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ABSTRACT  

Infectious diseases are caused by pathogenic micro-organisms which can be bacteria, viruses, parasites or 

fungi.  The diseases can be spread through many different routes, either directly or indirectly.  Military 

personnel are at high risk of contracting infections, in particular vector-borne and zoonotic infections, 

during overseas deployments, where they may be exposed to endemic or emerging infections to which they 

do not have immunity. Additionally, overcrowded settings with poor sanitation are high risks for disease. 

Genomics is having a transformational impact on medicine.  It is enabling advances in accurate diagnosis of 

infectious disease, development of effective and targeted treatment strategies and opportunities to assess 

pathogenicity.  Further, it supports the detection, surveillance of infectious diseases, the development and 

assessment of vaccines, as well as the assessment and prediction of anti-microbial resistance.  These 

capabilities are all key military needs to protect personnel in this inter-connected world. 

The advances in sequencing technologies have resulted in an explosion of genomic data.  However, making 

sense of genomic data requires advances in computational analysis technologies together with cross-

disciplinary scientific approaches, skill sets and people. There are extensive reference databases of genomic 

data.  One such open access database is PubMLST.org: it contains well curated genomes for more than 100 

microbial species and genera integrated with provenance and phenotype information.  All levels of sequence 

data, from single gene sequences up to and including complete, finished genomes can be accessed on this 

platform.  This data is, however, both large and complex and intractable to analyse and understand using 

traditional analysis tools. 

This paper will discuss the challenges of analysing such genomic data for bacterial infections and consider 

the application of bioinformatics tools and techniques to analyse and communicate microbial genomic data 

in healthcare. 

1.0 INTRODUCTION 

There are three different categories of military casualties, namely, battle casualties, non-battle injuries and 

those suffering from non-battle related diseases or infections.  Infectious diseases are caused by pathogenic 

micro-organisms which can be bacteria, viruses, parasites or fungi, with varying global epidemiology. 

Diseases can be spread through many different routes, including direct person-to-person spread, or indirectly 

through the air, food, water, and vectors such as arthropods or animals.  Military personnel are at high risk of 

contracting infections, in particular vector-borne and zoonotic infections, especially during overseas 

deployments, as they travel to areas with different exposures to the home region against which they had 

developed immunity,   Additionally, living in barracks or settings where sanitation may be poor and living 

condition crowded can lead to other public health risks [12].  
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The health status of military personnel has direct bearing on the success of a military campaign’s outcome. 

The 1918 influenza pandemic (January 1918–December 1920), termed the Spanish flu, occurred during 

World War I and represented the most severe pandemic in recent history. The war and the pandemic 

intertwined.  The infection was caused by an H1N1 virus with genes of avian origin which spread worldwide 

during 1918-1919.  It was first identified in US military personnel in the spring of 1918.  The compact living 

conditions, poor hygiene, malnutrition and the global troop movement contributed to the spread of the 

infection.  The lack of vaccine and treatments resulted in an estimated 500 million people, or one-third of the 

world’s population, becoming infected with this virus.  The number of deaths was estimated to be at least 50 

million worldwide, mostly young previously healthy adults, greater than the almost 20 million death toll of 

World War I [5, 20 and 32].  The US Army medical department concluded that secondary bacterial 

pneumonia, a common secondary infection complicating influenza, were the cause of nearly all the deaths 

rather than the primary infection [5].  Indeed, in World War I more deaths in the US armed forces (army and 

navy) engaged in the battlefield were due to pneumonia associated with the Spanish flu than from direct 

combat injuries [5].  The epidemic resulted in the diversion of personnel, resources, human attention as well 

as energy from the military campaign.  Even during peace time, infectious diseases may spread easily in 

military bases and training camps resulting in epidemics with material effect on the military power of the 

units or the country in question.  Vaccination and other preventative treatments play an important role in 

protecting the armed forces [3, 4, 5, 13, 18, 31 and 41].  

2.0 MICROBIAL GENOMICS DATA 

The sequencing of disease-causing microorganisms and study of genetic code is having a transformational 

impact on medicine, enabling advances in accurate diagnosis of infectious diseases, development of targeted 

treatment strategies and opportunities to assess pathogenicity of disease-causing organisms.  Further, it 

supports the detection and surveillance of infectious diseases, vaccine development and post-implementation 

assessment and prediction of anti-microbial resistance. As the military, civilians and animals move with ease 

around the world, genomic technology can help in the areas of disease prevention, surveillance and 

management. These capabilities are all key military needs so as to protect personnel in this inter-connected 

world. 

Multilocus Sequence Typing (MLST) was the most widely used portable, reproducible sequence-based 

approach for bacterial typing in the 21st century, it is used in identifying relationship among bacteria and 

cataloguing these using stable nomenclatures [25].  Seven MLST loci are indexed in most of the MLST 

schemes where an arbitrary and unique ‘allele’ number is assigned to each unique sequence for each locus. 

The designations for each of the loci are incorporated into a sequence type (ST), e.g. Campylobacter jejuni 

ST-21 or Neisseria meningitidis ST-11.  Each ST summarizes thousands of base pairs of information; for 

some species, many hundreds of alleles at each locus and thousands of STs have been identified. Further STs 

can be grouped by similarity at more than four of the seven loci, into clonal complexes. 

The Bacterial Isolate Genome Sequence Database (BIGSdb) platform is designed to store and analyse 

sequence data for bacterial isolates in which any number of sequences can be linked to isolate records [19]. 

It extends the principle of MLST to genomic data, where large numbers of loci can be defined, with alleles 

assigned by reference to sequence definition databases.  Loci can also be grouped into schemes, most 

commonly of biological relevance, so that types can be defined by combinations of alleles (allelic profiles), a 

concept similar to MLST, Figure 1. This provides an effective mean to conduct gene-by-gene typing [26].  
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Figure 1:  Illustrative representation of the gene-by-gene approach to whole genome sequence analysis using 

the Bacterial Isolate Genome Sequence Database (BIGSdb) platform.   Reproduced with permission (Maiden 
et al. 2013) [26]. 

There are extensive reference databases of microbial genomic data.  One such open access database is 

PubMLST.org which hosts databases using the Bacterial Isolate Genome Sequence Database platform 

(BIGSdb) [19 and 26].  Users can download genomic and associated metadata from those databases via 

PubMLST.org (or indeed from other public databases) and can analyse the data using the open source 

BIGSdb platform.  PubMLST contains well curated genomes for more than 100 microbial species and 

genera integrated with provenance and phenotype information.  It includes all levels of sequence data, from 

single gene sequences up to and including complete, reference genomes, see Figure 2.  The allelic variants in 

the MLST data support sequence-based analysis.  At the time of writing, PubMLST.org held more than 

750,000 isolates from different countries and of different species. 
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Figure 2: PubMLST (https://pubmlst.org/) The colour coded geospatial map shows from where the isolates 
were submitted; the darker the blue the more isolates submitted. 

This data is both large and complex and is intractable to analyse and understand using traditional analysis 

tools. 

3.0 MENINGOCCOCAL DISEASE AND EPIDEMIOLOGY 

Significant progress has been made in developing effective vaccines against meningococcal disease and 

treatment in terms of antibiotic therapy and wider healthcare, but invasive disease remains a life-threatening 

disease.  Meningococcal disease is considered to be a medical emergency; it requires immediate action for 

accurate diagnosis, rapid stabilisation and appropriate antimicrobial treatment [17 and 35].  A patient can 

present with non-specific symptoms and can progress to death in just a few hours.  Permanent disabilities 

such as brain damage, hearing loss, learning disabilities and loss of limbs can result from meningococcal 

disease in up to one third of survivors [47].  The infection is spread from person-to-person; human carriers 

rarely become sick although they can be infectious. The epidemiology of meningococcal disease is highly 

variable, for reasons that are incompletely understood. It is a major cause of meningitis and sepsis in 

industrialised settings but the meningitis belt in Africa continues to have the highest burden of disease [40].  

Military personnel and recruits are high risk groups for meningococcal disease.  It has been reported that the 

incidence is between four and ten times higher than the in general population [30].  There have been many 

cases of meningococcal disease outbreaks in the armed forces across different countries, including those of 

the United Kingdom [29] and the USA [28 and 39].   The living conditions, in particular overcrowding on 

military bases and training camps, were implicated as far back as 1917 [10]. 

Neisseria meningitis has thirteen significant serogroups, among them, six serogroups, namely A, B, C, W, Y 

and X are responsible for the majority of cases of disease [14 and 15].  The distribution of each serogroup 

varies geographically and also changes over time [35 and 40].  Vaccines have been developed targeted at 

https://pubmlst.org/
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specific serogroup(s).  In view of the increasing use of these vaccines worldwide, high-throughput genomic 

methods are required to understand variations in capsular type and meningococcal protein diversity [36]. 

Vaccines have been developed to control the diseases, with development initiated at the Walter Reed Army 

Institute in the 1960’s to protect military personnel [2 and 11].  The US military was involved in the 

development of the first licenced polysaccharide vaccine for serogroup A in 1970 followed by a combined 

serogroup A/C vaccine in 1978.  Polysaccharide vaccines were later developed against serogroups W and Y, 

with X in development, and all have prevented countless cases of meningococcal disease globally. 

Meningococcal serogroup B vaccine was harder to develop as its polysaccharides are similar to the human 

neuronal proteins [9].  However, through the application of reverse vaccinology, a vaccine was designed 

utilising other expressed antigens predicted from the genome sequence of a meningococcal B strain (MenB) 

[8].  In the UK different types of vaccines are offered to different age groups to prevent meningitis and 

septicaemia; the 6-in-1, MenB, pneumococcal, Hib/Men C vaccines for babies, and meningococcal ACWY 

conjugate vaccine offered to teenagers and first-time university students.  The UK armed forces personnel 

are offered meningococcal conjugate ACWY vaccine [46].  Vaccines can also be deployed in an outbreak 

setting, due to the high mortality and morbidity rates, and so the provision of accurate information is crucial 

in understanding, analysising and communicating an outbreak ‘situation’ to allow the infection prevention 

and control measures to be implemented in a timely manner [23].  

4.0 VISUAL ANALYTICS AND VISUALIZATION 

It is often said that a picture is worth a thousand words; in the case of genomic data a picture is worth 

millions of isolates.  Humans have long used visual aids to help them define, understand, analyse and 

navigate their way through their problems, so as to understand the situation and thus enable informed 

decision-making.  Visual analytics is the science of analytics reasoning supported by interactive 

visualizations [42]. The analytics approaches include statistical analysis, knowledge discovery, data 

management and knowledge representation [21]. Visual analytics and visualization are widely used to enable 

the exploration and analysis of the genomic data to gain insight of the situation.  Visualization transforms 

inherently non-visual data into a form that supports efficient exploration, analysis, discovery, understanding 

and communication of large volumes of complex data.  Visualization can be a static or interactive 

presentation of data that reinforces human cognition.  Interactive visualization enables dynamic exploration 

and analysis of huge amounts of data that support users not only to detect expected patterns, trends, or 

correlations but also to discover unexpected associations more efficiently than using tradition approaches. 

When given a dataset, there are many different ways to represent the data and encode the various variables. 

However, certain displays are more effective than others for a given task, user, data and / or user, due to the 

different manner in which they exploit the underlying human perception and cognition [1, 21, 24, 37, 38, 4, 

44 and 45]. In short, disease situational awareness encompasses the human perception and cognition skills as 

well as the processing of data by the machine.  In such a complex and dynamic environment, acute 

situational awareness is likely to greatly enhance the rate and the quality of the decision-making process and 

infection management [6 and 7].  

A wide range of visualization approaches have been developed and applied to support visual analytics of 

genomic data [33, 34 and 48].  Commonly, the large amount of data is aggregated to provide an overview of 

the situation and more detailed information can be ‘drilled down’ into for further analysis. 

Figure 3 shows an exploration of Neisseria menigitidis for the period 2011-2017 in the United Kingdom 

using an integrated dashboard.  In the integrated dashboard, each display represents a different aspect of 

the data: clicking on any element in any of the display will result in filtering of all the related elements in 

the other parts of the dashboard display.  This provides an effective means of exploring different aspects 

of the data and their inter-relations and impacts.  The top left hand area shows geographic data and the top 

right shows the temporal trend of the different serogroups and one non-group (NG), namely A, B, C, E, 
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W, W/ Y, X, Y and Z, these are colored coded so as to facilitate identification of the serogroup.  The lower 

left stacked bar chart shows the temporal patterns of the clonal complexes. The lower right heatmap shows 

the nested relationship between clonal complex and serogroup.  It can be seen that there is a noticeable 

decrease in serogroup B and a noticeable increase in serogroup W.  

Figure 3: Geo-temporal Analysis of the Neisseria Menigitidis 

Figure 4 shows 3,506 invasive meningococcal disease isolates from 2010/11 to 2016/17 analysed using the 24 loci 

OMVT (outer membrane vesicle typing) scheme and visualised using GrapeTree software.  The OMVT cluster by 

clonal complex (cc), represented by different colours, with unfilled nodes representing isolates from the other ccs.  

The size of the circles is proportional to the number of isolates. [36]. 

Figure 4: UK meningococcal disease isolates clustered by OMVT [36] 
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The above examples show that the transformation of the non-visual data into a visual form enables effective analysis 

of large and complex microbial genomic data in an intuitive and understandable manner.  

5.0 SUMMARY 

The advances in sequencing technologies have resulted in an explosion of genomic data.  Genomic research 

is vital in the fight against infections: for prevention, surveillance and treatment strategies.  The study of 

microbial genomes has allowed the discovery of anomalies and patterns that have public health implications. 

Genomic and visual analytics tools can support and enhance our understanding of the biology of infections 

and lead to new techniques or approaches to diagnosing and treating disease.  Visual analytics and 

visualization of genomic data are now widely used to support the analysis, presentation and understanding of 

these invaluable, big and complex data, as well as in the communication of the findings and discovery of 

insights.  New technologies and evolving perception and cognitive frameworks enhance the development of 

better and more contextual and user-centred visual analytics approaches.  Genomic and visual analytics 

combined with machine learning based AI now offer tremendous new opportunities. 
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