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Investigating the emergence of pathogen X

It has been predicted by WHO and other international experts that it is almost certain that a novel
pathogen (collectively termed as ‘pathogen X”) will emerge and cause another global outbreaks
again in the future. Therefore, it is important to learn from this COVID-19 pandemic to better
prepare for the future pathogen. It was evident that pathogen genomic data and analyses are very
useful to investigate the disease transmission, because the transmission leave footprints on the
pathogen genome sequence. For example, phylogenetic tree analysis of the pathogen genome
sequences can find the relatedness of the newly emerged pathogen in human to any existing known
pathogens, shedding light on the animal source of human infections [1, 2, 3]. It can also be used to
track the time when the disease emergence started [4, 5], particularly based on the principle that
many pathogens especially fast-evolving RNA viruses mutate in certain rate over the time
(different types of pathogens may have different mutation rates) [6], and thus the more mutations
indicate the more distant evolutionary relationship between the two pathogen sequences. This
approach is useful to model the evolution of the pathogen and back track its emergence history.
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Figure 1. The concept of analysing disease transmission footprint in pathogen genomes.

(A) A scenario of disease transmission (indicated by black arrows) in chicken, which subsequently
transmitted to three human patients. Mutations (green stars or dark bars in the rectangle) can occur
in the pathogen genome when it infected a chicken or human host; the mutant pathogen might
transmit to the next host. Pathogen samples from several hosts (four chicken and two humans in
this example) were sequenced. (B) The pathogen genomic sequences (illustrative) obtained from
the hosts A-F. (C) A phylogenetic tree can be built based on the genome sequences, where the tree
branch lengths reflects the amount of mutations occurred in the genomes, and the grouping of
branches refer to the hypothetic ancestor. For example, the node grouping E and F is called ‘the



most recent common ancestor’ of E and F, which is the patient zero (the first patient who has not

been sequenced) in the human transmission cluster. The scale bar shown on the left indicates the

branch length that reflects a single mutation in the sequence.
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Figure 2. The phylogenetic tree built from the virus sequences from human patients (red) and

infected chickens (blue).

Tasks

Imagine that recently there was an outbreak of respiratory diseases by unknown cause. The

pathogen from the patients was soon sequenced and revealed to the genetically related to a virus

previously found in chicken. A phylogenetic tree was built from the pathogen genetic sequences

obtained from the 22 human patients (names start with ‘Human/...”) in the outbreak and infected
chickens (names start with ‘Chicken/...”). Your team is requested to analyse based on the

phylogenetic tree to answer the following questions in your report:



a. How fast did this new pathogen evolve when it was transmitting in human population (i.e.
what is the mutation rate in the unit of ‘mutations per year’ or ‘mutation per day’)?

b. When did this new pathogen start the outbreak in humans? How many days earlier than the
first reported case?

c. What might this viral pathogen be? Why? (This is an open question.)
Based on all the data and your findings, what are your suggestions on preventing the future
similar outbreaks from happening? (This is an open question.)
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Submission

Your solution paper should include a 1-page Summary Sheet and a piece of short public science essay.
The body cannot exceed 20 pages for a maximum of 23 pages with the Summary Sheet and short
essay inclusive. The appendices and references should appear at the end of the paper and do not count
towards the 23 pages limit.
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