public health
management of IMD at an international level. It is also largely unknown how staff in Australian
public health units are receiving information concerning guidelines and their implementation.
To address this gap in knowledge, the following research questions were proposed in mid-

2019, when planning for this research project commenced:

1. How are public health staff within Australia using the national Australian guidelines for
prevention and control of IMD to identify and manage close contacts to IMD cases?
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a. How do the knowledge and attitudes of public health staff affect their
management of close contacts?
b. What, if any, are the barriers and facilitators to accessing and implementing

guideline recommendations in practice?

As the proposed research questions were focussed on the dissemination and use of guidelines
in real-world settings, a pragmatic approach was considered most appropriate (Albright,
Gechter & Kempe 2013). Pragmatist research eschews purely qualitative/quantitative
methodology (Howe 1988), instead taking a question-driven approach to research. Choosing
methods based on their suitability to answer the research question at hand identified a mixed-
methods approach to be most suitable (Onwuegbuzie & Leech 2005; Tashakkori & Teddlie
1998). This involved a sequential design as outlined by Creswell and Creswell (2018),
consisting of two phases of data collection. The initial quantitative data from Phase 1 was
intended to inform the design and implementation of the subsequent qualitative phase.
Qualitative data would then be used to provide depth of understanding to the quantitative

results.

Phase 1 of the proposed research was the delivery of a structured online survey to public
health staff within all Australian state and territory health departments. Survey gquestions were
designed to assess staff knowledge, attitudes, and practices (KAP) regarding implementation
of CDNA guidelines for management of IMD cases and their contacts. Results from the survey
would have provided an overview of participants’ understandings and use of the guidelines,
and informed the development of open-ended interview questions and prompts for use in
Phase 2. Interview patrticipants were to be recruited from the pool of survey respondents, and
invited to identify and discuss current barriers and facilitators towards implementation of the

CDNA guidelines in practice.
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2.4.3 Ethics approvals and COVID-19 interruptions
Ethics approval was sought and granted in January 2020 as an amendment to an existing
application titled ‘Characterization of close contacts of cases diagnosed with Invasive
Meningococcal Disease’ (HREC number: HREC/19/SAH/8, see Appendix C). Ethics approval
for interstate data collection using staff surveys and interviews was sought either under the
National Mutual Acceptance (NMA) Scheme through the SA Health Human Research Ethics
Committee (NSW, QLD, WA, ACT and VIC), or by seeking recognition of prior ethics approval
from state and territory health departments that are not included in the NMA Scheme (TAS,

NT).

In January of 2020, the first COVID-19 cases were recorded within Australia (World Health
Organization 2022). While ethics approval had been granted for staff surveys and interviews,
Site-Specific Approvals (SSAs) were still being sought as a necessary stage of the research
governance approval process. Staff from relevant public health departments at this time were
engaged with providing public health management of the COVID-19 pandemic response, and
were unable to prioritise this research. The realities of the COVID-19 pandemic response
within Australia necessitated the withdrawal of SSA approval for the proposed research into
KAP of public health staff for management of IMD cases and their contacts, and was

indefinitely paused.

2.4.3 Assessing public health management of IMD
Since it was deemed impractical to assess guideline implementation at a staff level, an
alternate method of appraising real-world public health management of IMD was required.
Instead, management strategies for IMD outbreaks were assessed through a review of past
outbreaks and their associated public health response. This review formed the basis for
Manuscript 2 (Chapter 3) and provided insight into the practicalities of public health
management of IMD, without requiring input from public health staff in the midst of a global

pandemic.
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Chapter 3 — Public health management of IMD outbreaks, a
systematic review

This chapter addresses the second aim of this research, namely to “gain insight into changes
across time in the public health management of IMD outbreaks by identifying and describing

similarities and differences in responses by outbreak characteristics and setting”.

Following from the previous chapter, it is currently unclear how the public health guidelines
assessed in the first manuscript are being applied in practice. As addressed in Section 2.4, it
was not possible to assess the implementation of public health guidelines on an individual staff
level due to the impacts of the COVID-19 pandemic. Instead, a global review of public health
responses to IMD outbreaks was conducted. Findings from this review provide insight into the

evolution of practices for outbreak response and management at a more jurisdictional level.

Assessing and describing outbreak responses and lessons learnt by setting provides a
summary of the contexts in which IMD outbreaks are more likely to occur alongside
recommendations for response by setting. This review also highlights key inconsistencies in
outbreak reporting, and discusses the potential implications for future management of IMD and

other communicable diseases.

This chapter consists of the manuscript titled “Public health management of Invasive
Meningococcal Disease Outbreaks, a systematic review” as formatted for publication within
the Journal of Infectious Diseases. Supplementary material for this manuscript is included in
Appendix E — Data extract summary sheets, and Appendix F — Additional references (excluded

from this manuscript due to publication reference limits).
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3.2 Manuscript

3.2.1 Abstract
Background: Outbreaks of infectious diseases are an ongoing public health concern, requiring
extensive resources to prevent and mitigate. Invasive Meningococcal Disease (IMD) is a
severe outcome of infection with Neisseria meningitidis, which can be carried and transmitted
asymptomatically between individuals. IMD is not completely vaccine-preventable, presenting
an ongoing risk of outbreak occurrence. This systematic review provides a retrospective

assessment of public health management strategies for IMD outbreaks.

Methods: A systematic search was performed in PubMed and Embase. Studies reporting on
IMD outbreaks and associated public health response were eligible for inclusion. No
publication year limits were applied. Reporting on key characteristics including outbreak size,
duration, location and description of the public health response were assessed against the
‘Strengthening the Reporting of Observational studies in Epidemiology’ guidelines. A summary
of lessons learned and author recommendations for future IMD outbreaks for each article were

also extracted and discussed.

Results: A total of 39 eligible studies were identified, describing 35 discrete outbreaks in six
regions worldwide. Public health responses to outbreaks were largely reactive, often involving
the whole community, not just those at highest risk of transmission. In more recent publications,
public health responses were more proactive — focussing on long-term preventative measures
such as vaccination. Overall, outbreak reporting was inconsistent, with key characteristics

often missing or incompletely described.

Conclusion: Clear, comprehensive reporting on IMD outbreaks and their associated public
health management is needed to inform both policy and practice for future responses to

outbreaks of IMD and other infectious diseases.
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3.2.2 Introduction
Invasive Meningococcal Disease (IMD) is a severe and often life-threatening condition caused
by infection with Neisseria meningitidis (N. meningitidis). The most common clinical
presentations of IMD are sepsis, meningitis, or both (Pace & Pollard 2012). IMD cases require
prompt recognition and treatment to reduce the risk of complications or death (Pace & Pollard
2012). The bacteria are carried in the human oropharynx and may be transmitted between
individuals. Transmission requires close, sustained contact, or direct exposure to nose and/or
throat secretions. Asymptomatic carriage can last for several months, and factors such as age,
gender, smoker status, size and density of social networks and living space all impact the risk

of carriage (Caugant, Tzanakaki & Kriz 2007; Peterson et al. 2018).

There are 12 identified serogroups of N. meningitidis, with six responsible for the majority of
IMD worldwide (A, B, C, W, X and Y) (Borrow et al. 2017). Vaccines are available to protect
against ABCWY, but there is currently no single vaccine that protects against all disease-
causing serogroups. Because of the swift course of the disease, and ongoing carriage and
transmission between individuals, robust disease surveillance and notification systems are

required to quickly identify and respond to cases of IMD.

If the circulation of a disease-causing variant of N. meningitidis is not successfully prevented,
subsequent linked cases of IMD can indicate the beginning of an outbreak. In jurisdictions with
a relatively low incidence of IMD, an outbreak is typically defined as ‘two or more cases of the
same serogroup within a shared community or organisational setting, occurring less than four
weeks apart’ (Centers for Disease Control and Prevention 2017; Communicable Diseases
Network Australia 2017). Jurisdictions with higher incidence of IMD often have minimum
thresholds of cases per 100,000 population which are used to identify and define outbreaks
(Trotter, Gay & Edmunds 2006). The World Health Organization (WHO) recommends an alert
threshold (indication to intensify epidemic preparedness) as 3-9 cases per 100,000 per week
and an epidemic threshold (indication to initiate epidemic treatment and vaccination) as >10

cases per 100,000 per week (World Health Organization 2014). Outbreaks require a much

Chapter 3 — Public health management of IMD outbreaks, a systematic review | 37



more involved and costly response when compared to a single isolated case (Letouze, Yao &
Clarke 2014). Outbreaks can develop within communities (social networks, town, village, or
region), mass gatherings, or organisational settings (e.g. workplaces, dormitory
accommodation, military barracks, childcare, or schools) (Communicable Diseases Network

Australia 2017).

Public health management of IMD outbreaks is focussed on interrupting the chain of
transmission, preventing further cases from occurring (Communicable Diseases Network
Australia 2017). To accomplish this, public health staff are responsible for identifying the
population most at risk of transmission before interventions can be implemented to prevent
disease. These interventions can include enhanced surveillance to detect additional IMD
cases, vaccination to prevent development of IMD within an at-risk population, or antibiotic
treatment (chemoprophylaxis) to clear N. meningitidis from potential carriers (Stuart 2001).
Outbreak responses are tailored to the population at risk, with characteristics such as
causative serogroup, setting, source of exposure, timing, and availability of public health staff

and resources all impacting the outbreak response.

Outbreak management is also an iterative process, with public health guidance evolving over
time in response to new evidence (Morello et al. 2021; Vygen et al. 2016). Strategies for the
public health management of IMD outbreaks have been developed through experience
responding to the changing epidemiology of the disease. Reporting on the impact of outbreak
characteristics on the public health response is scarce, and it is currently unclear how they

may affect outbreak management.

3.2.3 Aims
The purpose of this research is to describe the public health management of IMD outbreaks
by:

¢ |dentifying and describing similarities and differences between jurisdictions in outbreak

characteristics;
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¢ Identifying and assessing any potential similarities and differences in public health
response by outbreak setting; and

e Summarising the change in response strategies over time.

3.2.4 Methods
This review was registered with PROSPERO (Record ID: CRD42020221472). PubMed and
Embase were searched using terms relating to meningococcal disease, outbreaks, and
outbreak management. A list of search terms is included in Appendix D. This search was not

time limited, and was initially conducted in December of 2020 and updated in September 2021.

English-language studies were considered eligible for inclusion if they reported on outbreak
with at least one clinically or laboratory confirmed case of IMD, specified the region, month,
and year of the outbreak, and included a detailed description of the subsequent public health
response. Studies discussing or investigating sporadic cases of IMD with no epidemiological
link beyond immediate household settings were excluded, along with narrative reviews,
incidence/prevalence studies (in absence of an outbreak), vaccination studies (in absence of

an outbreak), general carriage studies, cost-effectiveness studies and animal studies.

Reference lists of included articles were hand-searched for additional studies eligible for
inclusion. Inclusion and exclusion criteria were agreed to by all authors. All screening,
reference management and data extraction was conducted through Covidence systematic

review software (Veritas Health Innovation n.d.).

In total, 1,309 studies were identified by the search strategy and imported into Covidence. After
removal of duplicates (n=206) the remaining 1,103 studies were screened by title and abstract
for relevance. From those, 186 full-text articles were assessed for eligibility against inclusion
criteria. An additional seven eligible articles were identified from either hand-searching
reference lists of included articles (n=2) or updated database search in September 2021 (n=5).
Outbreaks with more than one study describing outbreak characteristics and response were

grouped together for data extraction (n=8 papers detailing four distinct outbreaks). In summary,
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39 articles were included, detailing 35 distinct outbreaks and their associated response (see
Figure 3.1). All screening was carried out by BM, in consultation with AM, HM and LG. Any

cases where article eligibility was unclear went to a consensus vote with all authors.

Figure 3.1: PRISMA diagram of literature search and screening process
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Data extraction

Included articles were grouped by decade of publication (1970-79, 1980-89, 1990-99, 2000-
2009, and 2010-19). Data extraction was carried out by BM, with one article from each decade
randomly selected and cross-checked by AM (n=5). Data were extracted according to three
main categories: Contextual — information regarding the setting of the outbreak, such as date,
type of study, region and author details; Outbreak details — information on the size and impact
of the outbreak as measured by number of cases, outbreak duration (defined as number of
days between first and last notified case), attack rate (cases per 100,000 population), case
fatality rate (presented as a percentage), IMD complications recorded; and Outbreak
response — information on the public health response strategies, vaccine availability (whether
there was a vaccine at the time of the outbreak that protected against the given serogroup),
mass vaccination or chemoprophylaxis campaigns, lessons learnt and future

recommendations as summarized by authors.

Data analysis

Published attack rates were used whenever possible; when not provided, attack rates were
calculated using the study-reported population size or publicly available official population
estimates (e.g. university enrolment reports, census data) as the denominator. A summary of
which attack rates were calculated is included in Supplement 1 (Appendix E). Exact 95%
confidence intervals (95% CI) for the attack rates were calculated using the Clopper-Pearson

method. All calculations were conducted in Stata version 15 (StataCorp 2017).

Quality appraisal

Included articles were assessed for quality in four domains: introduction, methods, results, and
discussion. Each domain had key criteria or information that were expected, based on the
Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) Statement
(Von Elm et al. 2007). A single qualitative comment was added for each domain where criteria

were absent or missing details. Key criteria included outbreak duration (clear start and finish
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dates), summary of investigation, case summaries (time, person, place), clear summary of
findings and clearly identified author recommendations. A summary of comments is included
in Supplement 1 (Appendix F). Quality appraisal was carried out by BM, in consultation with

AM, HM and LG.

3.2.5 Results
In total, 35 distinct outbreaks in six regions from around the world were included. A summary
of outbreaks and average number of cases by region is presented in Table 3.1. The earliest
outbreak occurred in Finland in 1973, and the most recently reported outbreaks occurred in
early 2018. Average outbreak duration (time between first and last reported case) was 221
days, or just over 31 weeks (range=4 days — 4.5 years). Of the 28 outbreaks that reported on
seasonality, the most common seasons were spring/summer (n=13) and the equatorial dry
season (n=9). Seven major settings were identified: Urban Community (n=11), Rural and
Remote Community (n=9), Childcare and Educational (n=7), Events (n=3), Refugee Camps

(n=2), Military Barracks (n=2), and Organisational (n=1).

Table 3.1: Summary of outbreaks by region

No. Mean no. cases Median no. cases
Region outbreaks Serogroups (range) (18t = 39 quartile)
Europe 13 A, B,C,W 124 (2-1,527) 7.5 (4.25-14)
Africa 10 A C,W 12,956 (9 - 109,580) 291 (88 - 7,881)
North
America 6 B, C 10 (3-19) 9.5(5.5-15)
Asia 3 A, B, W 11 (5 - 17) 6 (5.5 - 11.5)
Oceania 2 w 13(2-24) 13 (7.5-18.5)
South 1 C 16 (NA) NA
America

Relative size (by attack rate) and location of outbreaks can be seen in Figure 3.2. The
predominant serogroup changed over time, from serogroup A or B outbreaks in 1970-1980 to
A or C in 1990-early 2000s, then B or C in the mid-2000s. More recently, there has been an
increase in serogroup W outbreaks since 2016. The earlier outbreaks generally had a longer
duration, often occurring over months or years. More recent outbreaks have lasted less than

six months on average.
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Figure 3.2: Map of reported outbreak locations (n=32) showing relative attack rates (number

of cases per 100,000 population), color-coded by serogroup.

Outbreaks by setting

A summary of outbreak characteristics by setting is presented in Table 3.2. A full list of

references for included studies can be seen in Supplement 2 (Appendix F).

Table 3.2: Summary of outbreak characteristics, arranged by setting

Year and Attack Case
Outbreak duration No. rate? fatality
Study location (days) Serogroup cases (95% Cl) rate (%)
Urban Community
. . 21.6
Cartwright Gloucestershire, 1981
: B 65 (16.6- 3.00%
1986 England 1,612 27.5)
1.07
chacon- i ana, Mexico 2913 c 19 (0.0664- 36.8%
Cruz 2014 59
0.167)
Dax City,
: Departement 8.90
?g{'g'e Landes, 2228 B 11 (4.44-  9.09%
Aquitaine 15.9)
region, France
. Antwerp 4.50
g)oeosschruver province, gggl C 74 (7.70- 9.46%
Belgium 10.7)
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Table 3.2 (cont): Summary of outbreak characteristics, arranged by setting

Year and Attack Case
Outbreak duration No. rate? fatality
Study location (days) Serogroup cases (95% Cl) rate (%)
Urban Community (cont)
. 20.0
Jacobson Mobile County, 1974
1977 Alabama, USA 396 B 16 (114 313%
32.5)
Krause Putnam County, 1998 C 12 316548 16.7%
2002 Florida, USA 395 (18.8- 1%
63.5)
Olomouc
17.0
é?griouc Olom (7.77-
Kriz 1995 Olomuc and 240 c ouc9 32.3) UKNP
Bruntal, Czechia B Brunt  Bruntal
runtal
531 all5 234
(12.5-
40.0)
32.5
i’ge';g'a Finland, Europe 1947630 A 1,527 (30.9- UKN
’ 34.1)
Rotherham,
Perrett South 1988
2000 Yorkshire, 7 ¢ 8 UKN 25.0%
England
Departement 6.40
Pivette Cotes-d’Armor, 2016 B 5 (2' 08- NAC
2020 Brittany Region, 121 '
14.9)
France
Beaujolais
. province, 225
ggi‘g“'s Auvergne- igm B 4 (6.13- NA
Rhone-Alpes 57.6)
Region, France
Rural or Remote Community
Kebbi, Niger 2015 282
Chow 2016 and Sokoto 118 C 6394 (275.14- 5.02%
states, Nigeria 288.99)
Ceduna Region, 54.0
Flood 2021  South Australia, 2216 W 2 (6.54-  NA
Australia 195)
g/'ooohoammed Nigeria 1226 A égg,s UKN 10.7%
Kara Region, 78.8
gﬂoolugnkoro Togo, Africa fg? W 1995 (75.4-  6.40%
(initial) 82.3)
Zurmi Local
. Government 2016 14,51
Nnadi 2017 Area, Zamfara 184 C 3 UKN 8.00%

State, Nigeria
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Table 3.2 (cont): Summary of outbreak characteristics, arranged by setting

Year and Attack Case
Outbreak duration No. rate? fatality
Study location (days) Serogroup cases (95% Cl) rate (%)
Rural or Remote Community (cont)
Foya District, 679
Rude 2019  Lofa County, 5817 W 9 (311- 44.4%
Liberia 1,285)
Sanogo Sgiterisciebougo 2010 18.07
. C 39 (0.128- 15.4%
2019 Koulikoro 58 0.247)
Region, Mali '
- 50.6
Sidikou Niger, Africa 2015 c 9,367 (49.57-  5.90%
2016 180
51.62)
Alice Springs, 10.9
Sudbury Northern 2017 '
2020 Territory, 153 W 24 (6.98- NA
. 16.2)
Australia
Childcare and Educational Settings
_ Paris, Hauts- 2017 200
Bassi 2017 De-France, 89 W 2 (24.2- 50.0%
France 721)
. Eugene, 30.5
ggfgam Oregon, United igf B 7 (12.3-  14.3%
States 62.8)
giesnet:; for Rogers County, 2010 270
Oklahoma, C 5 (87.8- 40.0%
Control United States 21 630)
2012
University of
Wisconsin-
. Madison, 10.2
nggher Madison, 2216 B 3 (2.10-  NA
Wisconsin 29.7)
State, United
States
University of 1996 800
Round 2001 Wales, Cardiff, 47 C 7 (294- 28.6%
Wales 1,734)
. 1,100
S swmwest 55 G oo
2,546)
Stewart West Midlands, 2010 1,705
2013 England 28 B 2 (353- NA
4,900)
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Table 3.2 (cont): Summary of outbreak characteristics, arranged by setting

Year and Attack Case
Outbreak duration No. rate? fatality
Study location (days) Serogroup cases (95% Cl) rate (%)
Events
Greenville, 26.4
zDgf;jeh Sinoe county, 5017 C 27 (17.4- 37.0%
Liberia 38.4)
Japan hosted 6 (2
WSJ, cases Scotla 19.5
Kanai 2017  occurred in 2015 W nd, 4 (7.16-  NA
Sweden & Swed 42.4)
Scotland en)
i 385
Reintes — pojgium 1997 C 5 (125-  40.0%
2002 229
895)
Refugee Camps
Kibumba
. Kibum 94.2 :
Kibumba and ba (81.0- Kibumba
Haelterman Katale camps, 1994 A 162 109) 8.00%
1996 Go_ma Region, 62 Katale Katale Katale
Zaire 137 134 3.00%
(117-
152)
Santaniello- East Moyo sub- 300
Newton district, Moyo 3324 A 291 (267- 14.4%
2000 District, Uganda 336)
Military
Kushwaha Kashmir 2006 A 17 (537313 11.8%
2010 Region, India 114 913)
Royal Air Force 310
2"925;6”0” Base, Lincoln, 3286 c 4 84.4-  NA
England 791)
Organizational Settings
Rio Verde, 12
lser 2012 Goias State, iggs C 16 (0.0686- 31.0%
Brazil 0.195)

a Cases per 100,000 population

b Not reported.
¢ No deaths linked to this outbreak.
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Urban Community

Of the 11 outbreaks that occurred in urban community settings, eight occurred in Europe, and
three occurred in North America. The European outbreaks were reported in France (n=3), the
UK (n=2), Czechia (n=1), Belgium (n=1), and Finland (n=1). The Finnish outbreak had the
longest recorded duration, from 1973-1976 (1,460 days) and was the earliest recorded
outbreak included in this study (Peltola 1978). Excluding the Finnish outbreak, the average
number of cases was 22, with a median of 12 (Interquartile range, IQR=8.5 — 17.5, range=4 —

74) and seasonality was varied.

The typical response for urban community settings differed over time, with the earliest
outbreaks occurring prior to vaccine availability. In the absence of vaccination, control
measures such as mass-chemoprophylaxis and heightened disease surveillance were utilised.
The most recent outbreaks had more targeted responses, with an emphasis on identifying and
managing only the community at risk. Author recommendations also varied over time, but
increasingly focussed on the importance of restricting chemoprophylaxis use to contacts at the
highest risk of transmission, and, with the exception of an outbreak in Tijuana, Mexico
(Chacon-Cruz et al. 2014), promoting mass vaccination over antibiotic chemoprophylaxis when

responding to the community outbreaks.

Rural or Remote Community
There were nine outbreaks that occurred in a rural or remote community setting. Two occurred
in remote Australian First Nations communities, and seven occurred in Sub-Saharan Africa.
All outbreaks were associated with extended periods of hot, dry weather in the form of an arid
Australian spring/summer or the Sub-Saharan dry season (a period spanning December-
June). Another common theme among these outbreaks was endemicity within the affected
population, and occurrence over large geographic areas. As presented in Table 3.2, these
outbreaks reported the highest average number of cases at 15,770 (median=1,995, IQR=24 —

9,367, range=2 — 109,580).
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The typical response included an outbreak response team of public health and clinical staff to
the affected regions and a strong emphasis on community engagement and education. Often
febrile protocols were adopted as part of the clinical response (Haelterman et al. 1996; Sudbury
et al. 2020) — meaning the immediate provision of antibiotics to any case presenting with fever
or any other potential symptoms of IMD prior to laboratory confirmation. Mass vaccination was
carried out in all instances. Specific to Sub-Saharan Africa were mentions of resource
limitations, underreporting of cases, and an inability to determine the causative pathogen for
all clinically suspected IMD cases. Responses were often reliant on the WHO (Mohammed et
al. 2000; Mounkoro et al. 2019) or non-governmental organisations (NGOs), such as Médecins
Sans Frontiers (Chow et al. 2016) or the Bill and Melinda Gates Foundation (Sanogo et al.
2019), for assistance with surveillance, vaccine acquisition, and distribution, resulting in
decentralized and asynchronous responses. Recommendations from authors included
stronger surveillance systems, gradual scaling up of response capacity to reduce reliance on
NGOs, and routine vaccination of the general population with a long-lasting, multivalent

conjugate vaccine.

Childcare and Educational settings
Seven outbreaks occurred in educational or childcare settings. Four of these occurred in
university student accommodation, two in childcare settings, and one in a high school
dormitory. The university outbreaks all either initiated in first-year cohorts or students returning
from overseas travel. Outbreaks within this setting had some of the lowest case numbers
presented in Table 3.2 (median=5, IQR=2.5 — 6), but also recorded some of the highest attack
rates shown in Figure 3.2, with a mean of 588 cases per 100,000 population (median=270,

IQR=115 — 950 per 100,000, range=10.2 — 1,705 cases per 100,000).

These outbreaks were detected rapidly and responses were targeted to easily-identifiable sub-
population (residence halls, shared dining spaces, classroom). The typical response was
mass-vaccination of the at-risk cohort in all cases except in the study by Sekiya et al. (2021),

as there was no meningococcal B vaccine licenced in Japan at the time of the outbreak. In that
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outbreak, chemoprophylaxis was limited to those in close contact with identified cases (Sekiya
et al. 2021). Recommendations included proactive vaccination of incoming residents to shared
accommodation settings. Vaccination was described as preferable to mass-chemoprophylaxis
where the population at risk was not easily identifiable as the duration of protection is much
longer, and has no associated risk of encouraging microbial resistance. Authors also stressed

the importance of appropriate, comprehensive information for the population at risk.

Events
There were two international youth events with associated IMD outbreaks, namely the 2015
World Scout Jamboree held in Japan, and a European youth soccer tournament held in
Belgium in 1997. There was also one local event, a funeral in Sinoe County, Liberia. All three
outbreaks were linked back to the respective events, with cases occurring among attendees
and/or staff. The two international events were also linked to small local outbreaks in attendees’
home countries, indicating cases returning home were spreading meningococcal disease to

individuals within their local communities.

The typical response to these outbreaks was increased surveillance, notification of event
attendees and their contacts (with the added difficulty of cross-jurisdictional naotification in the
international events), and vaccination and chemoprophylaxis of at-risk contacts and
communities. Response differed depending on the case jurisdiction, as did the
recommendations for case management. Recommendations included facilitation of cross-
jurisdictional notification of communicable disease and vaccination of incoming travellers to

large international events.

The response described in the Liberian outbreak was made with no knowledge of the causal
pathogen (later confirmed to be meningococcal C) (Patel et al. 2017). In the case of the
Liberian outbreak, an additional recommendation was made for increased testing capabilities
and more comprehensive surveillance systems to allow quicker identification of causal

pathogens.
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Refugee camps
Two outbreaks occurring in refugee camps were included. Both camps were located in Sub-
Saharan Africa, and outbreaks occurred in the dry season, after large influxes of new refugees.
Their overall health was described as poor, with widespread malnutrition and limited data on

pre-existing vaccination coverage.

Responses included community education on better hygiene practices, immediate provision of
antibiotics to any suspected cases, mass-vaccination campaigns and active surveillance of
cases and their contacts. Recommendations included improved vaccination coverage and
screening of incoming residents, use of conjugate instead of polysaccharide vaccines for

increased duration of protection, and more accommodation facilities to reduce overcrowding.

Military
Two outbreaks occurred in military barracks or training camps, one in the UK and one in the
Kashmir region of India. These outbreaks were characterised by shared sleeping
arrangements, largely transient populations and close living quarters. The Indian outbreak also

occurred during a period of overcrowding within the training camp.

The public health responses included enhanced surveillance, chemoprophylaxis of contacts at
high risk of transmission (medical staff, those who shared barracks with cases) and vaccination
in the case of the UK outbreak. Vaccination supply was not secured in time for the Indian
outbreak, which was instead managed through isolation of cases, rearrangement of sleeping
quarters to improve airflow, and strict contact-management protocols. Recommendations
arising from these articles included routine vaccination of incoming recruits and better

management of accommodation facilities to reduce the impact of overcrowding.

Organisational
One outbreak occurred in an organisational setting — a food preparation plant — before
spreading to the wider community of Rio Verde, Brazil (Iser et al. 2012). This outbreak recorded
16 cases, 14 of which were linked to the food processing plant, which was described as a

humid, enclosed work environment.
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The response to this outbreak was mass-vaccination of food plant workers as the population
most at risk. After this vaccination campaign, there were no further cases identified among
plant workers, but four additional cases were recorded in the wider community. The authors
emphasise the possibility of asymptomatic spread within a community as an ongoing challenge

to outbreak prevention and management (Iser et al. 2012).

Data quality
Few of the included articles reported on outbreaks and their response in a consistent manner.
At least one item of key contextual information such as outbreak setting, size, and duration
were missing from the majority of studies. Almost half (n=15) of the articles did not include an
overall attack rate for the outbreak described, and three of these outbreaks additionally did not
have readily available population data. Sixteen articles either did not include or provided limited
information regarding case demographics, number of contacts, outbreak duration or response
size. Some public health responses were also not clearly described, or required close reading

to identify critical details.

3.2.6 Discussion
Over time, factors of geography and human behaviour have been identified as increasing the
risk of development and spread of IMD outbreaks. It was observed that rural or remote regions
were at a higher risk of community outbreaks of IMD, in particular during dry seasons, or
periods of reduced humidity (Koutangni, Boubacar Mainassara & Mueller 2015). These regions
often spanned broad areas and when the response was not immediate, were the largest
outbreaks by case numbers. A frequent point of discussion was resource limitations, in
particular availability of testing, vaccination facilities and vaccination availability (Mohammed
et al. 2000; Mounkoro et al. 2019; Nnadi et al. 2017). A common recommendation for people
living in these areas was routine vaccination with a long-lasting, multivalent vaccine which
would protect communities against the most prevalent circulating serogroups of N.

meningitidis.
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Shared accommodation settings also present an increased risk for outbreak development, in
particular dormitory or barracks accommodation, or large refugee camps. Instances of
overcrowding, paired with highly transient populations, are likely to lead to an increased risk of
transmission given the introduction of a disease-causing serogroup. Suggested prevention
measures were largely proactive, focussing on vaccination of incoming residents or attendees.
This also extends to large events or gatherings, with several outbreaks associated with the
Hajj and Umrah mass gatherings (Yezli 2018). Descriptions of these two outbreaks were not
eligible for inclusion in this review as they did not provide any details on the associated public

health response.

Some outbreaks did not have such an easily identifiable link to a high-risk setting, such as
those occurring in urban communities. These outbreaks were either characterised by the
emergence of a new, possibly hyper-virulent strain (Pivette et al. 2020; Thabuis et al. 2018)
with rapid spread, or a steady increase in cases over several months or years (Cartwright,

Stuart & Noah 1986; Peltola 1978).

A gradual evolution in public health management of outbreaks can be seen over time;
increased vaccine availability and serogroup coverage has allowed some jurisdictions to be
more proactive in their outbreak prevention. Most high-income countries include some form of
meningococcal vaccine in their infant immunisation schedules. However, some countries,
especially in Sub-Saharan Africa, are not able to fund a multi-strain vaccination program
across their whole population (Sherman & Stephens 2020). These countries are not always
equipped with public health systems that are able to mobilise and handle large-scale outbreaks
of IMD (Obaro & Habib 2016), requiring the assistance of non-local resources to control

outbreaks as they occur.

Public health responses that occurred prior to development of conjugate vaccines relied
heavily on mass-chemoprophylaxis of large subgroups of the population in an attempt to
reduce asymptomatic carriage (De Schrijver & Maes 2003; Jacobson, Chester & Fraser 1977;

Perrett et al. 2000; Reintjes et al. 2002). However, this has limited long-term effectiveness,
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especially in the case of communities where N. meningitidis is endemic or the population at

risk cannot be clearly defined (Borrow et al. 2017; Kriz, Vickova & Bobak 1995; Peltola 1978).

Outbreak reporting is used to inform future policy and practice, and good quality reporting is
essential to inform effective, evidence-based practice (Von Elm et al. 2007). Reflections on
past outbreak management can help to inform current public health management and practice.
Incomplete reporting of key contextual details such as outbreak size, setting, and duration
alongside a comprehensive summary of response characteristics could influence future
decision-making processes. While there has been some consensus in recommendations over
time (i.e. progression from chemoprophylaxis to vaccination), reporting on outbreaks is non-
standardised, and key measures of outbreak size and impact within a community (as indicated
by attack rate) were often not included in the studies considered here. Without clear,
comprehensive reporting, a global picture of IMD outbreak management is difficult to ascertain,

and so development of outbreak management strategies could be negatively impacted.

3.2.7 Conclusion
There are identifiable high-risk settings for outbreak development. Human behaviour and
location can influence the risk of sporadic IMD cases spreading such that outbreaks develop.
However, some low-resourced parts of the world are still limited in their capacity to detect,
prevent and control IMD outbreaks. Reporting on IMD outbreaks is inconsistent, and thus
decisions around outbreak prevention and management are made without a full understanding

of context in some jurisdictions.

More broadly, public health management of infectious disease outbreaks has historically been
reactive, with only a very recent shift in focus to proactive measures. High quality reporting is
essential for effective, evidence-based policy and practice, in turn providing the evidence to
support this transition. Consistent reporting would assist different parts of the world in
optimising prevention and mitigation strategies for IMD outbreaks, and concurrently inform

strategies to aid in the management of other infectious diseases.
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Chapter 4 — Discussion

4.1 Introduction

The research presented in this thesis has identified current inconsistencies in guidelines for,
and reporting on, public health management of Invasive Meningococcal Disease. Present
recommendations remain insufficiently supported by evidence around risk factors for IMD
transmission and disease development. Better quality evidence is needed in the form of
consistent reporting on outbreaks characteristics and associated public health responses.
Reporting will in turn support clear, consistent guidance, which can promote effective practice

and response.

4.2 Context

Public health guidelines are developed to assist in communicable disease prevention and
management. These guidelines are usually written by national public health agencies such as
the Communicable Diseases Network Australia (2017), American Centers for Disease Control
and Prevention (MacNeil & Cohn 2011), or European Centre for Disease Prevention and
Control (2010), and outline the recommended public health response to cases or outbreaks of
communicable disease. In the case of IMD, these guidelines outline evidence-based
processes for identifying, classifying and managing contacts to IMD cases (Communicable
Diseases Network Australia 2017) intended for implementation by public health staff when
responding to IMD notifications. Prior to the current study, published reviews or appraisals of
public health guidelines for the management of IMD had only been conducted within the
European Union (Hanquet et al. 2015; Vygen et al. 2016) and it was unclear how global
guidance was in accord with the current evidence around IMD transmission and disease
prevention. This assessment of national and international guidelines for the public health
management of IMD, presented alongside a summary of the literature around guideline
development and use, has provided a better understanding of the processes involved with

guideline development and identification of best practice.
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Previous reviews of IMD outbreaks lack detail on their public health management, and have
been limited by setting (Butler 2006), geography (Dogu et al. 2021; Dutta et al. 2020), or scope
(Abio, Neal & Beck 2013). In addition, it was previously unknown how public health responses
to IMD outbreaks may have changed globally over time, or potentially differ by jurisdiction or
community affected. Settings identified as at a higher risk of outbreak development could be
the focus of specific public health interventions to prevent IMD outbreaks before they can
occur. This research has provided a more complete understanding of outbreaks and their

associated responses.

The first published manuscript, presented in Chapter 2, sought to assess public health
guidance for identification and management of close contacts to IMD cases. National and
international guidelines for public health management of IMD were appraised for quality. A
direct comparison of definitions for close contacts to IMD cases and recommendations for their
management was also conducted. The second manuscript (submitted for publication),
presented in Chapter 3, aimed to describe the evolution of public health management of IMD
outbreaks over time, alongside variations in outbreak responses due to setting or geographical

features.

4.3 Key findings

Overall, the findings of this research provide insight into the current state of public health
management for IMD. Key areas for improvement in the development of public health
recommendations for the management of IMD cases and their contacts have been suggested.

Inconsistencies in outbreak management reporting were also made apparent by the review.

The first study found that higher quality guidelines according to the AGREE Il instrument -
including those with higher stakeholder involvement, clarity of presentation, rigorous
development process, and applicability - provided clear, consistent recommendations in line
with the available evidence for IMD transmission. These guidelines included concise
summaries of the potential risks, costs and benefits to suggested interventions. All guidelines

emphasised the importance of prompt identification and management of close contacts to IMD
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cases. There was also strong consensus on the exposure period and recommendations for
clearance antibiotics for close contacts. However, there were marked inconsistencies in the
language and terminology used to define and describe close contacts to IMD cases. Criteria
for close contacts also varied, from ‘household and household-like’ only to including co-

passengers and intimate contacts.

The review of outbreak management strategies assessed 35 IMD outbreaks across some 50
years. Overall, there was a general decrease in outbreak size and duration over time, likely a
result of increased herd immunity, reduction in susceptibility through vaccination coverage,
improved disease surveillance and response times. Shifts in prevalent serogroup were also
observed, from predominantly serogroup A or B in 1970-1980s to serogroup A or C in 1990-
early 2000s, resulting in ongoing concerns regarding vaccine availability and serogroup
coverage. Some specific regions (e.g. rural or remote communities in sub-Saharan Africa) or
settings (e.g. crowded living accommodations) were observed to have an increased risk of
outbreak development. Some strategies have already been implemented to mitigate this risk,
such as the widespread use of MenAfriVac in Sub-Saharan Africa, or the vaccination of all
incoming first-year students to American colleges with student accommodation (Butler 2007;

Obaro & Habib 2016).

This second study also identified major inconsistencies in outbreak reporting, with key
contextual information such as case demographics, outbreak start and end dates, or attack
rate within the affected population for each outbreak often missing or incomplete. Finally, this
research highlighted the limited integration between reporting on outbreak characteristics and

outbreak response.

4.4 Significance

Clear, consistent reporting on communicable disease can be used to inform public health
management of future cases and outbreaks. While IMD is relatively rare (Zunt et al. 2018) and
the risk of transmission and ensuing disease arising from close, sustained contact between

individuals appears low in comparison to other communicable diseases (Trotter, Gay &
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Edmunds 2006; Zunt et al. 2018), inconsistencies were still observed in both public health
recommendations and outbreak reporting. The current COVID-19 pandemic, along with
previous global pandemics, has highlighted similar issues with inconsistencies in public health
recommendations and reporting between jurisdictions (Hennessee et al. 2021; Lo, Mertz &

Loeb 2017).

Guideline recommendations regarding identification and categorisation of close contacts to
IMD cases remain inadequately justified by the available evidence. Since N. meningitidis can
be carried and transmitted asymptomatically (Yazdankhah & Caugant 2004), it is not always
immediately obvious whether a case of IMD is the first introduction of the bacteria to a
community, or simply the first incidence of symptom development (Caugant et al. 1994). There
also remain uncertainties around the variables that affect transmission and carriage of N.
meningitidis (Trotter, Gay & Edmunds 2006; Yazdankhah & Caugant 2004), along with the risk
of developing IMD symptoms (Caugant, Tzanakaki & Kriz 2007). Research on the impacts of
vaccination suggest varying effects on carriage and duration of protection (Khatami & Pollard
2010; Pizza, Bekkat-Berkani & Rappuoli 2020). The shifting epidemiology of IMD poses an
additional consideration (Norris 2018), with changes in seroprevalence and the circulation of
hyper-virulent strains presenting an ongoing challenge to public health management (Borrow

et al. 2017).

Routine surveillance data and outbreak reporting provide the majority of evidence around the
risks of N. meningitidis transmission and subsequent development of IMD (Hanquet et al.
2015). The relatively low incidence of IMD in comparison with other communicable diseases
(Zunt et al. 2018) severely limits opportunities to gain insight into the real-world transmission
mechanisms of N. meningitidis between individuals. Without this knowledge, it is difficult to
assess the ongoing risks of case or outbreak development within communities, or judge the
impact of major events such as a global pandemic on public health management of IMD
(George et al. 2022). Reporting on IMD outbreak management was assessed against criteria

outlined in The Strengthening the Reporting of Observational Studies in Epidemiology
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(STROBE) statement (Von Elm et al. 2007). The inconsistent and unclear reporting on
outbreak characteristics and outbreak responses identified in Chapter 3 aligns with broader
literature around communicable disease and outbreak reporting (Hennessee et al. 2021;
Huynh, Baumann & Loeb 2019; Lo, Mertz & Loeb 2017). This supports an ongoing need for

better quality reporting on communicable disease outbreaks.

Public health recommendations for prevention and control of IMD are informed by the body of
evidence around IMD transmission (Hanquet et al. 2015). Reporting on clearance antibiotic
use provided the necessary evidence to justify the effectiveness of clearance antibiotics among
household contacts to IMD cases (McNamara et al. 2018; Telisinghe et al. 2015). Similarly,
reporting on IMD outbreaks in US college dormitories was used to develop recommendations
for outbreak prevention strategies among an at-risk population, and supported the country-
wide implementation of vaccination campaigns for incoming students (Butler 2006, 2007). The
disproportionate severity of IMD in comparison to other communicable diseases (Martinon-
Torres 2016; Olbrich et al. 2018) necessitates reliable, good quality data on variables that may
influence transmission and subsequent outbreak development. Such data are needed before
it will be possible to achieve internationally consistent criteria for identification of close contacts

to IMD cases or populations most at risk of outbreak development.

Although the COVID-19 pandemic has led to heightened awareness of communicable
diseases among the wider population, international collaboration on public health
recommendations remains critical for effective cross-jurisdictional responses. Consistent
reporting on case or outbreak characteristics, combined with a clear summary of any
interventions and their outcomes, will provide the evidence needed to inform the development
of public health recommendations for communicable disease management across a variety of

settings.

It may not be possible to define a singular approach for public health management of IMD that
can be applied in all contexts or settings. All guideline documents assessed included some

mention of the variability in factors that impact transmission and disease development
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(Communicable Diseases Network Australia 2021; European Centre for Disease Prevention
and Control 2010; Public Health Agency of Canada 2006). The evidence also suggests there
is some variability in severity, transmissibility, and symptom presentation between IMD
serogroups (Martinon-Torres 2016). Shifts in serogroup prevalence observed over time have
ongoing implications for long-term IMD management and prevention. Management of IMD
outbreaks incurs significantly more costs compared to management of sporadic cases
(Anonychuk et al. 2013; Constenla, Carvalho & Alvis Guzman 2015). These costs increase
relative to the size of the outbreak, placing a severe burden on jurisdictions when responding
to large-scale outbreaks (Anonychuk et al. 2013). Mean cost estimates for outbreak responses
in high income countries range from $299,641 to $579,851 (2010 USD) for small and large-
scale outbreak management strategies respectively (Anonychuk et al. 2013, Martinén-Torres
2016). Low-income countries are more likely to experience large-scale IMD outbreaks
(Martindn-Torres 2016), with mean cost estimates at $3,407,590 (USD) per large-scale

outbreak response (Anonychuk et al. 2013)

Resource burdens incurred by outbreak responses can also affect the ongoing ability to
respond to future outbreaks, as the staff and resources required to update or develop effective
public health guidance has been redirected to outbreak response (Goodman, Buehler, & Mott
2019, Martindn-Torres 2016), Use of WHO guideline development frameworks or similar
standardized processes for guideline development is inherently more time and resource
intensive (Refhuess 2019), thus emphasising the importance of developing proactive
strategies that either limit the potential spread of outbreaks or prevent them altogether.
Identifying circumstances or settings with a greater risk of outbreak development will also allow
for better targeting of resources for preventative measures (Hassan et al. 2019; Stuart 2001),
further underscoring the need for quality reporting on all aspects of IMD outbreaks and their

management.

Chapter 4 — Discussion | 59



4.5 Strengths and limitations
4.5.1 Strengths

Both studies presented in this thesis contribute new evidence for the current body of literature
around public health management of IMD, and public health management of communicable
diseases in general. Strengths of this research include the use of a validated tool (Brouwers
et al. 2010) in the AGREE Il Instrument to critically assess national and international guidelines
for the public health management of IMD, conducting a direct comparison of language used to
define close contacts to IMD cases, and providing a global summary of IMD outbreak response

and management.

The appraisal process outlined in the first manuscript (Chapter 2) introduces a novel process
for assessing public health guidelines across jurisdictions, which can be used to assess public
health guidelines for management of other communicable diseases. This process can be used
to identify areas within guideline documents that may benefit from review or clarification, or
indicate recommendations that require additional supporting evidence (Amer et al. 2020;
Bazzano et al. 2016; Brouwers et al. 2010; Polus et al. 2012). In a similar vein, identifying
inconsistencies in the language used in public health recommendations between jurisdictions
supports the ongoing need for better cross-jurisdictional collaboration when developing

recommendations for communicable disease control (Burmaz, Guicciardi, et al. 2019).

Summarizing outbreak management strategies across time and by location has provided new
insight into the settings and circumstances where IMD outbreaks are more likely to develop.
Information on the likelihood of outbreak development can be used to identify priority regions
for ongoing surveillance and prevention programs (Hassan et al. 2019). Previous reviews on
IMD epidemiology (Butler 2006; Dogu et al. 2021; Dutta et al. 2020) have been restricted by
time or location. The current research presented here provides a new perspective to IMD
outbreaks and their associated public health management. In line with previous literature, it
identified the need for better integration of outbreak responses with reporting (Anonychuk et

al. 2013; Butler 2006; Martinon-Torres 2016). If implemented, improved reporting would
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provide the evidence needed to clearly justify public health recommendations for management

of IMD cases and their contacts.

4.5.2 Limitations
No primary data collection was conducted over the course of this research, and all conclusions
drawn were reliant on readily available public health guidelines for prevention and
management of IMD. The guidelines assessed were also limited to high-income countries with
relatively low incidence of IMD (Zunt et al. 2018). It is still unclear whether public health staff
use the guidelines as written when responding to cases of IMD or if there are alternate
documents for internal use that are not publicly available. While the original intent of the
guideline appraisal was to lead into surveys and interviews of public health staff, the feasibility
of this course of study was severely impacted by the COVID-19 pandemic. Instead, outbreak
responses in the peer-reviewed literature were assessed to gain insight into some of the

practical applications of public health recommendations and how they changed over time.

It was not possible to assess outbreak characteristics as presented in published literature
against grey literature such as notification data for the relevant jurisdictions. It is unclear how
publication bias may have affected the number of articles identified in the second manuscript.
Due to changes in the nature of communicable disease surveillance over time, and differing
standards of reporting between jurisdictions, it is unlikely that any global study of IMD
outbreaks and their associated public health response across a similarly broad time frame
would be able to present definitive data around the size and scope of previous IMD outbreaks.
The heterogeneity of data presented by the included outbreaks also limited the possibility of
any meta-analysis of data. Nevertheless, findings from the study are still in keeping with
previously published literature on the general need for better-quality reporting on disease
outbreaks (Huynh, Baumann & Loeb 2019; Stone & Cookson 2016; Wieland, Chhatwal &

Vonberg 2017).

Language capabilities across the research team necessitated limiting to English-language

guidelines and publications only. The search strategy for the second manuscript was limited
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to two databases after discussion with a librarian who specialised in public health support

regarding the scope and focus of the study.

4.6 Recommendations

International collaboration is needed when developing public health recommendations for
prevention and management of communicable disease. In light of a shifting global landscape
of disease, inconsistencies in definitions, especially around identification and management of
close contacts, could hinder cross-jurisdictional responses to future cases or outbreaks of IMD.
Some standardized process of international review should be included in the guideline
development process. While management strategies and responses may differ as a result of
setting or jurisdiction, the language used to describe individuals at risk of transmission (or

requiring additional follow-up) should be consistent.

Consistent reporting standards for outbreaks and their associated response are also needed.
There exists readily available guidance for reporting on observational studies in various
settings. The STROBE Statement (Von Elm et al. 2007) provides information checklists for
authors to use when reporting their observations of communicable disease outbreaks.
Extensions to the STROBE Statement have been developed for use in various fields, including
molecular epidemiology (Field et al. 2014; Gallo et al. 2012) and neonatal infection research
(Fitchett et al. 2016). Similar guidance also exists for outbreak reports and intervention studies
of nosocomial infections (ORION Statement) (Stone et al. 2007). However, guidance on
reporting standards is yet to be universally adopted (Huynh, Baumann & Loeb 2019; Stone &
Cookson 2016). The gaps identified in outbreak reporting need to be addressed in order to
better inform the development of consistent public health recommendations for management
of IMD and other communicable diseases. Better integration of disease surveillance and
notification data with reporting on outbreak management is also needed for a more complete

understanding of the effectiveness of public health interventions.

Chapter 4 — Discussion | 62



4.7 Future directions

There remains a gap in knowledge around the practical use of public health recommendations
when responding to cases of IMD. Public health practitioners’ attitudes and knowledge towards
IMD could influence their adherence to public health guidance (Murajda et al. 2015), and it is
currently unknown how staff in public health departments interpret or apply public health
recommendations in practice (Torner et al. 2011). Assessing the barriers and facilitators to
guideline implementation by public health staff will help inform the process of refining and

implementing public health recommendations.

A better understanding of the factors that influence carriage and transmission of N. meningitidis
alongside the transition between carriage and IMD symptom development will also help inform
future public health recommendations. The introduction of new, hypervirulent strains of N.
meningitidis, environmental factors, variation in the duration of protection offered by
vaccination, or the impact of vaccination on carriage, can all impact the likelihood of outbreak
development. New generation vaccines that reduce carriage and transmission in addition to
preventing disease may play a greater role in management of future outbreaks (Pizza, Bekkat-
Berkani & Rappuoli 2020). Understanding carriage rates within the general population and
how they relate to the risk of outbreak development will also allow for more proactive and

targeted management of IMD.

Improving the consistency of reporting on communicable disease outbreaks and associated
public health responses will also help inform the development of guidance for communicable
disease prevention and control. The checklist of items included in the STROBE statement was
used to inform the assessment of reporting quality in this research (Von Elm et al. 2007).
However, the STROBE statement and associated extensions were designed to improve
reports of observational studies, and are not specific to reporting on communicable disease
outbreaks (Stone et al. 2007; Von Elm et al. 2007). There is no recommended or widely
accepted format for reporting on communicable disease outbreaks, which may have

contributed to the inconsistencies identified by this research.
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Reporting on communicable disease outbreaks should include key characteristics such as
time, person, place, as part of the descriptive epidemiology, alongside a clear description of
any public health responses made. Greater consistency in reporting will provide the evidence
base necessary to inform future public health actions for the prevention and management of
communicable disease. Establishing a formal surveillance program, with regular audits of data

to ensure quality and consistency of reporting, is recommended.

4.8 Conclusion

Public health management of communicable disease is an ongoing global concern. Rapid
shifts in factors that influence disease development and spread require dynamic, specific
responses that are well-supported by evidence. The focus of this thesis was on the public
health management of IMD, and this research has identified inconsistencies in
recommendations for, and reporting on, public health responses to IMD cases and outbreaks.
Incomplete or inconsistent reporting on IMD outbreak management does not provide adequate
evidence to clearly justify public health recommendations for management of IMD cases and

their contacts.

Promoting more complete reporting of public health responses may improve understanding of
the factors impacting IMD transmission and outbreak development, and support the
development of more consistent public health recommendations. Better quality reporting and
greater consistency of guideline recommendations for IMD may also ultimately inform and

improve the public health management of other communicable diseases.
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Background: COVID-19 has focussed public attention on the management of communicable disease like
never before. Surveillance, contact tracing, and case management are recognised as key components
of outbreak prevention. Development of guidance for COVID-19 has drawn from existing management
of other communicable diseases, including Invasive Meningococcal Disease (IMD). IMD is a rare but
severe outcome of Neisseria meningitidis infection that can be prevented through vaccination. Cases still
occur sporadically, requiring ongoing surveillance and consistent management. To this end, national
and international public health agencies have developed and published guidance for identification and
management of IMD cases.
Aim: To assess national and international guidelines for the public health management of IMD, with a
focus on the recommendations for identification and management of “close contacts” to IMD cases.
Methods: Guidelines from six national and international public health agencies were assessed using a
modified version ofthe Appraisal of Guidelines, Research and Evaluation (AGREEII) Instrument in four key
domains: stakeholder involvement, developmental rigour, clarity, and applicability. A direct comparison
of terminology and recommendations for identification and management of close contacts to IMD cases
was also conducted.
Results: Guidelines from Europe and the United Kingdom rated most highly using the AGREE Il Instrument,
both presenting a clear, critical assessment of the strength of the available evidence, and the risks, costs,
and benefits behind recommendations for managementof close contacts. Direct comparison of guidelines
identified inconsistencies in the language defining close contacts to IMD cases.
Conclusion: Discrepancies between guidelines could be due to limited evidence concerning mechanisms
behind disease transmission, along with the lack of a consistent process for development and review of
guideline recommendations. COVID-19 management has demonstrated that international collaboration
for development of public health guidance is possible, a practice that should be extended to management
of other communicable diseases.

© 2021 The Author(s). Published by Elsevier Ltd on behalf of King Saud Bin Abdulaziz University for
Health Sciences. This is an open access article under the CC BY-NC-ND license (http://creativecommons.

org/licenses/by-nc-nd/4.0/).

Introduction

Societal discussion around the role of public health agencies in the
prevention and control of infectious disease outbreaks has never

The Coronavirus Disease 2019 (COVID-19) pandemic has been more important. One major point of focus is the role of disease
brought communicable disease management into the spotlight. surveillance within outbreak suppression strategies. Countries that

* Corresponding author at: School of Public Health, The University of Adelaide,

Australia.

acted swiftly and decisively when setting guidance for the identifi-
cation and management of COVID-19 cases and close contacts often
saw greater success in supressing outbreaks and avoiding heavy
case burdens. Notable examples include Australia, Taiwan and New
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BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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The rapid development of guidelines for the management of
COVID-19 in different jurisdictions across the world has, necessar-
ily, drawn from guidelines for the management of other infectious
diseases [2]. Differences in the public health management for
other infectious diseases may help to partially explain some of the
marked differences in approaches between countries.

The COVID-19 pandemic and ensuing public health measures
including physical distancing, lockdowns, and contact tracing, has
led to palpable reductions in the incidence of other communica-
ble diseases [3,4]. It is thus timely to compare guidelines for the
management of other communicable diseases across a range of
jurisdictions to inform the evolution of guidelines for the manage-
ment of COVID-19 alongside a more unified update of guidance for
other communicable diseases.

A French study investigating the effect of COVID-19 lockdowns
on communicable disease identified a decrease in highly transmis-
sible and hyperinvasive strains of Invasive Meningococcal Disease
(IMD) over the same time period lockdowns were in place [4]. IMD
is a severe disease caused by Neisseria meningitidis (N. meningi-
tidis), a bacteria found in the human nasopharyngeal mucosa, the
cells lining the back of the nose and throat [5]. The disease has a
rapid onset and cases require prompt antibiotic treatment to pre-
vent mortality [12,13]. Survivors of IMD often suffer from serious
long-term sequalae, including - but not limited to - loss of limbs,
neurological damage, hearing loss and physical or psychological
scarring [6]. Infants (<1 year old) are the most commonly affected
age group, with a small increase in incidence for teenagers and
the elderly [7]. While IMD is relatively rare in developed coun-
tries (age standardised incidence of 0.5-20 cases per 100,000 in
2016 [8]), N. meningitidis can be carried and transmitted asymp-
tomatically throughout the general population, with carriage rates
ranging between 10-20%. The mechanisms for transmission are
not well understood [9], but it is known that close, sustained con-
tact between people creates optimal conditions for spread of N.
meningitidis.

IMD is preventable through vaccination, with vaccines available
tocoverfiveofthe six most common disease-causing strains (A, B,C,
X, Y, and W) [4,10-13]. Carriage of N. meningitidis can be prevented
through the use of clearance antibiotics (chemoprophylaxis), for
contacts of cases — that is, those people who have had close and
sustained interactions with cases.

As is the case with COVID-19, ongoing public health manage-
ment of IMD is required to prevent the development of community
outbreaks. This is achieved through two main mechanisms: vacci-
nation of the general population to reduce overall incidence; and
disease surveillance and contact tracing to prevent the spread of
IMD from carriers.

When IMD cases are identified, staff in public health units are
responsible for identifying and classifying all possible contacts
to the case. These contacts are then classified by the likelihood
of N. meningitidis transmission. “Close contacts” have the highest
risk of transmission and are managed with chemoprophylaxis to
eliminate carriage of a possible disease-causing strain of bacteria.
Depending on the disease-causing strain and availability of vacci-
nation, close contacts may also be offered a strain-specific vaccine
to reduce the risk of developing symptoms [14].

For staff with responsibility for contact identification and clas-
sification, guidance around IMD management comes in the form
of guideline documents, usually written by national public health
agencies, such as the United States Centers for Disease Control
(CDC) and Prevention, or the New Zealand Ministry of Health.
Within Australia, these guidelines have been developed by the
Communicable Diseases Network Australia (CDNA), an advisory
group for the Australian Government that provides unified national
guidance for the management of communicable diseases [2,15].
These guidelines outline the recommended public health response

Journal of Infection and Public Health 14 (2021) 1069-1074

- how to identify, classify and manage contacts, what antibiotics
and vaccinations to provide, and guidance on how to communicate
with contacts - which is then implemented by public health staff
when responding to IMD cases.

While many countries have guidelines written for the public
health management of IMD, there has been no comparison or anal-
ysis of this guidance on an international level. There is limited
evidence around the actual risk of transmission between cases and
contacts, especially close contacts, as IMD is uncommon and epi-
demiology varies globally [16].

An assessment of national and international guidelines for the
public health management of IMD, accompanied by a summary of
the literature around guideline development and use, will provide a
better understanding of guideline implementation in public health
settings, and may help to inform the evolution of guidelines for the
ongoing prevention of communicable diseases, such as COVID-19.
The primary purpose of this review is to assess national and inter-
national guidelines for the public health management of IMD, and,
more specifically, identification and management of close contacts.
Asecondary purpose is to characterise and evaluate similarities and
differences between guideline recommendations for the identifica-
tion and management of close contacts.

Methods

Guidance for the public health management of IMD cases and
contacts were sourced from countries with similar incidence of
IMD to Australia [8]. Each national public health agency (or equiv-
alent authority) was identified by searching the country name
and “department of health” using Google. Agencies websites were
then searched using the terms “meningococcal” OR “meningitis”
AND *“guidelines” OR “publication” to identify any publicly avail-
able resources for staff about the management of IMD cases and
contacts. Any English-language guidelines identified that included
recommendations for IMD case and contact management were eli-
gible for inclusion in this review. This search was not date limited,
however only the most recent published version of each agency's
public health guidelines for the management of IMD cases and con-
tacts was assessed. One international body, the European Centre
for Disease Prevention and Control (ECDC), was also included as
they provide overarching public health guidance to non-English-
speaking European Union (EU) countries, that otherwise would not
be included in this review. All screening was conducted by a single
author. Any queries were discussed by the team of researchers, and
disagreement resolved by consensus.

Guidelines were assessed using a modified version of the
Appraisal of Guidelines, Research and Evaluation (AGREE II) Instru-
ment. The AGREE II Instrument is a pre-verified tool, designed
to ‘assess the quality of practice guidelines across the spectrum
of health, provide direction on guideline development, and guide
what specific information ought to be reported in guidelines’ [17].
The original AGREE II consists of 23 items, organised into six
quality-related domains: scope and purpose, stakeholder involve-
ment, rigour of development, clarity of presentation, applicability,
and editorial independence. Each item consists of a concept, for
example, ‘the recommendations are specific and unambiguous’
[18], which the assessor then rates on a scale of 1-7. A score of 7
indicates the concept is fully explained and articulated, and a score
of 1indicates a total absence of information. Item scores can then
be grouped by domain, indicating areas where guidelines may lack
clarity or purpose.

The AGREE II instrument was chosen for the present review
because of its focus on assessing the methodological rigour behind
the development and reporting of guidelines, rather than the valid-
ity of the recommendations themselves. It has been used in its
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Table 1
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Modified AGREE Il Instrument scores by domain and overall, for national and international guidelines (displayed in ascending order of year of publication).

Jurisdiction Year Domain scores Total score (out of
84)
Stakeholder Rigour of Clarity of Applicability (out
involvement (out development presentation (out of 14)
of 14) (out of 35) of 21)
Canada 2006 13 31 19 11 74
Europe (ECDC) 2010 14 35 21 12 82
Australia 2017 8 28 19 10 65
United States (US) 201 5 25 21 9 60
New Zealand 2018 75 20 20 10 57
United Kingdom (UK) 2018 11 34 21 13 79

original form to assess national and international guidelines in
many specialty fields of health, such as maternal [19,20], car-
diac [21], and respiratory health [22]. As all the guidelines being
assessed were written for the same purpose (public health man-
agement of IMD) and produced by public health staff or specific
government-funded working groups, the ‘scope and purpose’ and
‘editorial independence’ domains in the original instrument were
omitted. This left four domains, and twelve items in the modified
AGREE II instrument. The scoring system was retained, such that
each item was given a score between 1 and 7, with the item scores
summed according to domain. The number of items differs across
the four domains, with ‘stakeholder involvement' and ‘applicabil-
ity' each having two items (maximum possible score = 14), clarity
of presentation’ three items (maximum possible score = 21), and
‘rigour of development’ five items (maximum possible score = 35).
Item scores were summed and presented by domain, alongside an
overall score out of the maximum possible total of 84 for each set
of guidelines.

In addition to the AGREE II scoring, a direct comparison of
language used and recommendations for identification and man-
agement of close contacts between guidelines was conducted. This
comparison included each guideline’s definition of a close contact,
antibiotic recommendations, and vaccination recommendations
for close contacts.

Results

Public health guidelines from Australian [15], Canadian [23],
European [14], New Zealand [24], United States (US) [25], and
United Kingdom (UK) [26] health agencies were included (n = 6).
The results from application of the modified AGREE II instrument
to these six guidelines are shown in Table 1. All guidelines scored
highly (i.e. >75% of maximum possible domain score) in the ‘clarity
of presentation’ domain. Four guidelines scored highly in ‘rigour
of development’ (Canada, Europe, Australia, UK), and three scored
highly in ‘applicability’ and ‘stakeholder involvement' (Canada,
Europe, UK).

Overall, four guidelines - Canada, Europe, Australia, and the UK -
scored above 63/84 (75%). The European guidelines scored highest
overall when using the modified AGREE Il criteria (82/84), followed
by the United Kingdom (79/84). Both sets of guidelines clearly
showed the strength of the evidence behind each recommenda-
tion, included key information summaries within each section, and
addressed possible barriers and facilitators to guideline implemen-
tation. The Canadian and Australian guidelines were both clearly
written with key information summaries readily available through-
out the documents. However, the discussion around the strength
of the evidence was more limited in each of these guidelines, and
the Australian guidelines showed much less evidence of stake-
holder involvement. While clearly written, the US guidelines scored
60/84, reflecting that there was little discussion in these guide-
lines around stakeholder involvement and applicability. The New

Zealand guidelines scored lowest (57/84), with little in-depth dis-
cussion around any of the concepts that underpin the items in each
domain. Notably, there was no apparent trend in scores related to
their date of publication.

All guidelines emphasised the importance of prompt identifi-
cation and management of close contacts to minimize the risk of
additional cases of IMD. There was consistency across all guidelines
regarding the exposure period - 7 days before onset of symptoms in
the case to 24 h on effective antibiotic treatment - and on household
contacts qualifying as ‘close’ contacts, shown in Table 2.

Canada had the oldest published guidelines (2006) and the
broadest definitions for close contacts, including sharing drinks and
cigarettes as an indication of close contact. As seen in Table 2, three
out of the six guidelines included co-passengers (seated directly
adjacent to an IMD case on travel lasting longer than 8 h) to cases
as close contacts. All of these guidelines specified an 8 -h minimum
time and included any form of enclosed transport [15,23,24]. Only
Australia defined a minimum time of contact for childcare settings
(two full days or 20 cumulative hours in the same care group, based
on a 1981 study on secondary case rates after IMD outbreaks in Bel-
gian children [27]) [15]. Other guidelines left it to the discretion of
the public health officer [20] whether to include childcare contacts
as close contacts, or did not include childcare contacts at all [24,26].

With the exception of the US guidelines, vaccination was rec-
ommended for all unimmunised close contacts, provided the
disease-causing strain could be identified. European and Canadian
guidelines recommend vaccination ‘if a case of meningococcal dis-
ease iscaused by astrain that is preventable by an available licenced
vaccine’ [ 14]. Australian, UK and New Zealand guidelines specify A,
C, W, Y conjugate vaccines, and either do not discuss the use of
meningococcal B vaccination (Australia) or limit use to multiple
cases occurring in the same household (UK, New Zealand).

Each of the guidelines considered here recommended
Rifampicin, Ceftriaxone, and Ciprofloxacin for the elimination
of carriage (chemoprophylaxis) within close contacts. Two (US
and UK) guidelines also included Azithromycin as an additional
option. The European guidelines included Cefixime in addition
to Rifampicin, Ceftriaxone, and Ciprofloxacin. Dosages, recom-
mended age, duration, and cautions in usage were all identical
across the guidelines.

Discussion

This study has shown that guidelines with higher scores based
on the AGREE II Instrument clearly and critically assessed the
strength of the available evidence to make recommendations for
identification and management of IMD close contacts. Higher scor-
ing guidelines also detailed the potential risks, costs and benefits
of each recommendation. This is demonstrated by the European
and UK guidelines, both of which clearly identified and discussed
the strength of the evidence behind each recommendation. Other
guidelines, such as those produced by the US and New Zealand,
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Table 2

Journal of Infection and Public Health 14 (2021) 1069-1074

Summary of terminology, definition of “close contact” and recommendations for management in national and international public health guidelines.

Jurisdiction Year Terminology Close contact definition Antibiotic Vaccination recommendations
recommendations
Canada 2006 Close contacts Household Rifampicin, Ceftriaxone, Yes, if the contact is
Ciprofloxacin unimmunised and there is a
vaccine available for that
strain.
Co-sleepers
Direct contamination of
nose/mouth (e.g. shared
cigarettes/drinks, Kissing)
Healthcare workers?
Children and staff in
childcare/nursery settings
Co-passengers”
Europe (ECDC) 2010 Close contacts Household Rifampicin, Ceftriaxone, Yes, if the contact is
Ciprofloxacin, Cefixime, unimmunised and there is a
Azithromycin vaccine available for that
strain.
Pre-school (dependent on risk
assessment)
Australia 2017 Higher risk Household/household like Rifampicin, Ceftriaxone, A, C, W, Y conjugate vaccines if
contacts Ciprofloxacin contact is unimmunised,
4CMenB (Bexsero) vaccine only
if there is a second case of
serogroup B in the same
household.
Intimate Kissing/sexual
Child-care
Co-passengers
Healthcare workers
United States (US) 2011 Close contacts Household Rifampicin, Ceftriaxone, Not discussed.
Ciprofloxacin,
Azithromycin (if there is no
resistance to
fluoroquinolone)
Childcare centre contacts
“Anyone directly exposed to
oral secretions” (kissing,
mouth-to-mouth resuscitation,
intubation/tube management)
New Zealand 2018 Contacts Household Rifampicin, Ceftriaxone, MenACWY conjugate vaccine if
Ciprofloxacin contact is unimmunised,
Bexsero (meningococcal B) if
there is a multi-occupancy
outbreak
Bed/room sharing overnight
Co-passengers
Healthcare workers
“Other contacts as determined
on a case-by-case basis by the
medical officer”
United Kingdom (UK) 2018 Close contacts Household/household like Rifampicin, Ceftriaxone, MenACWY if contact cannot

Ciprofloxacin,

Azithromycin (for pregnant

women)

confirm immunisation in the
preceding 12 months, MenB
only if contact is atincreased
risk of meningococcal infection

@ Directly exposed to nasal secretions (e.g. mouth-to-mouth or intubation of a known IMD case).
b Seated directly adjacent to a known IMD case, for travel lasting longer than 8 h on an airplane, boat, bus, train or other enclosed transport.

had lower overall scores when they showed no clear link between
the evidence and recommendations given, did not provide explicit
recommendations, relied on limited evidence, or did not provide
information on possible barriers and facilitators to implementation
of guideline recommendations.

Public health staff require clear and accurate guidance in order
to effectively identify and reduce the risk of further IMD cases
arising from contacts of those cases [28]. Domains within those
guidelines with lower scores in the AGREE II Instrument indicate
areas where public health staff lack consistent and explicit guid-
ance on how to carry out their role concerning management of
close contacts. This could in turn make it more challenging for staff
to properly implement such guidelines when presented with a case
of IMD.

One important point to bear in mind is that the primary pur-
pose of the AGREE II Instrument is to assess the quality of the
underlying methodology and reporting of guidelines, and not the
assessment of the accuracy of any recommendations provided.
Therefore, the scores from evaluation according to the AGREE 1l
Instrument should also be considered within the context of the
findings from Table 2. Guidelines assigned higher scores using the
AGREE Il Instrument may not necessarily be providing the most up-
to-date or evidence-supported guidance. While recommendations
for antibiotic treatment were largely consistent across the guide-
lines assessed in the present review, information about vaccination
varied between countries. This is in part due to the publication date
of some guidelines. For example, the Bexsero meningococcal B vac-
cine, mentioned in Australian, UK and New Zealand guidelines, was
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only licenced in the UK in 2013, and has only been included in
the national immunisation programs of seven countries including
Australia [16] to date. The definition of a “close contact” was also
quite varied, and ranged from household and household-like con-
tacts alone [26] to household, household-like, sexual, child-care,
co-passengers and healthcare contacts [15].

In general, the development of guidance for the public health
management of a given communicable disease rests on a body of
evidence describing the aetiology and epidemiology of that disease.
Evidence may be derived from studies investigating many differ-
ent facets of the disease, including - but not limited to - causative
pathogen(s), symptom progression, transmission patterns and pop-
ulation prevalence. In the case of IMD, the ability of researchers
to study the life cycle and host interactions of N. meningitidis is
limited, largely due to its adaptation to human airways [5,29].
While mouse models can be used to model disease symptoms and
infection mechanisms, they require manual inoculation with the
bacterium, and are not well-suited to studying transmission pat-
terns [29]. Studies on the prevalence of asymptomatic carriage
have largely focussed on sub-populations already known to have
higher rates of carriage, and often utilize surveys and question-
naires to identify factors that may affect an individual's risk of
carriage [30-32]. Guideline recommendations are then based on
the generalised results of these population studies, in addition to
public health records of previous IMD clusters [28] and published
evidence on the transmission risk of similar bacterial pathogens
(e.g. tuberculosis) [33].

A 2016 study [34] of public health guidance for the manage-
ment of close contacts to IMD cases within EU countries discussed
the variation between country policies for identification and man-
agement of close contacts. The study is a repeat of a 2007 survey
[35], and indicated that following the publication of the ECDC
guidance in 2010, EU countries had adopted more evidence-based
public health guidance, that were better aligned with ECDC recom-
mendations. This indicates that while there is a somewhat limited
understanding of the risks affecting transmission of N. meningitidis,
it has become more widely accepted that to be at a higher risk of
transmission, acertain degree of close, sustained contactisrequired
[16,28,36,37].

While there was no clear link between AGREE Il scores and date
of guideline publication, definitions of close contacts did change
over time. For example, Canadian guidelines had the earliest pub-
lication date (2006) and the broadest inclusion criteria for close
contacts. More recent guidelines, such as those from the UK (2018)
or the US(2017), have a more restricted definition of a close contact
and had a stronger evidence base to support their recommenda-
tions.

The present review of guidelines was limited to high-income
and predominantly English-speaking countries. While all of the
included jurisdictions had a similar incidence of IMD, the disease
is rare in those areas [8]. EU countries were also grouped under
the ECDC guidance, as none of the individual member states had
publicly available English-language guidelines. The comparisons
published by Vygen et al. [34] and Hoek et al. [ 35] provided insight
on the similarities and differences between EU countries with
regards to their management of IMD case contacts, although adirect
assessment of individual EU countries public health guidelines was
not carried out in either of these studies. Another consideration in
interpreting the work presented here is that the AGREE II Instru-
ment is predominantly designed for the assessment of clinical
guidance. While it provided valuable insight into the development
and reporting of public health guidance around IMD prevention,
there are aspects of the guidelines assessed that the AGREE II
instrument does not cover. These include healthcare costs, rec-
ommendations for review of guidelines, methods for guideline
dissemination to public health staff, recommendations for audit,
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and assessment of guideline implementation. There are also con-
siderations for the assessment of clinical guidelines that are not
relevant to the assessment of public health guidelines. In our study,
this limitation was mitigated by the removal of the ‘Scope and
Purpose’ and ‘Editorial Independence’ domains from the original
AGREE Il Instrument.

COVID-19 management has, by necessity, streamlined the
process of translating evidence into public health policy (e.g.
mask wearing, hotel quarantine, lockdown strategies) [1,2].
While responses to the COVID-19 pandemic have reduced the
spread of IMD and other communicable diseases [4,38], they
have also impacted vaccination programs [3,39] and may nega-
tively impact outbreak management strategies. The current delay
between increased understanding of disease transmission and
actual implementation into public health guidance can have
direct and immediate consequences for individual and population
health.

Mechanisms for guideline development and review should
prioritize the identification of areas where guidelines may lack
clarity, be inconsistent, or have weak underlying evidence. This
information can then be used to improve the clarity and consis-
tency of public health recommendations. Guideline development
and revision should also be considered frequently within a
global context, ideally with the introduction of new vaccines or
vaccination programs, as it becomes increasingly evident that
inconsistent management of an infectious disease, either within
or between country jurisdictions, can hinder effective disease
management. Although conjugate meningococcal vaccines show
evidence of reduction in transmission [13], they do not affect
overall carriage rates [40]. As new vaccines are developed and
implemented in population-wide programs, guidelines for man-
agement of contacts need to be reviewed to ensure they remain
contemporaneous.

Conclusions

The present study has shown inconsistencies between higher-
income countries for the public health management of IMD case
contacts. Most notably, the definitions used to identify close con-
tacts differ between countries. Limited availability of evidence
surrounding the risk factors for transmission and disease develop-
ment amongst IMD case contacts, in addition to the lack of a widely
accepted process for guideline development and review, may be
contributing to these inconsistencies.

The facilitation of effective and multi-jurisdictional responses
to communicable disease outbreaks rests on global cooperation
and unified guidance. A pre-planned stage of international review
within the guideline development process, so as to promote the
consideration of recommendations for disease management put
forth by other jurisdictions, could be adopted to achieve this. This
process could be guided and implemented by internationally recog-
nised bodies such as the World Health Organisation or the ECDC.
Worldwide, responses to the COVID-19 pandemic demonstrate that
public health guidance can be updated rapidly as new informa-
tion is gleaned, and those changes can be quickly communicated to
relevant staff and the wider public.

Response to the COVID-19 pandemic has resulted in a level
of international cooperation that would have been considered
unachievable previously. This singular focus on disease prevention
can - and should - be carried forward into the management of IMD
and other communicable diseases. International collaboration for
guideline development and implementation must continue to be
the cornerstone of communicable disease response and manage-
ment.
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APPENDIX B — Modified AGREE Il appraisal tool
Guidelines were assessed against each of the 12 items listed below on a 7-point Likert

scale (1=

strongly disagree, 7 = strongly agree) as described by Brouwers et al. (2010)

Domain 1 — Stakeholder involvement

1. The views and preferences of the target population have been sought

a.

statement of type of strategy used to capture patients’/public’s’ views and
preferences (e.g., participation in the guideline development group, literature
review of values and preferences)

methods by which preferences and views were sought (e.g., evidence from
literature, surveys, focus groups)

outcomes/information gathered on patient/public information

description of how the information gathered was used to inform the guideline

development process and/or formation of the recommendations

2. The target users of the guideline are clearly defined

a.

clear description of intended guideline audience (e.g. specialists, family
physicians, patients, clinical or institutional leaders/administrators)
description of how the guideline may be used by its target audience (e.g., to

inform clinical decisions, to inform policy, to inform standards of care)

Minimum score = 2

Maximum score = 14

Domain 2 — Rigour of development

3. The guideline uses a range of sources as a foundation for recommendations

4. The strengths and limitations of the body of evidence are clearly described (e.g. evidence

rating, discussion in body text)

a. descriptions of how the body of evidence was evaluated for bias and how it was

b.

interpreted by members of the guideline development group

aspects upon which to frame descriptions include:
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i. study design(s) included in body of evidence s
ii. study methodology limitations (sampling, blinding, allocation concealment,
analytical methods)
iii. appropriateness/relevance of primary and secondary outcomes
considered
iv. consistency of results across studies
v. direction of results across studies
vi. magnitude of benefit versus magnitude of harm
vii. applicability to practice context
5. The methods for formulating the recommendations are clearly described
6. The health benefits, side effects, and risks have been considered in formulating the
recommendations

a. supporting data and report of benefits

i

supporting data and report of harms/side effects/risks

o

reporting of the balance/trade-off between benefits and harms/side effects/risks
d. recommendations reflect considerations of both benefits and harms/side
effects/risks
7. There is an explicit link between the recommendations and the supporting evidence (e.g.
citations in text, quoting specific articles)
a. the guideline describes how the guideline development group linked and used the
evidence to inform recommendations
b. each recommendation is linked to a key evidence description/paragraph and/or
reference list
c. recommendations linked to evidence summaries, evidence tables in the results

section of the guideline

Minimum score = 5

Maximum score = 35
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Domain 3 — Clarity of presentation

8. The recommendations are specific and unambiguous

a.

b.

statement of the recommended action

identification of the intent or purpose of the recommended action (e.g., to improve
quality of life, to decrease side effects)

identification of the relevant population (e.g., patients, public)

caveats or qualifying statements, if relevant (e.g., patients or conditions for whom

the recommendations would not apply)

9. The different options for management of the condition or health issue are clearly

presented

a.

b.

description of options

description of population or clinical situation most appropriate to each option

10. Key recommendations are easily identifiable

a.

b.

description of recommendations in a summarized box, typed in bold, underlined,
or presented as flow charts or algorithms

specific recommendations are grouped together in one section

Minimum score = 3

Maximum score = 21

Domain 4 — Applicability

11. The guideline describes facilitators and barriers to its application

a.

b.

identification of the types of facilitators and barriers that were considered
methods by which information regarding the facilitators and barriers to
implementing recommendations were sought (e.g., feedback from key
stakeholders, pilot testing of guidelines before widespread implementation)
information/description of the types of facilitators and barriers that emerged from

the inquiry (e.g., practitioners have the skills to deliver the recommended care,
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sufficient equipment is not available to ensure all eligible members of the

population receive mammography)

d. description of how the information influenced the guideline development process

and/or formation of the recommendations

12. The guideline provides advice and/or tools on how the recommendations can be put into

practice

a. animplementation section in the guideline

b. tools and resources to facilitate application:

iv.

V.

Vi.

guideline summary documents

links to check lists, algorithms

links to how-to manuals

solutions linked to barrier analysis (see Iltem 11)

tools to capitalize on guideline facilitators (see Item 11)

outcome of pilot test and lessons learned

c. directions on how users can access tools and resources

Minimum score = 2

Maximum score =

14

Total minimum score =12

Total maximum score = 84
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APPENDIX C - SA Health ethics approval letter

Health

Department for

Government >
of South Australia | Health and Wellbeing

SA Department for Health and Wellbeing
Human Research Ethics Committee

Citi Centre Building
Level 5, 11 Hindmarsh Square
Adelaide SA 5000

PO Box 287, Rundle Mall

Adelaide SA 5000
22 January 2020 e X 243

Tel 0882267702
health.humanresearchethicscommittee@sa.gov.au

Dr Adriana Milazzo
Discipline of Public Health
L7 Terrace Towers

178 North Tce

Adelaide SA 5000

HREC study number: HREC/19/SAH/8
Amendment reference number: HREC/19/SAH/8-AM02
Project title: Characterization of close contacts of cases diagnosed with Invasive Meningococcal Disease

Dear Dr Milazzo
RE: HREC/19/SAH/8-AMO02 - Project Amendment - Approval

Thank you for submitting an amendment request on 16™ December 2019 in relation to the above project
for ethical and scientific review.

This information was considered by a sub-committee of the SA Department for Health and Wellbeing
Human Research Ethics Committee (HREC) on 13" January 2020.

The additional information received 17 January 2020 was then considered by the chair of the SA
Department for Health and Wellbeing Human Research Ethics Committee (HREC) on 20" January
2020.

| am pleased to advise that your submission has been granted full ethics approval and meets the
requirements of the NHMRC National Statement on Ethical Conduct in Human Research and the
Australian Code for the Responsible Conduct of Research.

The documents reviewed and approved include:

Document Version Date

Notification of Amendment:
Request to (1) Add New Investigators, (2) Add NMA Study
Sites, (3) Change Focus Groups to Interviews, (4) Revise

- 16 December 2019

Survey
Protocol 50 16 December 2019
Appendix G - Invitation Email: Survey 2 16 December 2019
Appendix H - Participant Information Sheet & Consent Form: |3
Survey
Appendix | - Invitation Email: Interview 2 16 December 2019
Apendix J - Participant Information Sheet & Consent Form: 3 16 December 2019
Interview
Appendix L - Follow-up Email: Survey 2 16 December 2019
Appendix M - Follow-up Email: Interviews 2 16 December 2019
Appendix O - Survey 2 16 December 2019

For Official Use Only-11-A1
Page 10f 3
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Appendix P - Interview Schedule 2 16 December 2019

Response to Request for Further Information: Cover letter - 17 January 2020

Next Annual Progress Report Due: 10 July 2020

Site(s) covered by this Ethics Approval:
e SA Department for Health and Wellbeing
NSW Ministry of Health
QLD Department of Health
VIC Department of Health and Human Services
WA Department of Health

You are reminded of the terms under which Ethical approval is granted:
e ltis noted that the SA Aboriginal Health Research Ethics Committee (AHREC) has not reviewed
this study as the researchers have indicated analysis on indigeneity will not occur for this study.
Should this change, the DHW HREC must be notified prior to this occurring, and the AHREC
must be contacted to discuss ethical review requirements.
e The research must be conducted in accordance with the NHMRC National Statement on Ethical
Conduct in Human Research.
e Confidentiality of the research subjects shall be maintained at all times as required by law.
e A progress report, at least annually, must be provided to the HREC.
e Researchers are required to immediately report to the HREC anything which might warrant
review of ethical approval of the protocol, including:
serious or unexpected adverse events;
formal complaints from participants;
protocol deviations or violations;
proposed changes to the protocol or study documentation before they are implemented;
proposed changes to the study investigators;
new study documentation; and
unforeseen events that might affect continued ethical acceptability of the project.
e Any proposed changes to the original proposal must be submitted to and approved by the
HREC before they are implemented.
e If the project is discontinued before its completion, the HREC must be advised immediately and
provided with reasons for discontinuing the project.
e A report and a copy of any published material should be forwarded to the HREC at the
completion of the project.
e Study data is to be retained in accordance with the State Records Act 1997.

@~oao0oTp

Site Specific/Governance Approval:

Your amendment request may also require modification to your Site Specific Assessment (SSA)
approval, please contact the relevant Research Governance Officers for the institutions of which are
covered by this HREC approval (listed above) to discuss whether this amendment needs their review
before being implemented.

For Official Use Only-11-A1
Page 2 of 3
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Should you have any queries about the HREC’s consideration of your project please contact the HREC
Executive Officer on phone 08 82267702 or email HealthHumanResearchEthicsCommittee@sa.gov.au

Yours sincerely

q ﬁ'u-u“\ anoh - Moy e,
g -

Prof Annette Braunack-Mayer
Chair, Human Research Ethics Committee
SA Department for Health and Wellbeing

ABM:psb
cc Research Governance Officer, SA Department for Health and Wellbeing (DHW)
NSW Ministry of Health
QLD Department of Health
VIC Department of Health and Human Services
WA Department of Health

For Official Use Only-11-A1

Page 3 0of 3
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APPENDIX D — Supplement 1: Search Terms

PUBMED

Meningitis, Meningococcal
[mh:noexp] OR
Meningococcal [tiab] OR
IMD [tiab]

Disease Outbreaks [mh] OR
Disease Outbreak* [tiab] OR
Outbreak* [tiab] OR

Cluster* [tiab] OR
Community outbreak* [tiab]
OR

Organisational outbreak*
[tiab] OR

Organizational outbreak*
[tiab] OR

Management Case Stud*
[tiab] OR

Organizational Case Studies
[mh] OR Organizational
Case Stud* [tiab] OR
Organisational Case Stud*
[tiab] OR

Epidemics [mh:noexp] OR
Epidemic* [tiab]

Contact Tracing [mh] OR
Contact Tracing [tiab] OR
Tracing, Contact [tiab] OR
Communicable Disease
Control [mh] OR
Communicable Disease
Control [tiab] OR

Disease response [tiab] OR
Outbreak response [tiab] OR
Public Health Practice
[mh:noexp] OR

Public Health Surveillance
[mh] OR

Public Health Surveillance
[tiab] OR

Surveillance [tiab]

EMBASE

IMD

Outbreaks

Response

‘Meningococcosis’/exp OR
‘meningococcal disease’:ti,ab
OR

‘Neisseria meningitidis’/exp
OR

‘neisseria meningitidis’:ti,ab
OR

‘meningococcal
infection*’:ti,ab OR
‘meningococcal disease®:ti,ab

‘disease outbreak™*’:ti,ab
OR

‘epidemic’/exp OR
‘epidemic*:ti,ab OR
‘Community
outbreak®:ti,ab OR
‘Organisational
outbreak®:ti,ab OR
‘Organizational
outbreak®’:ti,ab OR
‘Management Case
Stud*’:ti,ab OR
‘Organizational Case
Stud*’:ti,ab OR
‘Organisational Case
Stud®’:ti,ab

‘contact examination’/exp
OR

‘contact examination’:ti,ab
OR

‘contact tracing’:ti,ab OR
‘contact detection’:ti,ab OR
‘communicable disease
control'/exp OR

‘public health’’exp OR
‘community health’:ti,ab OR
'disease surveillance'/de
OR

‘disease surveillance’:ti,ab
OR

'‘public health service'/de
OR

'public health care’:ti,ab
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APPENDIX E — Supplement 2: Data extract summary sheets

Sheet 1: Study Details

STUDY ID
Bassi 2017

Capitano 2019

Cartwright 1986

Centers for
Disease 2012

Chow 2016

Title

A cluster of invasive
meningococcal disease
(IMD) caused by Neisseria
meningitidis serogroup W
among university students,
France, February to May
2017

Experience implementing a
university-based mass
immunization program in
response to a
meningococcal B outbreak

An outbreak of
meningococcal disease in
Gloucestershire

Outbreak of meningococcal
disease associated with an
elementary school -
Oklahoma, March 2010

Invasive Meningococcal
Meningitis Serogroup C
Outbreak in Northwest
Nigeria, 2015 - Third
Consecutive Outbreak of a
New Strain

Study details
Description of two linked
cases 3 months apart,
treatment, outcomes &
public health response
to prevent further
spread

Description of
meningococcal B
outbreak at the
University of Oregon &
subsequent mass
vaccination campaign

Description of outbreak
in Gloucester Health
District in SW England.
Historic study (1981)
and pre-vaccine
availability.

Description of outbreak
in a consolidated school
district in North-East
Oklahoma of 1,850
students

Medecins sans
frontieres (MSF) report
on the third successive
outbreak of menc in
Nigeria, 2015

Introduction
No comment

No comment

No comment

No comment

No comment

Methods
No comment

Start and finish dates
not included, data on
case investigations not
included.

No comment

No comment

No comment

Results

Epidemic curve,
summary of
complications included.
Population size and age
range of cases unclear

Limited demographic
information recorded on
cases (possible
identifiable data?).

Good summary of all
important details, map,
demographic table,
epidemic curve etc all
included

No comment

No comment

Discussion
No comment

Good discussion of
weaknesses re. Data
collection and ability to
measure completion of
coverage

Good summary of
recommendations and
possible future
implementation in other
outbreaks.

Discussion re. Lack of
guidelines

Not much
identification/discussion
of weaknesses - fairly
straightforward premise
though

Appendices | 100



STUDY ID
Delisle 2010

DeSchrijver 2003

Doedeh 2017

Flood 2021

Haelterman 1996

Title

Community outbreak of
group B meningococcal
disease in southwest
France - December 2008 to
September 2009

An outbreak of serogroup C
meningococcal disease in
the province of Antwerp
(Belgium) in 2001-2002

Rapid Field Response to a
Cluster of llinesses and
Deaths - Sinoe County,
Liberia, April-May, 2017

Lessons from a community
vaccination programme to
control a meningococcal
disease serogroup W
outbreak in remote South
Australia, 2017

Impact of a mass
vaccination campaign
against a meningitis
epidemic in a refugee camp

Study details
Description of outbreak
investigation and
response

Describing increase in
attack rate of
meningococcal C
disease in 2001 in
Antwerp, Belgium, by
comparison with
neighbouring region and
years immediately
before/after (2000 &
2002)

Description of response
to cluster of unknown
illness in Sinoe County,
Liberia.

Description of
community vaccination
program in response to
IMD outbreak in a
regional Indigenous
Australian community

Comparison of IMD
incidence between two
refugee camps with
differing vaccination

Introduction
No comment

Location unclear -
border between Mobile
& Washington county,
population size not

given

No comment

No comment

No comment

Methods
No comment

No comment

No comment

No comment

Good description of
contacts - includes
numbers and
management practices

Results

Good figures, include
epidemic curve &
summary of cases in
detail.

No information on
complications given,
complete time, person,
place recorded

Attack rate presented in
map, no overall AR
given. Population
summary and
demographic
information good but
limited by data collection
abilities.

Summary of cases
given in table, some
demographic data
included, gender not
reported on. Information
on complications
reported on in text.

No attack rate included,
details on age and
gender of cases not

Discussion

Address limitations of
only MSF data - likely
under reporting
outbreak size, inability
to test/confirm all cases
so need to rely on
probable diagnosis.

Good discussion re.
Difficulty of proving
efficacy, good record of
decision-making
process re. Community
wide chemoprophylaxis

Possible underreporting
of cases by a factor of
at least 10 - poor
reporting and
surveillance structures
in place

Good description of
response and decision-
making process for
defining outbreak and
population at risk

No comment
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STUDY ID

Jacobson 1977

Kanai 2017

Krause 2002

Title

An epidemic of disease due
to serogroup B Neisseria
meningitidis in Alabama:
report of an investigation
and community-wide
prophylaxis with a
sulfonamide

Outbreak of Neisseria
meningitidis capsular group
W among scouts returning
from the World Scout
Jamboree, Japan, 2015

Mass vaccination campaign
following community
outbreak of meningococcal
disease

Study details

times in Zaire, Africa to
assess the impact of
vaccination of IMD
prevention

Description of outbreak
identification and
response, case-control
studies used to identify
groups at risk and to
assess carriage after
mass-
chemoprophylaxis.

Descriptions of
meningococcal W
outbreaks at 2015 World
Scout Jamboree (WSJ)
& subsequent spread to
home countries

Assessment of mass-
vaccination campaign in
Florida, United States,
to control a community
outbreak of
meningococcal disease

Introduction

Good description of
community, region &
population affected

No comment

Methods

Information re. Case
investigations and
management not given

No comment

Case definitions not
clear, overall number of
suspected vs confirmed
cases not clear

Results
included (poss
identifying?)

Time, person, place not
given - no summary of
case demographics
given (age, gender,
complications other than
the one fatality) main
focus is on the
vaccination campaign
but information there is
also not well organised.
Supplement figure with
timeline is illegible.

No summary table
included on cases -
demographics such as
age, gender etc but
adequate detail given in
text. Better identification
of population and
spread than some later
published papers.

Case summaries given
with different
denominators (CFR out
of clinically suspect
cases not actual case
numbers) timeline
unclear. Demographics
unclear.

Discussion

Good communication of
recommendations and
barriers to student
uptake, limited
information re. Missing
case information

Good recommendations
and summary of
weaknesses re. Testing
and notification.

Limited discussion of
weaknesses/missing
data.

Appendices | 102



STUDY ID
Kriz 1995

Kushwaha 2010

Masterton 1988

Mohammed 2000

Mounkoro 2019

Nnadi 2017

Title

Targeted vaccination with
meningococcal
polysaccharide vaccine in
one district of the Czech
Republic

Outbreak of Meningococcal
Infection amongst Soldiers
Deployed in Operations

Control of an outbreak of
group C meningococcal
meningitis with a
polysaccharide vaccine

A severe epidemic of
meningococcal meningitis
in Nigeria, 1996
Neisseria meningitidis
Serogroup W Meningitis
Epidemic in Togo, 2016

Large Outbreak of
Neisseria meningitidis
Serogroup C - Nigeria,
December 2016-June 2017

Study details
Comparison between
two neighbouring
districts during a
meningococcal C
outbreak, one which
received mass
vaccination and one
which didn't. Authors
have also compared
pre-& post vaccination
case numbers to assess
the effectiveness of
mass vaccination.
Description of outbreak
in army barracks during
deployments

Description of
management of an
outbreak in royal air
force recruits at a
training camp in
England

Description of outbreak
and subsequent
vaccination campaign
Description of the first
large menw outbreak in
Togo, Africa

Description of outbreak
investigation and
response

Introduction
No comment

No comment

No comment

No comment

No comment

Methods
No comment

No comment

No comment

No comment

No comment

Results
No comment

Presented as a series of
individual case
summaries? No overall
summary of cases and
demographics given

AR not reported, other
reporting good

AR not reported for first
year of outbreak

Timeline included but
difficult to read, AR not
reported, focus on
description of response
over outbreak
Demographics reported
on, transmission chain
and epidemic curve
included

Discussion
No comment

No comment

Discussion of
weaknesses re. Testing
availability in rural
areas, strong
recommendations

No comment

No comment

Strong
recommendations
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STUDY ID
Peltola 1978

Perrett 2000

Pivette 2020

Reintjes 2002

Title

Vaccination against
meningococcal group A
disease in Finland 1974-75

Outbreak of meningococcal
disease in Rotherham
illustrates the value of
coordination,
communication, and
collaboration in
management

Targeted vaccination
campaigns of teenagers
after two clusters of B
invasive meningococcal
disease in Brittany, France,
2017

Detection and response to
a meningococcal disease
outbreak following a youth
football tournament with
teams from four European
countries

Introduction
No comment

Study details

A) epidemiology of
meningococcal A
epidemic in Finland from
1973-76, specifically the
final years &
implementation of a
mass meningococcal A
vaccination program

B) description of vaccine
effectiveness studies to
assess the usefulness
of meningococcal A
polysaccharide vaccines
to prevent mena
disease

Description of outbreak
investigation and
response

No comment

Description of outbreak No comment
and subsequent

vaccination campaign

Description and No comment
assessment of multi-

country outbreak of

meningococcal disease

arising from a youth

football tournament

Methods
No comment

Unclear that the paper is
reporting specifically on
a meningococcal C
outbreak in 2001,
compared to other
serotypes/preceding/foll
owing years

No comment

No comment

Results Discussion
Map included, summary No comment
table included, flowchart

of decision-making

process included

No comment No comment

Epidemic curve No comment
included, time, person,

place details included

but limited. Information

on complications not

included

No comment No comment
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STUDY ID
Ritscher 2019

Round 2001

Rude 2019

Santaniello-
Newton 2000

Sekiya 2021

Title

Meningococcal serogroup B
outbreak response
University of Wisconsin-
Madison

Public health management
of an outbreak of group C
meningococcal disease in
university campus residents

Rapid response to
meningococcal disease
cluster in Foya district, Lofa
County, Liberia January to
February 2018

Management of an
outbreak of meningococcal
meningitis in a Sudanese
refugee camp in Northern
Uganda

Serogroup B invasive
meningococcal disease
(IMD) outbreak at a
Japanese high school
dormitory: An outbreak
investigation report from the
first IMD outbreak in
decades

Study details
Summary of
meningococcal B
vaccination response to
a university outbreak

Carriage & case/control
study conducted
alongside case
investigation

Summary of response to
cluster of serogroup W
disease in Liberia

Description of outbreak
investigation and
response

Epidemiological
investigation and
response to dormitory
outbreak, includes case-
control study of carriage

Introduction
No comment

No comment

No comment

No comment

No comment

Methods

Presented as pre- and
post-vaccination,
instead of single
outbreaks assessed at
diff time periods

No comment

No comment

No comment

No comment

Results

Information given in text,
no clear summary made
in table/figure format

Epidemic curve,
summary tables, only
didn't report on age
range and complications
- fair for an outbreak of
this size

No comment

Good summary of
cases, demographic
information included,
summary of response
included

No comment

Discussion
No comment

No comment

Focus on operational
aspects - missing from
other outbreak reports,
discussion of evidence
re decision making
process & difficulty of
identifying at-risk groups
etc

Strong
recommendations for
future international
outbreaks included

Comment on dearth of
evidence for
recommendations &
need for unified
guidance
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STUDY ID
Stewart 2013

Sudbury 2020

Thabuis 2018

Chacon-Cruz
2014

Iser 2012

Sanogo 2019

Title

Public health action and
mass chemoprophylaxis in
response to a small
meningococcal infection
outbreak at a nursery in the
West Midlands, England
Case Manifestations and
Public Health Response for
Outbreak of Meningococcal
W Disease, Central
Australia, 2017

Community outbreak of
serogroup B invasive
meningococcal disease in
Beaujolais, France,
February to June 2016:
from alert to targeted
vaccination

An outbreak of serogroup C
(ST-11) meningococcal
disease in Tijuana, Mexico

Outbreak of Neisseria
meningitidis C in workers at
a large food-processing
plant in Brazil: challenges
of controlling disease
spread to the larger
community

A New Sequence Type of
Neisseria meningitidis
Serogroup C Associated

Study details
Description of outbreak
investigation and
response

Retrospective review of
menw cases treated by
the Alice Springs
Hospital paediatric
service during July-
December 2017.

Description of detection
and response to 2
clusters of 2 cases

Investigation of an
outbreak in Tijuana,
Mexico

Retrospective
description of outbreak
in a food processing
plant and control
measures

Retrospective
investigation of a large-
scale meningococcal C
outbreak in Mali

Introduction
No comment

No comment

Setting unclear from first
read - multiple
readthroughs required
to ID city of Dax as
affected area

Good summary of
setting, population and
current public health
management

No comment

No comment

Methods

No comment

No comment

No comment

No comment

No comment

No comment

Results

Epidemic curve, case
demographics included,
age range not reported,
AR included

Presented as two case
descriptions, no
combined or overall
summary of cases
given. No AR reported.
Good summary table of
timeline

Cases grouped by age,
minimal information on
complications and
hospitalizations included

Epidemic curve
included, time, person,
place details included
and contact between
cases reported on.
Good summary of public
health interventions.
Epidemic curve
included, attack rates
reported, time, person,
place data recorded in
detail

Total number of cases
difficult to identify, timing
of cases unclear,
epidemic curve

Discussion
Clear recommendations

Summary of
recommendations made

No clear
recommendations
made, but not really
necessary. Interesting
discussion re. Nightclub
as shared exposure
site.

No comment

Discussion of limitations
of response, summary
of future
recommendations

No comment
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STUDY ID

Sidikou 2016

Title
With a 2016 Meningitis
Outbreak in Mali

Emergence of epidemic
Neisseria meningitidis

serogroup C in Niger, 2015:

an analysis of national
surveillance data

Study details

Description of nmc
outbreak in Niger, Africa

Introduction

No comment

Methods

No comment

Results
included, AR not
reported

Somewhat limited
description of public
health response

Discussion

No comment
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Sheet 2: Outbreak Details

STUDY ID

Bassi 2017

Capitano
2019

Cartwright
1986

Centers for
Disease
2012

Chow 2016

Delisle 2010

DeSchrijver
2003

Outbreak
comments

Outbreak still
continuing at time of
writing - 9 additional
cases and 1 fatality
recorded in the
second quarter of
1986

spread described as
moving through
discrete community
groups w/in districts
Two additional
students
hospitalized with
fever and rash but
laboratory results
cleared them of N.
Meningitidis
infection

Highest proportion
(48%) of cases in
individuals aged 5-
14 years

Region

Europe

North
America
Europe

North
America

Africa

Europe

Europe

Setting

Educational -
University

Educational -
University
Community -
urban

Educational -
day-care

Community -
rural

Community -
Urban
Community -
Urban

Serotype

w

Duration
(days)

89

120

1612

21

118

274

334

Season &
year

Spring 2017

Winter/
spring 2015
N/a 1981

Spring 2010

Dry season
2015

N/A 2008

N/A 2001

No.
cases

65

6394

11

74

Populatio
n size

1,000.0

22,950.8

301,537.0

1,850.0

2,267,375.

9

123,595.5

1,637,362.

6

Attack
rate (per
100,000)

200.0

30.5

21.6

270.3

282.0

8.9

4.5

95%
Cl

lower

2423

12.26

16.64

87.81

275.1

4.44

7.7

95% CI
upper

720.58

62.83

27.47

629.58

288.99

15.92

10.68

AR Case
Given fatality
in rate
study?

N 50.00%
Y 14.29%
Per 3.00%
year

Primary 40.00%
only

Y 5.02%
Y 9.09%
Y 9.46%
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STUDY ID

Doedeh
2017

Flood 2021

Haelterman
1996

Jacobson
1977
Kanai 2017

Krause 2002

Kriz 1995

Outbreak
comments

2 cases of IMD
serotype W, 1 case
of meningococcal

conjunctivitis

Region

Africa

Oceania

Africa

North
America
Asia

North
America
Europe

Setting

Event - Local

Community -
Remote

Refugee
Camp

Community -
Urban

Event -
International

Community -
Urban
Community -
Urban

Serotype

UKN

Duration
(days)

62

62

396

395

Olomouc:

240 days
Bruntal
531 days

Season &
year

Spring 2017

Summer
2016

Dry season
1994

N/A 1974

Summer
2015

N/A 1998

Spring 1993

No.
cases

Kibumb
a: 162
Katale:
137

16

6(2
Scotlan
d 4
Swede
n)

12

Olomou
c:9
Bruntal:
15

Populatio
n size

102,389.1

3,703.7

Kibumba
171,975
Katale
102,468

80,000.0

30,769.2

33,000.0

Olomouc
52980
Bruntal
55556

Attack
rate (per
100,000)

264

54.0

Kibumba:

94.2
Katale:
133.7

20.0

19.5

36.4

Olomouc
16.99
Bruntal
23.40

95%
Cl
lower

17.38

6.54

Kibu
mba:
81.0
Katal

117.1
1143

7.16

18.79

Olom
ouc:
7.77
Brunt
al:
12.46

95% CI
upper

38.36

194.91

Kibumb
a:

108.92
Katale:
152.04

32.48

42.44

63.51

Olomou
c:
32.25
Bruntal:
40.01

AR Case

Given fatality

in rate

study?

N 37.04%

Y 0.00%

Y Kibumba
8%
Katale:
3%

Y 31.25%

Y 0.00%

Primary 16.67%

only

Pre-- UKN

vacc

only
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STUDY ID

Kushwaha
2010

Masterton
1988

Mohammed
2000
Mounkoro
2019

Nnadi 2017

Peltola 1978

Perrett 2000

Outbreak
comments

Focal outbreak
consisted of 10
cases over 19 days,
followed by further
sporadic cases up
until may.
Clustering observed
around shared
training
establishment.

7,140 cases
occurred in Zamfara
state, 56 Local
Government Areas
(Igas) hit alert
threshold, 36 met
epidemic threshold

Suspected
connection of party
attendance/drink
sharing for initial
cases, expanded to
friendship group
after third case

Region

Asia

Europe

Africa
Africa

Africa

Europe

Europe

Setting

Army
barracks

Army
barracks

Community -
Rural
Community -
Rural
Community -
Rural

Community -
Urban

Community -
urban

Serotype Duration

A

w

C

A

C

(days)

114

91

182
176

184

1460

Season &
year

Winter 2006

UKN 1986

Dry season
1996
Dry season
2016
Dry season
2016

N/A 1973

Winter 1998

No.
cases

17

109,58
1995

14,518

1,527

Populatio
n size

2,976.0

1,292.0

UKN

2,531,725.

9
UKN

4,705,091.

1

Ukn

Attack
rate (per
100,000)

571.2

309.6

UKN
78.8

UKN

32.5

Ukn

95%
Cl

lower

333.1
1

84.42

75.38

30.85

95% CI
upper

913.03

790.78

82.33

34.12

AR Case
Given fatality
in rate
study?

N 11.76%
N 0.00%
N 10.69%
Y 6.40%
N 8.00%
N UKN

N 25.00%
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STUDY ID

Pivette 2020

Reintjes
2002

Ritscher
2019

Round 2001

Rude 2019

Santaniello-
Newton
2000

Sekiya 2021

Stewart
2013

Sudbury
2020

Thabuis
2018
Chacon-
Cruz 2014

Outbreak
comments

2 cases notified
within days of each
other, third case
occurred after start
of mass-vaccination

campaign

2 additional menw
cases in adults, 1

meny and one

nonsubtypeable

Region

Europe

Europe

North
america

Europe

Africa

Africa

Asia

Europe

Oceania

Europe

North
America

Setting

Community -
Urban

Event -
International

Educational -
university

Educational -
University

Community -
Rural
Refugee
Camp

Educational -
HS Dorm
Educational -
Daycare

Community -
Remote

Community -
Urban
Community -
Urban

Serotype Duration

w

A

B

B

w

B

C

(days)

121

229

23

47

30

372

28

153

59

Season &
year

Winter/spring
2016
Summer/wint
er 1997

Autumn
2016

Autumn
1996

Dry season
2017

N/A 1994
Spring 2011

Summer
2010

Spring 2017

Spring 2016

Winter 2013

No.
cases

[8)]

24

19

Populatio
n size

78,125.0

1,300.0

29,527.6

750.0

1,325.2

97,000.0

454.5

176.0

220,183.5

17,777.8

1,775,700.

9

Attack
rate (per
100,000)

6.4

384.6

10.2

800.0

679.1

300.0

1100.0

1704.5

10.9

225

1.1

95%
Cl
lower

2.08

125

2.1

2941

311.0

266.5

357.7

352.9

6.98

6.13

0.064

95% CI
upper

14.93

895.26

29.69

1733.0

1285.4

336.46

2545.7

4900.3

16.22

57.6

0.167

AR Case
Given fatality
in rate
study?

Y 0.00%
N 40.00%
N 0.00%
N 28.57%
Y 44 .40%
Y 14.43%
Y 20.00%
N 0.00%
Y 0.00%
Y 0.00%
Y 36.80%
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STUDY ID

Iser 2012

Sanogo
2019
Sidikou
2016

Outbreak
comments

Majority of cases
directly associated
(workers at) or
indirectly associated
(contacts of
workers) with food
processing plant

Region

South
america

Africa

Africa

Setting

Organisation
al

Community -
Rural
Community -
Rural

Serotype Duration

C

C

(days)

147

58

180

Season &
year

Dry season
2008

Dry season
2016
Dry season
2015

No.
cases

39

9367

Populatio
n size

133,333.3

215,827.3

18,511,857
N7

Attack
rate (per
100,000)

12.0

18.1

50.6

95%
Cl
lower

0.068

0.128

49.57

95% CI
upper

0.195

0.247

51.62

AR Case
Given fatality
in rate
study?

Y 31.00%
N 15.38%
Y 5.90%
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Sheet 3: Response Details

STUDY ID
Bassi 2017

Existing public health
measures/Protection
Notifiable, contact tracing
conducted immediately after
notification. Vaccination and
chemoprophylaxis of close
contacts recommended,
menacwy vaccine available in
france at this time

Description of public
health response
Contact tracing,
vaccination &
chemoprophylaxis of
close contacts, university
vaccination campaign
after second case
regional public health
authority organised wide-
spread vaccination
campaign after the
second case. Two
rounds of vaccination
organised between 1-9
june, total of 186
students vaccinated (out
of ~350 summer
students, ~1,000
university students
overall).

No. contacts receiving
antibiotics
32 recommended

No. contacts Community
vaccinated vaccination
Case 1: 6/17 186
received vaccine

who were

recommended

case 2: 3/8

received vaccine

who were

recommended (5

vaccinated

previously)

Recommendations/lessons
learnt

No clear epidemiological link
between cases - indicates
bacteria was spread through
asymptomatic carriers w/in
university community despite
chemoprophylaxis. Comment re.
Strain lineage - appears to be
highly virulent & transmissible
uncommon presentation of
second case (gi symptoms)
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STUDY ID
Capitano 2019

Existing public health
measures/Protection
Standard protocol of
identification and notification
of contacts, chemo
prophylaxis and university-
wide communication
campaigns implemented for
each case.

Planning meetings held after
case 2

met cdc threshold for
outbreak after third case (3
confirmed or probable cases
within the same serogroup
within 3months with an attack
rate of 10 cases per 100,000)
but was not declared an
outbreak as cases 2 &3 were
close contacts

outbreak declared after case
4 resulted in fatality, menb-
fhbp and menb-4c recently
given accelerated fda
approval in response to other
university outbreaks of menb
but not included in any regular
vaccination programs at time
of outbreak

advisory committee on
immunization practices
recently published
recommendations at category
b for menb vacc in all
individuals aged 16-23 years

Description of public
health response
Menb-fhp chosen after
consultation with local
pharmacies &
partnership deal to
ensure vaccine could be
invoiced to insurance (to
reduce barriers to
vaccination)

university & pharmacy-
based vaccination clinics
run throughout year
following outbreak
emails sent to students,
staff, faculty & parent
assosc. Outlining signs &
symptoms of menb
alongside preventative
measures

food & gift incentives
offered to encourage
student vaccination
uptake

No. contacts receiving
antibiotics
Ukn

No. contacts
vaccinated
Ukn

Community
vaccination
14665

Recommendations/lessons
learnt

Recommendation for ongoing
vaccination programs for
incoming students (instead of a
reactive campaign)
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STUDY ID
Cartwright 1986

Centers for
Disease 2012

Existing public health
measures/Protection
Notification at time of
outbreak limited to cases with
meningitis, 11% (7/65) cases
presented as septicaemic
without meningitis - not
notifiable. Of the notifiable
cases only 57% were notified
no definable closed
community available so mass-
prophylaxis and swabbing
(carriage testing) were not
conducted however some
swabbing showed a low
carriage indicating either high
virulence & low
transmissibility or low
virulence and high
transmissibility w/ a low
carriage duration, no vaccine
available at time of outbreak
Notifiable, surveillance
conducted and
chemoprophylaxis offered to
all close contacts

after 4 cases notified within
48 hours outbreak control
measures were initiated,
existing vaccination available
for serotype C, majority of
cases were between 5-7
years and not considered at
risk so vaccination is not
routinely recommended

all five cases had not been
previously vaccinated

Description of public
health response
Informal notification
system established
between hospital staff,
laboratory staff and
advisory group

kissing and household
contacts for each case
were given rifampicin
chemoprophylaxis on
confirmation of diagnosis
gps recommended to
give antibiotics to any
suspected cases before
arranging hospital
admission - only
recorded for 6 cases

Mass chemoprophylaxis
initiated after the
notification of 4 cases
within 48 hours - initially
targeted at 443
elementary students, 50
faculty & case close
contacts

intramuscular ceftriaxone
chosen for ease of
delivery and single-dose
requirement

after additional deaths
and notifications
eligibility for
chemoprophylaxis
extended to older
students - 400 additional

No. contacts receiving
antibiotics
Ukn

1063

No. contacts
vaccinated
N/a

Community
vaccination

N/a

1459

Recommendations/lessons
learnt

Recommendation that all
meningococcal disease be
notifiable (even in absence of
meningitis)

suggestion of a link between lab
and public health staff to assist
with ease of reporting
recommendation that all isolates
be serotyped to monitor
epidemiology of disease

Mass chemoprophylaxis
effective when promptly
delivered - vaccination was only
recommended when cases were
starting to appear outside the
initial at-risk group
considerations re. Funding -
state funds only covered 25% of
the vaccines purchased - ACIP
and Vaccines For Children
(VCF) funds were used to
purchase the majority of the rest
of the doses
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STUDY ID

Chow 2016

Existing public health
measures/Protection

Notifiable, active surveillance,
vaccination and
chemoprophylaxis
recommended for contacts,
existing menafrivac campaign
in region (meningococcal A
conjugate)

104 cases (2%) recorded
receiving menacwy previously
during the reactive
vaccination campaign

Description of public
health response
contacts

after notification of a
case in a high-school
student classes &
extracurriculars were
cancelled & mass
vaccination
recommended for all
students, faculty and
staff in the district

MSF-supported mass
vaccination campaign
held in weeks 9, 11 &16
in Kebbi; 12,13,10 in
Sokoto

additional vaccination
round reported in Kebbi
state, but not reported on
here. Second round of
vaccination reported on
in Sokoto state, also not
reported on here.

No. contacts receiving
antibiotics

UKN

No. contacts
vaccinated

UKN

Community
vaccination

>140,000 (first
round)

> 82,000
(second round)

Recommendations/lessons
learnt

Increased prevalence of
mencwyx after menafrivac
rollout, needs ongoing
surveillance/and similar national
rollout of a menc conjugate
vaccine to prevent future
outbreaks.

Cultural considerations to
vaccine uptake - Muslim Hausa
communities may have been
affected by vaccinee-vaccinator
gender differences and the
cultural requirement for male
head-of-household consent to
women being vaccinated.
Environmental considerations to
future outbreaks - dry season
peak & decline in cases with
onset of rainy season - similar
pattern to prev outbreaks.
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STUDY ID
Delisle 2010

DeSchrijver 2003

Existing public health
measures/Protection
Notifiable, ongoing
surveillance,
chemoprophylaxis of close
contacts recommended, no
universal menb vaccine
available, at the discretion of
the responders to
recommend, not included in
routine vaccination

Notifiable, routine surveillance

conducted, vaccine available
but not part of routine
schedule until Nov 2001

Description of public
health response
Enhanced surveillance in
region
chemoprophylaxis of
contacts carried out
nightclub staff (n=10)
identified as a possible
transmission vector &
also given
chemoprophylaxis
vaccination decided
against due to the nature
of the outbreak

open population meant
mass-chemoprophylaxis
was also not
implemented

gps and hospital staff in
region warned, local
media used to educate
public

150,000 vaccinations
delivered through private
sector prior to Nov 2001
post-nov conjugate
vaccine that offers
protection against
meningococcal C added
to the infant & childhood
vaccination program with
catch-up program
included

No. contacts receiving
antibiotics

UKN

UKN

No. contacts
vaccinated
UKN

UKN

Community
vaccination

N/A

UKN

Recommendations/lessons
learnt

Chemoprophylaxis of nightclub
workers seemed to curb the
spread, but reappearance of
cases afterwards suggests
ongoing community transmission
advanced surveillance did catch
2 more cases occurring after the
epidemic period (in 2010)

Inclusion of vaccine that offers
protection against
meningococcal C into infant &
childhood schedules
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STUDY ID
Doedeh 2017

Existing public health
measures/Protection

IMD not identified until may 8
(after end of outbreak)
responded to within 24 hours
as a cluster of febrile illness
and death, vaccination
available but not offered
(causative agent not known)

Description of public
health response
Active case search and
contact surveillance
initiated by rapid
response team, contact
tracing conducted and
links identified. Contacts
were identified and
monitored daily

cases managed with
broad-spectrum
supportive therapy as
causative agent not
identified

social mobilization and
health promotion team
engaged with local
community leaders to
raise awareness and
dispel rumours

dead body management
team provided safe and
dignified burials for
decedents

No. contacts receiving
antibiotics
UKN

No. contacts
vaccinated
UKN

Community
vaccination
N/A

Recommendations/lessons
learnt

Surveillance and notification
system worked as intended -
allowed response within 24
hours of natification in spite of
causative pathogen not being
known

case management likely
improved survival of patients
before diagnosis was known
response & subsequent
investigation indicate
improvements in public health
capacities post-ebola outbreak
of 2015
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STUDY ID
Flood 2021

Existing public health
measures/Protection
Notifiable, epidemic cut-off of
10 cases per 100,000
population, alongside lower
epidemic threshold for remote
Indigenous Australian
populations, NIP funded
menacwy vaccine from 2019,
approved for use in Australia
at time of outbreak but not
funded/provided as part of
any routine schedule in 2016

Description of public
health response
Menveo (GSK) used for
infants 2-24 months,
Nimenrix (Pfizer) &
menveo used
interchangeably for
persons aged 2 years
and over.

Community vaccination
program implemented for
all people living in the
Ceduna region,
communication
campaign established
with input from
community leaders,
press releases and
media campaigns used
to communicate
vaccination information
and warning symptoms
program commences 6
march 2017 and ran until
30 june 207 at various
locations within the
community

No. contacts receiving
antibiotics

UKN

No. contacts
vaccinated
UKN

Community
vaccination

3383

Recommendations/lessons
learnt

Additional cases occurred after
vaccination campaign - better
coverage necessary to prevent
cases from reoccurring in a
community setting. Did interrupt
transmission in the short term,
and likely prevented some
further cases from occurring.
Data collection on vaccination
recipient addresses was poor in
some areas but at least 90% of
vaccines delivered were given to
individuals residing in target
area, residents who did not
provide an address likely reside
in target area regardless/move
through are and interact with
other residents

Program also allowed
opportunity for education re
menw signs and symptoms,
community vaccination is an
effective response to an
outbreak w/in a geographically
confined area

Local consultation necessary for
success
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STUDY ID
Haelterman 1996

Jacobson 1977

Existing public health
measures/Protection
Notifiable

epidemic threshold of 15 out
of 100,000 cases
recommendation of mass
vaccination within 4-8 weeks
of meeting threshold - vaccine
available but protection
wanes after ~3 years

- no record of previous
vaccination at either camp

Notifiable, chemoprophylaxis
recommended for close
contacts of cases, no vaccine
available for menb at time of
outbreak

Description of public
health response

Home visitors trained in
both camps to identify
signs of meningitis and
responsible for case
detection and referral to
hospital

single dose
chloramphenicol
injection used to treat all
suspected and confirmed
cases

kibumba:

vaccination campaign
initiated within 1 month
of first case

goal to vaccinate all
refugees over 6 months
of age & vaccine clinics
established to achieve
this

katale:

vaccination delayed to
over 1 month of first
case

similar strategy applied
Case-control
questionnaires delivered
to case households &
household opposite to
identify possible risk
factors and vectors of
transmission

after no groupings
smaller than community
could be identified, mass
chemoprophylaxis of
community carried out
chemoprophylaxis of

No. contacts receiving
antibiotics
Ukn

4,454 community doses
delivered

No. contacts
vaccinated
Ukn

0

Community
vaccination
Kibumba:
121,588 doses
(75.9% target
pop)

katale: 112,354
doses
administered

Recommendations/lessons
learnt

Possible that vaccination
campaign did prevent cases in
katale according to analysis,
however low operational
effectiveness (~5.6 cases
avoided per 10,000 vaccinations
administered)

threshold of 15 out of 100,000
cases may be too high, and
vaccination needs to be
delivered more swiftly

active case detection and early
treatment may be more effective
at responding to and limiting
further spread of epidemic imd
possibility of routine vaccination
on entry to camp worth
investigating

First time attempting mass-
prophylaxis in an entire
community, efficacy still
unproven.

Any protection derived is
temporary, effectiveness will
wane over time & will still be
vulnerable to broadly circulating
strains/admixing
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STUDY ID

Kanai 2017

Existing public health
measures/Protection

Notifiable in all 3 involved
countries, chemoprophylaxis
and vaccination of contacts
recommended, existing
menacwy vaccine available
UK program just initiated at
time of outbreak

not included in routine
vaccination in japan

UKN re. Sweden

not included in routine travel
vaccinations

Description of public
health response
case contacts also
conducted

Vaccination and
chemoprophylaxis of
contacts carried out
cross-border
communication btwn the
three involved countries
carried out

Japan conducted case
investigation - no clonally
similar cases found,
concluded that a WSJ
participant brought the
meningococcus with the
& spread it among the
camp

letter sent to ~4,000
WSJ attendees across
the UK
chemoprophylaxis of all
scouts in sweden
(~1,900)

No. contacts receiving

antibiotics

53 (scotland)

No. contacts

vaccinated

53 (scotland)

Community
vaccination

UKN

Recommendations/lessons
learnt

Rapid communication between
countries allowed good
dissemination of information &
aided with decision making
different decisions made re.
Mass- chemoprophylaxis (UK
decided against, sweden
decided for), unclear what
impact it had re. Preventing
further spread

atypical presentation of menw
means HC workers need to be
aware of differing signs &
symptoms

decision making needs to occur
rapidly & be communicated
clearly & quickly to all parties
involved
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STUDY ID
Krause 2002

Kriz 1995

Kushwaha 2010

Existing public health
measures/Protection
Primary method of control is
chemoprophylaxis of close
contacts, quadrivalent
polysaccharide vaccine
available at the time &
recommended for use to
control outbreaks

Notification mandatory

active surveillance conducted
by the National Reference
Laboratory for all IMD cases
chemoprophylaxis
recommended for close
contacts of cases, vaccination
not currently part of any
routine immunization scheme
in any country at time of
outbreak

Epidemic threshold of 10
cases per 100,000, no
vaccination program but men
ACWY vaccination available
at the time in the required
number of doses

Description of public
health response
Chemoprophylaxis
delivered to contacts
introduction of mass
vaccination campaign
after outbreak threshold
was reached
vaccination campaign
initially limited to ages 2-
22 in target area but
expanded after public
pressure

Decision made to assess
the effectiveness of
vaccination in preventing
further cases

olomouc recieved a
targeted mass-
vaccination campaign
(all students - either
enrolled in secondary
ed/apprenticeships or
school/college) were
included

Bruntal only vaccinated
close contacts & those
who requested
vaccination

No vaccination offered
chemoprophylaxis given
to all close contacts of
cases and general
medical staff

close contacts placed
under medical
surveillance for 10 days
rearrangement of army

No. contacts receiving
antibiotics

484 (306 close contacts)

UKN

UKN

No. contacts
vaccinated
Ukn

Bruntal: 137

N/A

Community
vaccination

13,535

Olomouc: 6191
doses
Bruntal: 908

N/A

Recommendations/lessons
learnt

Effectiveness of
chemoprophylaxis to control
community outbreaks under
review - limited duration of
protection is an ongoing issue if
the disease-causing strain
persists in the community
recommendation for vaccination
campaign to me limited to target
population to ensure high
coverage in the group identified
as most at risk

In the district where the mass-
vaccination campaign was
carried out, the outbreak
stopped (olomouc), whereas in
Bruntal , the outbreak continued
consistent with other findings
suggesting that targeted mass-
vaccination can prevent
community outbreaks from
spreading further

Routine vaccination of army
recruits recommended
overcrowding needs to be
managed better to avoid
increasing the risk of IMD
transmission
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STUDY ID

Masterton 1988

Existing public health
measures/Protection

Chemoprophylaxis
recommended for
management of outbreaks,
polysaccharide group A
and/or C vaccines newly
available at time of outbreak

Description of public
health response
barracks and sleeping
arrangements to
minimize impacts of
overcrowding on spread
of disease

Chemoprophylaxis
offered broadly to dorm
mates of the initial cases
swabbing conducted to
assess carriage of
epidemic strain - swabs
lost in transit made it
impossible to calculate
an accurate carriage rate
decision to switch to
mass vaccination made
after the second case
(week 4) and targeted at
all permanent personnel,
extended to all recruits in
week 5, vaccination
stopped after week 13
when only one carrier
was found after
swabbing

No. contacts receiving
antibiotics

54

No. contacts

Community
vaccination

UKN

Recommendations/lessons
learnt

Chemoprophylaxis offered more
broadly than necessary for initial
cases, should be restricted to
close contacts and confirmed
carriers of the disease-causing
strain

vaccination preferable for the
control of outbreaks
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STUDY ID
Mohammed 2000

Existing public health
measures/Protection
Notifiable, surveillance
protocols in place, recent
epidemics in the region
epidemic threshold of 15
cases per 100,000 population
for two consecutive weeks,
previous mass vaccination in
in preceding years to
outbreak, but waning
vaccination levels in the 2
years immediately preceding

Description of public
health response

Task force established,
treatment centres set up
in every affected Iga
early in march

oily cloramphinol used
for treatment

federal task force
oversaw vaccine
acquisition and delivery -
delivered over 22 million
doses to states to
distribute - 'ped-o-jet'
injectors used - risk of
hiv/hepatitis transmission
when used improperly

No. contacts receiving
antibiotics
Ukn

No. contacts
vaccinated
Ukn

Community
vaccination
13.4 million

Recommendations/lessons
learnt

Changes in epidemiological
pattern of imd epidemics
intervention did reduce the
number of cases & help end the
epidemic (aided by end of the
dry season)

single dose oily cloraphenicol
shown to be effective treatment
inadequate supply of needles &
syringes in affected regions -
forced reliance on air injection
machines, which may have
spread other blood-borne
illnesses - stressed importance
of adequate supply

waning vaccination coverage in
prev 2 years may have
contributed to size of this
epidemic - regular country-wide
vaccination is needed to prevent
similar events
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STUDY ID
Mounkoro 2019

Existing public health
measures/Protection
Epidemic threshold = attack
rate of 10 out of 100,000
population

alert threshold = attack rate of
4 out of 100,000, menafrivac
(MACYV) phased introduction
from 2010 in meningitis belt
Togo introduced MACV from
2014 to all individuals ages 1-
29 years

Description of public
health response
Investigation conducted
in Dankpen in week 4 -
identified nmw as
causative agent

support provided for
establishment of mobile
laboratories to provide
surveillance & tracking
Togolese ministry of
health & WHO requested
supply of quadrivalent
meningococcal vaccine
polysaccharide vaccines
mass vaccination
conducted in districts
that crossed the
epidemic threshold -
target group = all
persons aged 2-29 years
requests could only be
submitted after districts
had hit epidemic
thresholds, submitted
multiple requests from
week 6 onwards

first campaign conducted
from week 8 onwards

No. contacts receiving
antibiotics
UKN

No. contacts
vaccinated
UKN

Community
vaccination
Coverage:
94% dankpen,
bassar,
sotouboua
districts

100%
doufelgou
district

101% keran,
binah assoli
102% cinkasse
105% kozah

Recommendations/lessons
learnt

Large, well co-ordinated
response to one of the largest
recorded nnw outbreaks in the
meningitis belt

preventative vaccination with a
conjugate vaccine instead of
reactive would have been more
effective at limiting the spread of
the epidemic

possibly triggered by waning
population immunity (prev nmw
epidemic was ~10 years prior)
late start to vaccination program
makes it unclear how much
impact vaccination had on the
spread of the epidemic, some
evidence in districts where the
epidemic spread later that it was
effective, but other districts did
not receive vaccination until after
cases had already started
declining naturally

faster response required to
better respond to & control large
epidemics of meningococcal
disease
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STUDY ID
Nnadi 2017

Existing public health
measures/Protection

Alert & epidemic thresholds
detailed on p1353,
vaccination available,
recommended within 4 weeks
of crossing epidemic
threshold

routine mena vaccination in
meningitis belt

Description of public
health response
Mass vaccination
initiated in week 8 of
outbreak, prioritised to
most affected areas
(target group = anyone
aged 2-29 years)
community outreach and
education to warn of
overcrowding risks &
increase vaccine
acceptance

mobile rapid response
teams deployed to
affected regions

No. contacts receiving
antibiotics
UKN

No. contacts
vaccinated
UKN

Community
vaccination
2.5 million
doses

Recommendations/lessons
learnt

Outbreak identification and
response hampered by lack of
resources (test kits, manpower,
transportation services)

more rural & remote areas hard
to access, less available human
resources in the most affected
areas

outbreak response may have
helped control the outbreak but
large number of cases & long
duration highlight need for more
proactive measures

evolving regional distribution of
serotypes - largest recorded
menc outbreak - suggests mena
will not always be the most
predominant serotype in the
region

mass vaccination is effective at
preventing outbreak spread, but
needs to be implemented in a
timely and appropriate manner
surveillance and outbreak
response can only be effective
when the capacity to respond is
there - capacity needs to be
scaled up in order to better
respond to future outbreaks of
this size
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STUDY ID
Peltola 1978

Existing public health
measures/Protection
Notifiable, no existing
vaccination program, mena
vaccine effectiveness in
young children unknown at
time of outbreak - studies
conducted during outbreak to
test effectiveness at
preventing disease (study B)

Description of public No. contacts receiving
health response antibiotics
Mass-vaccination trials UKN
conducted in young

children to assess

effectiveness (study B)

after studies proved
effectiveness of vaccine,

mass vaccination

programs were rolled out

in nov 1975 - feb 1976

(target group =

individuals aged 2.5

months-19 years)

vaccination rollout

repeated again at the

end of 1976

no further epidemic-level

of cases recorded, so
vaccination program

ceased (excl. Routine
vaccination of armed

forces recruits)

No. contacts
vaccinated
UKN

Community
vaccination
~1.2 million
persons (90%
of target group)

Recommendations/lessons
learnt

Mass vaccination of target
groups effective in reducing
spread, additional benefit of
cost-effectiveness (only 1/4 of
the whole population needed
vaccination)
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STUDY ID
Perrett 2000

Existing public health
measures/Protection
Notifiable, vaccination and
chemoprophylaxis
recommended for contacts of
cases, meningococcal C
vaccine available at time of
outbreak

Description of public
health response
Response group
organised

initial decision to offer
chemoprophylaxis and
vaccination to all children
at the same school to
eliminate carriage across
friendship groups
expanded to non-school
friendship groups after
the third case (defined
as prolonged & social
contact incl bottle/glass
sharing with any of the
three cases)

extensive contact tracing
& establishment of
temporary contact
tracing office required to
identify & manage
contacts

media and community
outreach conducted to
ensure clear, consistent
& necessary messaging
were reaching the public,
local helpline established
to respond to general
queries

No. contacts receiving
antibiotics

224 (of first three cases)

No. contacts
vaccinated

224 (of first three
cases)

Community
vaccination

UKN

Recommendations/lessons
learnt

Investigation was assisted by
speedy recognition of cases
policy decision making was
difficult, no formal guidance on
bottle/glass sharing in national
recommendations & unclear on
whether it's a true risk of
transmission

clear & prompt policy making
required for effective PH
response

news media were essential in
communicating message to
general public (w/ exception of
one factually incorrect article)
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STUDY ID
Pivette 2020

Reintjes 2002

Existing public health
measures/Protection

Notifiable, epidemic cut-offs

detailed, menb vacc available,

used in outbreak response,
screening of all menb cases
to determine coverage of
Baxsero vacc

Notifiable in each country,
completeness of notification
considered good

some discrepancies in
guidelines around
management of cases (table
2)

contact tracing,
chemoprophylaxis
recommended for close
contacts, vaccination
available, recommended in
response to community
outbreaks

Description of public
health response
Community vaccination
offered for children and
adults at school of initial
cases (579 pupils and 86
adults), expanded to all
individuals aged
between 11-19 after
emergence of following
two cases (2007
students and 6298
people in the community)
public meeting at HS to
inform parents, GP
options for non-parents.
Vacc fully reimbursed by
healthcare system,
communication
campaign established in
place of individual
invitations to vaccinate
Chemoprophylaxis and
contact tracing of each
case conducted by
country of origin
cross-country
collaboration occurred
largely through ad-hoc
phone calls & meeting of
the european monitoring
group for meningococci
(emgm) that happened
to occur shortly after the
first few cases

mass vaccination
conducted in one dutch
town (n=6,000 residents)
after further cases arose
individual case

No. contacts receiving
antibiotics

UKN

Ukn

No. contacts Community

vaccinated vaccination

UKN 3846 (43%
coverage) first
doses

Ukn 6,000 (dutch
town)

Recommendations/lessons
learnt

Higher vaccination coverage in
schools vs in community -
identify possible issues with
access/perceived risk

useful summary of community
vaccination for future campaigns

Rapid detection and response to
cases was good, aided by
unified case definitions and
exchange of serotype
information

international collaboration had
no formalized process - did not
occur automatically when it was
revealed that cases had
attended an international
competition

formal network for
meningococcal disease
management needed across all
of europe, unified
recommendations for case &
contact management also
needed
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STUDY ID

Ritscher 2019

Existing public health
measures/Protection

Notifiable

no specified mass-vaccination
plan at the university prior to
outbreak but existing
emergency committee
students encouraged to
submit vaccination history to
the university, less than 3% of
the student cohort had been
previously vaccinated against
menb, 2 meningococcal
vaccines available but
vaccination only
recommended for high-risk
groups (not included in any
existing routine schedules at
time of outbreak)

Description of public
health response
responses detailed in
table 1

Mass vaccination
campaign initiated
targeting undergraduate
students aged 25 &
under

vaccine provided by
DOH immunization
program and CDC
vaccine outbreak set-
aside fund

No. contacts receiving
antibiotics

UKN

No. contacts
vaccinated

UKN

Community
vaccination

20,440 in-
clinics, 496
through student
health services

Recommendations/lessons
learnt

Removal of cost & insurance
hurdles massively increased
uptake

34% of students who received
first dose recorded as receiving
second dose as of 1 oct 2017
(Bexsero® is a 2-dose program),
potential under-estimation
inter-organizational cooperation
essential for successful
implementation of the campaign
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STUDY ID
Round 2001

Rude 2019

Existing public health
measures/Protection
Notifiable, vaccination not
recommended at time of
outbreak
chemoprophylaxis
recommended for close
contacts (kissing &
household-like), vaccination
available but no program at
time of outbreak

Unexplained cluster of deaths
notifiable (two or more people
in the same community who
die suddenly of unknown or
infectious cause after
suffering similar symptoms)
surveillance and active case
search protocols well
established

integrated disease
surveillance and response
system, meningococcal W
vaccine not available in this
country at time of outbreak

Description of public
health response
Outbreak control team
set up after case 4/7
information sent out to
students and staff via
email, noticeboards &
student union, helpline
established for
communication

500mg ciprofloxacin
given to all but 4 of the
750 residents of the hall,
& all guests who stayed
overnight in the previous
2 weeks

all students and staff
offered serogroup a+c
vaccine

carriage study conducted

Contact tracing and
active case searching
conducted
chemoprophylaxis of
contacts delivered
vaccine not given as
outbreak was small &
vaccine not available
mass-chemoprophylaxis
conducted in some
community groups
(health workers & none-
contact residents)
outreach with local
leaders & religious
authorities conducted
safe burials conducted
after the second death

No. contacts receiving
antibiotics
Ukn

233 (+ 103 health
workers & 843 none-
contact community
members)

No. contacts
vaccinated
Ukn

Community
vaccination

Ukn

Recommendations/lessons
learnt

Need earlier recognition of cases
& management of contacts - gap
between first 2 cases & following
was more than 4 weeks, but
early intervention may have
prevented later cases

mass chemoprophylaxis not very
effective in community based
outbreaks

case interviews & contact tracing
recommended for all clusters to
identify areas of transmission
supports recent introduction of
mandatory meningococcal ¢
vaccination for all incoming
university students in the uk
(introduced ~1999)

need to harmonize policies for
vaccination and outbreak
management across europe
Rapid response to cluster (<48
hours) led to good management
earlier recognition of septicaemic
type (IMD without meningitis)
could have improved case
outcomes

lack of testing materials to
confirm all cases, unable to take
CSF samples

better community health services
& recognition of IMD could have
also improved case outcomes
prompt community engagement
& outreach essential to limit
transmission

rapid prophylaxis helped prevent
further spread of disease
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STUDY ID

Santaniello-
Newton 2000

Sekiya 2021

Existing public health
measures/Protection

Ongoing surveillance and
epidemic threshold of more
than 1 case per 100,000
population per week,
vaccination program for
incoming refugees covering
strains A+C

129 cases knew their
vaccination status, 9 had
been vaccinated more than 3
years prior and 85 had been
vaccinated less than three
years prior

Notifiable, no existing country

guidelines at time of outbreak,

no menb vaccine licensed in
japan at time of outbreak

Description of public
health response
infection control
measures implemented
(hand washing stations &
education sessions)

Isolation ward
established

mass vaccination
campaign initiated
second mass
immunization campaign
run after second wave of
the epidemic

Enhanced surveillance,
contact tracing and
management based on
UK guidelines

no vaccination campaign
initiated as menb not
licenced in Japan at time
of outbreak

No. contacts receiving No. contacts Community
antibiotics vaccinated vaccination
UKN UKN 37,547 in the
first round,
5,002 in the
second round
UKN N/A N/A

Recommendations/lessons
learnt

Vaccine failure may be due to
limited protection and/or
improper administration

mass vaccination campaign
shown to be effective by rapid
drop in incidence after the first
wave of vaccination

second wave likely due to mass-
influx of refugees in may-june,
due to famine & other epidemics
& inability to vaccinate
newcomers en-masse

No national public health
guidelines currently exist,
unclear why there have been no
outbreaks until now, recommend
that guidelines should be
developed for future outbreaks
high-risk communities like dorms
need more active surveillance -
carriage study suggests that
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Existing public health Description of public No. contacts receiving No. contacts Community Recommendations/lessons
STUDY ID measures/Protection health response antibiotics vaccinated vaccination learnt
proliferation of virulent strains is
possible through populations

Stewart 2013 Notifiable, outbreak threshold  Mass chemoprophylaxis 4 household contacts, 0 0 Prompt recognition of cases
of "two or more cases of of nursery 173 childcare necessary to react, mass
meningococcal disease (of staff/attendees who had recommended (129 prophylaxis most effective when
the same serogroup) attended or worked at scripts filled) rapidly implemented
occurring in the nursery within  the nursery from 10-23rd unable to identify specific at-risk
four weeks of disease august 2010 group so all staff & attendees
confirmation on aug 23rd no indication for mass were prescribed antibiotics
2010" vaccination (& no suggest that mass prophylaxis
recommendation for available vaccine) did reduce carriage & prevent
chemoprophylaxis of close medical staff made further cases, but research
contacts & mass prophylaxis available on-site to evidence is limited
in organizational settings, no dispense scripts & limited by timing - second case
vaccine for meningococcal B provide counselling occurred just before a bank
at time of outbreak GP clinics in region holiday & there was a delay in

notified presentation & confirmation of
diagnosis

research suggests significant
benefit from giving
chemoprophylaxis to all contacts
of nursery cases, even when
there is only a small number of
cases
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STUDY ID
Sudbury 2020

Existing public health
measures/Protection
Notifiable, epidemic
thresholds, vaccination
available but not included in
schedule

vaccination and
chemoprophylaxis
recommended for close
contacts

Description of public
health response
Contact tracing,
advanced surveillance
community vaccination
program initiated in early
oct 2017, provided to all
persons 1-19 years in
the region. Menacyw
replaced menc vacc in nt
infant schedule as of dec
12017

febrile protocol initiated -
any patients under the
age of 19 with a fever
managed as if they had
imd until proven
otherwise by pcr/culture
testing - further
diagnostics carried out
as clinically advised
(approx 649 patients
managed under fever
protocol)

No. contacts receiving
antibiotics
465

No. contacts
vaccinated
Ukn

Community
vaccination
81% coverage
for indigenous
pop, 49%
coverage non-
indigenous

Recommendations/lessons
learnt

25% of patients had atypical
manifestations (all under 7 years
of age)

only one patient required
transfer to tertiary centre
maximum length of time
between detection and initial
antibiotic treatment was 55hrs
successful management of a
rapid developing & unpredictable
disease in a remote, low density
& disadvantaged community
fever protocol was effective at
managing early cases
immediately without waiting for
pcr results (which would allow
disease to progress) but may be
more resource-intensive in a
more densely populated setting
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STUDY ID
Thabuis 2018

Chacon-Cruz 2014

Existing public health
measures/Protection
Notifiable, chemoprophylaxis
and vaccination
recommended for close
contacts of cases

epidemic threshold of at least
three cases within 3 months
caused by the same strain,
occurring without direct
contact in the same
community, with an incidence
rate above 10 cases per
100,000 population
recommendation for mass-
vaccination within community
if epidemic threshold is hit,
menb vaccine available but
not included in any routine
schedule

National case load lower than
2 cases per year. Active
surveillance for imd limited to
general hospital of tijuana but
passive surveillance is
conducted in the rest of the
country. Notifiable and
considered endemic in
children within tijuana.
Meningococcal vaccine not
included in any national
schedule

Description of public
health response

Close contacts received
chemoprophylaxis
enhanced surveillance in
region for the year
following the outbreak
mass-vaccination
initiated after epidemic
threshold hit & school
community was identified
vaccination program
targeted all people aged
2 months - 24 years who
lived, worked, studied or
otherwise inhabited the
epidemic area

initial vaccination period
5 april - june 24, second
period 1 june - 30 sep
local news outlets and
community leader
engagement used to
communicate messages
& co-ordinate general
public

No vaccination offered,
chemoprophylaxis
offered to all identified
contacts, education
campaign promoting
avoiding crowded
spaces, not sharing
drinks and not smoking

No. contacts receiving
antibiotics
UKN

1430

No. contacts
vaccinated
UKN

Community
vaccination
4,062 (2,222
first doses,
1,840 second
doses)

N/a

Recommendations/lessons
learnt

First Bexsero® vaccination
campaign in France recorded
low vaccine uptake (47% first
dose, 40% second dose) could
be mitigated in future outbreaks
by emphasising the threat of
transmission & reassuring re.
Vaccine safety and efficacy

Active surveillance within
multiple hospitals, consideration
of vaccination in children,
especially given proven
endemicity of disease in children
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STUDY ID
Iser 2012

Sanogo 2019

Sidikou 2016

Existing public health
measures/Protection
Notifiable, no existing
vaccination program at time of
outbreak, Brazilian ministry of
health defines outbreaks as
relative to prev years case
numbers, CDC defines
outbreak as three cases
caused by the same
serogroup <= 3 months apart
in persons without direct
contact within a defined
population (OR attack rate
>10 per 100,000)
meningococcal
polysaccharide (A+C) vaccine
approved for use in outbreak
situations

WHO epidemic threshold of
10/100,000 one of the ten
initial health districts
supported by bill & melinda
gates foundation to reinforce
case-based meningitis
surveillance. Widespread
vaccination (80%) coverage
of population under 29 with
previous polysaccharide AC
vaccine in 2008

Notifiable, nationwide
enhanced surveillance - case
level data collected and
transmitted weekly through
line listings. Who alert (3-9
cases per 100,000) and
epidemic thresholds (>10
cases per 100,000).

Description of public
health response
Household contacts
offered
chemoprophylaxis

on 19 August decision
made to vaccinate plant
workers (10,012)

Reactive vaccination in
weeks 20-11 of the

epidemic (28 feb-12mar)

Reactive vaccination
campaign initiated in

week 13, continued until

week 16, hampered by
global shortages of
vaccine doses and
maijority of doses
avaliable in june - after
peak of epidemic.

No. contacts receiving No. contacts

antibiotics vaccinated
UKN UKN

UKN UKN

Ukn Ukn

Community
vaccination
9,200 plant
workers

50998

1.4 million
doses made
avaliable
(619,435
polysaccharide
doses given,
188,129
conjugate

Recommendations/lessons
learnt

No further cases occurred in
plant workers post-vaccination,
but additional cases (n=4)
occurred within the municipality
within 2 months of vaccination
program. All but one had some
contact with plant workers, but
not all were household contacts.
Authors discuss difficulty of
identifying/restricting target
population and concern of
ongoing community transmission
of disease. Routine
meningococcal C vaccination
adopted in brazil post-2010

Authors highlight need for better
case finding and sampling
facilities (unable to obtain
samples from all suspected
cases) also id limitations re.
Polysaccharide vaccines wrt
long term coverage and immune
response in children

Authors note faster
transmission/lateness of season
for meningococcal outbreak,
comment on incompleteness of
case outcomes and difficulty of
ongoing prevention given limited
avaliability of affordable
conjugate vaccines. Emphasise
importance of case-level
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STUDY ID

Existing public health
measures/Protection
Meningococcal a vaccination
but not ¢

Description of public
health response
Vaccination limited to 2-
15 or 2-19 years, instead
of full age group at risk
(2-29 years)

No. contacts receiving
antibiotics

No. contacts
vaccinated

Community
vaccination

vaccine doses
given)

Recommendations/lessons
learnt

surveillance and improving
laboratory confirmation capacity
for more informed response
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