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Abstract 5 

Emerging pathogens are some of the most deadly pathogens that humanity has to face, with high mortality 6 

rates and the potential to cause mass panic. The Ebola crisis in 2013-2015 and the Zika outbreak of 2016, as 7 

well as earlier crises such as Swine flu, avian flu and SARS this millennium, brought the dangers of emerging 8 

pathogens to the public consciousness. Often occurring at the frontiers of humanity, emerging pathogen 9 

outbreaks are frequently zoonotic, jumping from apathogenic animal hosts into humans with no pre-existing 10 

immunity. Compounding the problem, areas where humans encounter animals most closely often have poor 11 

healthcare infrastructure, preventing effective treatment and management of outbreaks. In this review we will 12 

look at emerging pathogen outbreaks, how they have happened in the past, and why zoonotic infections cause 13 

such high mortality rates. We will also look at healthcare solutions in progress that can manage, prevent and 14 

predict outbreaks. 15 

* * * 16 

Emerging pathogens present one of the biggest biological threats to human health. 100 years ago 17 

Spanish Flu ravaged the world following WWI, causing illness in up to 30% of the population [1] 18 

and killing 100 million; many more fatalities than the preceding four year war. Even further back, 19 

the synergy of black death in the old world[2], and smallpox  in the new, led to a mini-ice age[3] as 20 

lower populations could not farm enough land to prevent forest regrowth and thus CO2 21 

absorption[3]. In the late 20th and early 21st  centuries we have seen the outbreak of HIV[4], Ebola[5], 22 

SARS[6] and multiple strains of pandemic flu[7-8];  all representing major threats to global health. 23 

The most severe emerging pathogens, and the ones discussed in this review, are invariably viruses. 24 

Viruses are one of the smallest biological entities, consisting of nucleic acid (either RNA or DNA), 25 

wrapped in a protein shell called a capsid[9]. Virus structures are so small and their parasitic lifestyle 26 

so different to, and dependent on, other organisms that their definition as living remains a 27 

scientifically contentious issue[10]. 28 
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 29 

The Viral Life Cycle 30 

The viral life cycle (Fig. 1) begins when a virus adheres to a host cell. The interaction is mediated by 31 

two proteins; one on the virus, one on the target cell. The first is the viral glycoprotein, a protein 32 

which has been post-translationally modified by covalently attached sugars; this glycosylation 33 

determined by the antecedent host cell [11]. The glycoprotein is unique to each virus species and, 34 

exposed on the capsid surface, can interact with the host. To initiate cell entry requires the binding 35 

of the viral glycoprotein with a host membrane protein. Each viral glycoprotein interacts with a 36 

specific receptor, or set of receptors, displayed on the target cell membrane[11]. The variation in 37 

receptor expression across host cell types and between host species determines the tropism (“cell-38 

specificity”) of viral infection[11]. 39 

 40 

Measles (MeV) is well characterised virus with an elucidated entry mechanism. The surface 41 

hemagglutinin is the glycoprotein[12] and can interact with multiple cell surface receptors, such as 42 

SLAM and Nectin-4[12]. However, within the same species we can see viral glycoproteins adapt to 43 

target new receptors. The hemagglutinin of MeV vaccine strains has mutated to bind to, and initiate 44 

cell entry through, the CD46 protein[12] for example (Fig. 2). This mutation gives the virus a broader 45 

target cell tropism, and has been seen in mutant populations outside the lab[12]. 46 
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 47 

PPR (Peste des petits ruminants) is a potential emerging pathogen closely related to measles. In small 48 

ruminants its symptoms include pyrexia, gastroenteritis and necrotizing stomatitis, culminating in 49 

death[13]. The differences lie exclusively in host receptor preference. PPR hemagglutinin, like MeV 50 

hemagglutinin, binds to the SLAM receptor on the cells of sheep and goats, initiating cell entry[13]. 51 

However, due to small mutations on the SLAM receptor between humans and ruminants, the PPR 52 

hemagglutinin cannot bind to human SLAM; preventing PPR from making the jump from animal 53 

pathogen to emerging human pathogen. 54 

Emerging pathogens arise when diseases such as PPR make the jump from an animal to a newly 55 

exposed human host, with glycoproteins that bind readily to human cell surface receptors, allowing 56 

the virus to replicate throughout the human host. These interspecies jumps, to a host with no pre-57 

existing immunity or evolved resistance, leads to outbreaks with extremely high mortality. I will 58 

now consider some of the outbreaks that have occurred within the 21st Century and how they 59 

emerged. 60 

 61 

Avian Influenza 62 

Avian Flu is one of the most commonly feared emerging pathogens, periodically breaking out in 63 

pockets across the globe. Flu has earned this reputation as a consequence of its ubiquity, annually 64 
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killing up to 650,000 people worldwide[14]. The aforementioned Spanish Flu[1], for example, was 65 

one on the most lethal epidemics humanity has ever seen. 66 

Flu is a negative sense strand RNA virus, of the family Orthomyxoviridae, with a genome divided 67 

into 8 segments[15]. Specific strains are defined by two surface glycoproteins, hemagglutinin (H) 68 

and neuraminidase (N).  Alongside native pools of infectious influenza in humans, it is also endemic 69 

in bats, birds, pigs, dogs and cats[15]. Within  their endemic species, influenza circulates and would 70 

not be classed as an emerging pathogen. However, influenza pandemics can occur when the 71 

genomes of influenza from different species re-assort[15]. Often using pigs as melting pot[16], re-72 

assortment occurs when two strains of influenza simultaneously infect the same cell (Fig. 3). The 73 

two parent viruses proceed to produce capsid proteins and copy their RNA into 8 segments. As the 74 

RNA gets packaged, genetic material from different parent viruses can end up in the same capsid, 75 

producing a recombinant organism. With co-infection of just two strains there are 256 different 76 

possible combinations in which the RNA can be packaged, producing a huge number of variant 77 

strains. The result is an organism that can potentially infect a new, immunologically naïve, host; that 78 

is to say, a perfect emerging pathogen. Examples of this include swine flu[16] (H1N1) and avian 79 

flu[17] (H5N1). 80 

 81 
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H5N1,  a purely avian influenza with no circulating human strain,  appears to have evolved in the 82 

late 20th century[17]. It infects many species, including poultry and wild birds[17]. On infection of the 83 

former, the close contact with human keepers provides sufficient exposure for the virus to make the 84 

species jump from birds to humans [17]. Once contracted H5N1 has an estimated 50% mortality rate 85 

in humans[18], which would cause a catastrophic pandemic if human-human transmission became 86 

commonplace. 87 

Influenza is clearly a dangerous emerging pathogen. The relative mildness of seasonal flu makes 88 

populations complacent about the risk. However, combining significant levels of contagiousness 89 

with potentially high mortality rates, influenza likely poses the largest risk to global health of any 90 

emerging pathogen. 91 

 92 

Filoviruses 93 

The filovirus family contains two viral species, Marburgvirus and Ebolavirus; some of the most lethal 94 

pathogens known to man. The family contains six species, Marburg virus (MARV) and five species 95 

of Ebolavirus. The Zaire, Sudan, Tai Forest and Bundibugyo strains all cause human disease[19], 96 

whilst Reston Ebolavirus only infects monkeys [19]. Reston is also unique in that it is endemic to the 97 

Philippines[19]; 10,000Km from Sudan, the closest reservoir of any of the other filovirus. Here I will 98 

focus on the worst of the filoviruses, the Zaire (up to 90% mortality)[20] and Sudan (up to 65% 99 

mortality) strains [20]. 100 

The first records of Ebolavirus occur in 1976[21], with the first Sudan outbreak occurring in July 101 

(65% mortality rate)[21] and the first Zaire outbreak beginning in late August[22] (88% mortality 102 

rate[20]) of that year. Such devastating mortality is one of the hallmarks of emerging pathogens. For 103 

Ebolaviruses a challenge has been finding the original animal reservoir. The first transmission of 104 

ebolavirus into humans is thought to have come from contact with animals, probably via 105 

consumption of bush meat[22]. Though filoviruses appear to have spread to humans from monkeys 106 

or apes, we know that they are not the natural host, as they also suffer severe mortality from these 107 

infections [23][24]. The most likely animal reservoir are bats[25], which are also the reservoir for 108 

Marburgvirus; though how they remain infected without symptoms is unknown. 109 
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Ebolavirus infection causes severe haemorrhagic fever, as uncontrolled viral replication destroys 110 

host cells and leads to systemic infection. The Ebola glycoprotein binds NCP1[27], a cholesterol 111 

transporter expressed by many cell types. This gives Ebolavirus the potential to infect a wide range 112 

of species and cell types, thus producing simultaneous infections across the body. Particularly 113 

targeted are dendritic [28] and endothelial cells[29]. Targeting the former helps Ebola infections 114 

evade the adaptive immune response[28], allowing infection to spread unchecked. Specific targeting 115 

of endothelial cells causes the symptoms of haemorrhagic fever. As these cells lyse on virus particle 116 

exit, blood vessels weaken resulting in bleeding in the GI tract[29], and out of all bodily orifices[29]; 117 

a truly horrific series of events leading to rapid death in the majority of infected individuals. Cause 118 

of death is hypotension following mass blood loss, leaving the afflicted unable to supply sufficient 119 

oxygen to their tissues. 120 

 121 

HIV 122 

Human Immunodeficiency Virus (HIV) is one of the most successful emerging pathogens, having 123 

spread as a pandemic around the world and now thought to have infected 70 million people[30]; 124 

with almost 35 million people dying of AIDS in the last 40 years[30]. HIV is part of a family of 125 

immunodeficiency viruses, which infect mammals including both cats[31] and non-human 126 

primates[32]. The latter appear to be the endemic host of the HIV-related SIV (Simian 127 

Immunodeficiency Virus), which circulates in the population, without causing AIDS-like 128 

symptoms[32]. At some point in the 1970s, contact between non-primate and human bodily fluids 129 

led to transmission into humans[33]; an event only apparent many years later when Acquired 130 

Immuno-deficiency Syndrome (AIDS) was first recognised in 1981[33]. 131 

The HIV-1 M strain is responsible for the continuing pandemic and initiates cell entry through 132 

interaction between CD4 and another receptor[34]. The requirement for CD4 binding determines 133 

cellular tropism as HIV only infect CD4+ T-cells[34], part of the adaptive immune system. The virus 134 

is split into the two sub-strains depending on the accessory receptor used to initiate cell entry. The 135 

R5 strain uses CCR5, whilst X4 uses CXCR4[34]. Post entry, HIV replication is different to that of the 136 

previously discussed viruses. HIV is a retrovirus, meaning that in execution of its lifecycle the viral 137 
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genetic code of the virus is integrated into the host  genome[35]. With HIV DNA within the host cell 138 

nucleus the virus remains relatively dormant, producing low levels of virus particles[35] which 139 

remain undetected by the immune system. 140 

AIDS arises after many years of such asymptomatic infection, during which HIV can be 141 

disseminated without the afflicted knowing they are a carrier. After a period of latency, which can 142 

vary widely, the patient progressively develops AIDS[36]; typified by significant depletion in CD4+ 143 

T-cells within the immune system. Although CD4+ cells are destroyed in the early stages of infection, 144 

pre-AIDS[36], these are regenerated from progenitor cells, allowing the immune system to continue 145 

to function. The ability for the immune system to regenerate degrades with chronic HIV infection[36] 146 

however, and eventually the body can no longer replace the lost CD4+ cells, leading to rapid 147 

depletion and development of AIDS[36]. CD4+ cells are a crucial part of the immune system, known 148 

as T-helper cells[37]. They manage the rest of the immune system, activating in the case of 149 

pathogenic threats[37]  and dampening responses against the host’s own proteins[37]. CD4+ cells 150 

also modulate the host response depending on the pathogen, activating tailored responses against 151 

viruses, bacteria and parasites[37]. Without CD4+ cells to regulate the immune system in AIDS, 152 

immune responses cannot be mobilised. The hallmark of AIDS is the presence of secondary 153 

opportunistic infections such as the bacterial Pneumocystis carinii, or Mycobacterium tuberculosis[36], 154 

viral infections such as herpes simplex or adenovirus[36], or opportunistic cancers such as Kaposi’s 155 

sacrcoma[36]; all examples of diseases which would normally be prevented by the mounting of a 156 

robust immune response. 157 

To summarise, emerging pathogens are clearly one of the biggest threats to human health. The 158 

capacity for explosive outbreaks, akin to Spanish influenza, or for a slow seep into the populace, as 159 

seen for HIV, means continued vigilance is essential.  To this end, dedicated research teams are 160 

constantly on the lookout for emerging pathogens; tracking outbreaks and developing therapeutics 161 

and/or preventative methods to treat and stop outbreaks in their tracks. In the last six months alone, 162 

the DRC has seen three Ebola crises; each with high mortality rates. Through effective public health 163 

measures, treatment, and vaccination regimes, each outbreak has been contained to no more than 164 

100 cases at the time of writing. 165 

 166 
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