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Abstract
Movement of highly contagious patients and persons is a phenomenon that has occurred throughout history with the mobility of military forces, exploration and trade. This article seeks to provide a short overview of the main considerations and how the risk of transmission of communicable disease and infection can be minimised, particularly in relation to air travel and Aeromedical Evacuation (AE). The paper sets out the general principles of assessing and dealing with the risks of transmission and contamination.  References have been carefully chosen and provide a wealth of detailed information.
1.0
INTRODUCTION
1.1
Examples from Antiquity

1.1.1
The ‘Plague’ of Athens
The potential for military personnel and civilians to become infected with a communicable disease and to spread this is well documented.  Thucydides provided an account of the Athenian ‘Plague’ of 430BC.  Although scholars continue to debate the aetiology and at least 30 causes have been suggested, one thing is clear - movement played an important role.  Those who moved from the countryside to the city were at greater risk of contracting the disease. Moreover the ‘Plague’ was thought to have originated in Upper Egypt and to have arrived at the Athenian port of Piraeus.1
1.1.2
The ‘Plague’ of the Antonines
The ‘Plague’ of the Antonines (also known as the ‘Plague’ of Galen) presents another example of transmission of a communicable disease involving the military and civilians.  According to Smallman-Raynor and Cliff 2 the ‘Plague’ lasted 15 years from AD 165 and is speculated to have been due to Smallpox.  Troops returning to Rome spread the disease to the civilian population and it subsequently spread throughout the rest of Italy and possibly to the Atlantic shore and the Rhine. 
1.2
Military Deployment in the 21st Century

1.2.1
Biological Defence

The scope of modern warfare and expeditionary operations is extensive.  Force Preparation requires adequate assessment of the risks to military personnel posed by both naturally occurring communicable diseases and the possibility of biological agents being used offensively either by Armed Forces or terrorists.  The NATO Handbook on the Medical Aspects of NBC Defensive Operations provides an ‘overview of potential biological warfare agents directed against human beings, problems that might be created during an attack in which a biological agent is utilized, and the current methods available to medical personnel for recognizing, preventing, and managing these problems.’ 3   The Handbook defines a biological agent as a microorganism (or a toxin derived from it) which causes disease in man, plants or animals or which causes the deterioration of material. The Handbook usefully describes the characteristics of biological agents which include infectivity, pathogenicity, virulence, and routes of transmission and possible dissemination.
1.2.2
Endemic and emerging communicable disease
The possibility of military personnel becoming infected with a highly communicable contagious disease has always to be borne in mind by the Chain of Command and military medical and Public Health staff and appropriate policy adhered to and implemented.  It is important to note that numerous epidemiological studies have suggested an upward trend in the reported incidence of emerging and re-emerging zoonoses in the last decade.4   The emergence of Severe Adult Respiratory Syndrome (SARS) in 2003 was a major international source of concern.  It was found to be due to a coronavirus that had not previously infected humans but which infected a range of animals - the masked palm civet was identified as the most likely candidate for having transmitted the coronavirus to the original cases of food handlers in Southern China.  
2.0 HUMAN MOVEMENT

2.1  Birth of The Expeditionary Spirit
Le Roy Ladurie has commented that the period from 1300 to 1650 was involved with the birth of the expeditionary spirit brought about by maritime endeavour and increasing navigation of the globe.5  Military, economic, and exploratory activities led to conquest, trade and travel and increasing interaction between different populations.  Communities which had no previous experience of the disease had no herd immunity at all and as immunologically naive populations were vulnerable to the rapid development of epidemics often with disastrous consequences.
2.2  Spread of Communicable Diseases 
Explosive epidemics occurred as a result of communicable diseases being carried from Europe and mixing of the populations of the Old and New World.  Syphilis, measles and smallpox were notable examples of diseases that were responsible for decimating communities.  The risk of this happening did not abate after 1650 and the case of the Smallpox Outbreak in Iceland from 1707 – 1709 is instructive as it was caused by artefacts rather than contact with an infectious individual. A native Icelandic seaman visited Denmark where he contracted Smallpox.  He was subsequently buried at sea but his clothing was returned to Iceland.  Approximately 25% of the island’s population of approximately 50,000 perished as a result.6
 2.3  Travel in the 21st Century
The threat of communicable diseases being transported to distant communities is even greater today as the potential for population movement has increased enormously with he need to control the risk of disease being imported into countries is at the heart of the WHO International Health Regulations.  This is particularly important as an individual may travel halfway around the globe, disembark at the destination and still be incubating a serious transmissible disease, but not be manifesting any clinical features to alert medical and Public Health specialists.  World travel demand is estimated to continue to rise from 33 trillion passenger-km in 2000 to 105 trillion-km in 2050 with developing nations contributing an increasing share of this.7
3.0 RISKS – TRANSMISSION/CONTAMINATION
3.1  Risk - considerations

Assessing risk should be done systematically – this is best achieved if key considerations are made explicit.  These include the:

· nature of the risk – what microorganism? what disease? what characteristics does it have?

· potential routes of transmission of the microorganism or toxin.  Green has summarised these in terms of spread in the aircraft cabin environment and has made  the important point, “with few exceptions, person-to-person transmission of disease occurs from people who are symptomatic.  This has important implications for passenger aircraft.”  The exclusion of symptomatic patients from the flight will avoid transmission if this is deemed the correct course of action and when this is not the case, infection-control precautions can be tailored to the patient’s symptoms, whether these are present prior to take-off or if they occur during flight.8
· populations at risk in terms of time, persons, place; military and civilian roles 

· probability of having been exposed
· probability of contracting the disease
· actions that can be taken to avoid or reduce the risk;

· assessment of whether simple practical solutions apply or there is a need for complicated and potentially expensive solutions to deal with the risk.  
It is important to indicate levels of uncertainty in providing answers to the above in order to gauge the risk
3.2  Risk – assessing every patient
In order to not miss cases that may pose the risk of transmitting infection (e.g.due to a wound infection) or a communicable disease, it is extremely important that clinical staff continuously consider these possibilities and particularly when patient movement is contemplated.  Protocols and checklists can be used as initial screening tools e.g. for symptoms and signs such as fever, cough, diarrhoea and vomiting, rash and bleeding, to identify relevant patients and minimise the risk of transmission.  With regard to the Royal Air Force, this is incorporated in Aeromedical Evacuation (AE) policy and supporting instructions.
3.3  Pathogens

3.3.1
Viral Haemorrhagic Fevers (VHFs)
VHFs are caused by a taxonomically diverse group of RNA viruses that have been isolated and characterised since the late 1960s.  They have probably existed for many thousands of years and continue to evolve in a variety of animal reservoirs, and can be spread by body fluids, aerosols, droplets, cadavers and clothing/bedding.  They are known as exotic viruses and are generally associated with high rates of morbidity and mortality.9  Trexler, Emond and Evans published details of a negative-pressure plastic isolator for patients with dangerous infections in 1977.10  The previous year, Clayton et al had published their findings of smoke pattern studies to elucidate airflow patterns in the C130E (Hercules) airframe followed by qualitative evaluation of the spread of non-pathogenic organisms in this airframe and the Boeing 707.11  The results revealed that contamination was shown throughout the whole of the C130E with venting to the fore on the flight deck, thus leading to the conclusion that a portable self-contained isolation unit must be used to transport a patient with a highly virulent dangerous communicable disease on this aircraft.  Although they concluded that placing a patient in the rear of the 707 was a possible strategy as long as the air conditioning was maintained, the World Health Organisation (WHO) advice is that the transport of VHFs from endemic to non-endemic areas should only occur in exceptional circumstances using high-containment isolators.12  Several military forces with responsibility for AE have pursued this line of development including the Royal Air Force 13 and the US Army Medical Research Institute of Infectious Diseases (USAMRIID). 14   IppolitoG et al have described the response model of the Instito Nazionale per la Malattie Infettive (INMI) at the Lazzaro Spallanzi Hospital in Rome.  They have reported that ,”for transportation of patients suspected to be affected by VHF or smallpox, two fully equipped ambulances are available with a sealed negative pressure section that is completely isolated from the other two sections (one for the driver and the other for the external staff).  The air is expelled outside through HEPA filters. The isolation section is minimally furnished and stripped of unnecessary devices; needed sharps can be easily removed and the interior is easy to decontaminate.” 15  
3.3.2
Tuberculosis

The emergence of multi-drug resistant TB (MDR-TB) and extensively drug-resistant TB (XDR-TB) has raised the profile of minimising spread of TB.  The World Health Organisation published guidelines for prevention and control in respect of Tuberculosis and air travel in 1998; the 3rd Edition was published in 2008, importantly taking account in Annex 1 of the revision of the International Health Regulations 1005 (IHR) which came into force in June 2007.16  Moreover the 3rd Edition provides “greater clarity in the definition of infectious index cases; procedures for the follow-up of contacts of infectious cases; and a more detailed definition of the roles and responsibilities of agencies involved.” The significant point is that, “available evidence indicates that the risk of transmission of M. tuberculosis on board aircraft is low and limited to persons in close contact with the infectious case for 8 hours or longer.”
3.3.3
Influenza and Severe Acute Respiratory Syndrome (SARS)
Unlike Tuberculosis, Influenza has the propensity to be transmitted with a much shorter contact time – in the region of one hour.  Marsden described the spread of an acute influenza-like illness (ILI) in workers returning by a BAe 146 aircraft (a 75-seat jet aircraft) to an isolated mine in north-western Australia.17  The index patient was identified as unwell by a mine supervisor but was allowed to board the plane.  Over the course of the next 3-4 days, 15 passengers developed an ILI.  It follows that beyond any problems experienced with airflow in the cabin in flight, if the aircraft ventilation system is not functioning or switched off as may occur during lengthy waits on the ground at an airport, the attack rate can escalate substantially.  With regard to Pandemic Influenza, transmission is likely to follow the main routes of travel and trade.18  Experience with the international spread of SARS highlights the potential and importance of air travel in the global spread of a highly communicable disease and the need to rapidly institute international collaboration and control measures.19  The Centers for Disease Control and Prevention issued guidance to assist air medical transport service providers in using specialized and/or specially equipped aircraft to transport SARS patients, while ensuring the safety of patients and transport personnel.  This was not aimed at generalization to commercial passenger aircraft.20.
3.2
Planes

In order to be able to assess the risk of communicable disease transmission/contamination it is necessary to understand the ecology of the aircraft cabin.  Withers et al have produced a highly instructive chapter on aeromedical evacuation of patients with contagious diseases and they deal in some depth with ventilation, air distribution systems and airflow patterns and specific airframes.21  It is of interest that high-efficiency particulate air (HEPA) filtration was originally introduced for removing tobacco smoke during air travel (there were commercial grounds for using recirculated air to the cabin to add to jet engine efficiency).  HEPA filters are 99.7% effective for removing particles 0.3 μm diameter.  Withers et al draw attention to the type and direction of airflow during flight having important implications for the spread of infection and state that, “in general, the circumperipheral mode is preferable to the longitudinal because it minimises aircrew exposure to contaminated air.”  Kelly has provided advice on aircraft hygiene and states,”all cleaning and disinfectant materials used on board an aircraft must comply with the Aerospace Material Specification (AMS) 1452 of the Society of Automotive Engineers to ensure they do not have a deleterious effect on the fabric of the aircraft.”22  This provides considerable restriction as many detergents and microbiocidal products are prohibited.  In this context the use of patient high containment isolators has advantages in substantially reducing the risk of contamination of the airframe.
4.0 POLICIES AND PROCESSES

4.1
National and international collaboration.
The formulation of effective national policy regarding the movement of highly contagious patients is dependent on international collaboration and the sharing of research findings and information.  Air travel has maximised the movement of humans around the globe and with it the potential for spreading communicable disease.  It is a good maxim to defer transfer of a patient until they are no longer infectious, however the clinical situation may not allow this.  If the decision is made to transport the patient, the policy must be to achieve biosafety containment and rigorous application of appropriate infection control measures.
4.2
Policy implementation and practice

As with any other area of specialist activity, policy needs to be translated into protocols and personnel need to be trained to ensure that they are clear about their roles and responsibilities and how these should be achieved.  This is particularly the case for personnel who may be called upon as part of an aeromedical isolation team.  The value of validated training and exercising cannot be over-stressed, particularly as the frequency of having to ‘do it for real’ may be measured in years rather than months.
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