


Virus host shifts
Ben Longdon

b.longdon2@exeter.ac.uk

benlongdon.com

@b_longdon



Host shifts

Exposure

Infection 
and

evolution

Transmission

x x



Changes in virulence following host shifts
§ Virulence = the harm a parasite does to its host

§ Virulence following a host shift can be high, e.g:

§ Ebola
§ Influenza
§ SARS coronavirus
§ Hendra virus



The host phylogeny and virulence
§ Host phylogeny is important determinant of host shifts 

§genetic distance from the natural 
host

= ‘distance effect’

§groups of related hosts show similar 
levels of susceptibility independent 
of distance from natural host 

= ‘phylogenetic effect’
b 

Infection success 
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Reviewed in Longdon et al 2014 PLoS Pathogens  tinyurl.com/Longdon-2014 

Longdon et al 2011 PLoS Pathogens  tinyurl.com/Longdon-2011a



The host phylogeny and virulence
§ Host phylogeny is important determinant of host shifts 

§genetic distance from the natural 
host

= ‘distance effect’

§groups of related hosts show similar 
levels of susceptibility independent 
of distance from natural host 

= ‘phylogenetic effect’

§Is pathogen virulence determined by the host phylogeny?



Study system
§ Hosts: 48 species of Drosophilidae

§ Pathogen: Drosophila C virus (DCV)

§ positive sense RNA virus in the family 
Dicistroviridae

§ naturally infects D.  melanogaster
§ horizontally transmitted

picornaviruses (Fig. 2A). The 30 ORF2 encodes a 100 kDa polyprotein from
which the capsid proteins are produced. Other differences with members
of the Picornaviridae are the absence of one of the two proteases (2A), and
of the 2B and 3A proteins. DCV from then on became the prototype
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Experimental design
§ Infected 48 species of fly with DCV

§ Virulence= mortality for 20 days post-infection

§ Also measured the change in RNA viral load 
with qRT-PCR
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Phylogeny and virulence
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Ancestral trait reconstructions



Analysis

• Phylogenetic mixed model (MCMCglmm)

• Fixed effect= distance from the natural host

• Random effects= Vp (phylogeny), Vs (species), Ve (residual)

• Phylogenetic effect= Vp / (Vp + Vs)



Model: Distance effect

§ No effect of distance from the “natural” host on virulence

Longdon et al (2015) PLoS Path  tinyurl.com/Longdon-2015



Model: Phylogenetic effect

§ No effect of distance from the “natural” host on virulence

§ The host phylogeny explains a large amount of the 
variation in:
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Phylogenetic effect

§ No effect of distance from the “natural” host

§ The host phylogeny explains a large amount of the 
variation in:

- Virulence: 75% (95% CI= 48%-97%)

- Viral load: 67% (95% CI= 33%-93%)

§ Closely related species have similar levels of virulence 
and viral loads

Longdon et al (2015) PLoS Path  tinyurl.com/Longdon-2015



Phylogenetic effect: ancestral traits
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Correlation between viral load and virulence

Phylogenetic correlation = 0.76 (0.44-0.99)
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Katherine  Roberts

• Phylogenetic signal in thermal 
tolerances of Drosophila

• Thermal optimas and virus 
susceptibility



Brrrr! Phew!



Effect of temperature

Temperature
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Viral Load by Temperature
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Effect of temperature

Temperatures Correlations 95 % CI’s
Low-Medium 0.92 0.90-0.99

Low-High 0.89 0.77-0.98
Medium-High 0.97 0.93-0.99

Strong correlations in viral load across temperatures



Variance increases with temperature
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Effect of temperature
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What about diet?



What about diet?



Diet

P:C$Ra'o$
$High$1:5$or$Medium$1:10$or$Low$1:20$$

Survival(
assay(

DCV(or(control(
inocula2on.(

Mortality(checks(for(
21(days((

27$Drosophilidae$species$

Viral(load(
assay(

DCV(inocula2on(–(
frozen(day(0(or(day(2(

post@infec2on(
(

x3(replicates(for(each((
Roberts and Longdon 2021 JEB  tinyurl.com/KatRoberts-2021



Diet
• Strong positive inter-species correlations in both viral 

load and mortality across diets

Roberts and Longdon 2021 JEB  tinyurl.com/KatRoberts-2021



Diet

• Protein:carbs just one 
aspect of diet –
increasing evidence lipids 
may be important…

(Zanco et al 2021 eLIFE and 
Chtarbanova et al 2014 J of Virology)

• Strong positive inter-species correlations in both viral 
load and mortality across diets

Roberts and Longdon 2021 JEB  tinyurl.com/KatRoberts-2021



Why are some species more susceptible than others? 

Abstract
Novel infectious diseases continue to emerge within human populations. Predictive studies have begun to identify pathogen traits
associated with emergence. However, emerging pathogens vary widely in virulence, a key determinant of their ultimate risk to public 
health. Here, we use structured literature searches to review the virulence of each of the 214 known human-infective RNA virus 
species. We then use a machine learning framework to determine whether viral virulence can be predicted by ecological traits,
including human-to-human transmissibility, transmission routes, tissue tropisms, and host range. Using severity of clinical disease 
as a measurement of virulence, we identified potential risk factors using predictive classification tree and random forest ensemble 
models. The random forest approach predicted literature-assigned disease severity of test data with mean accuracy of 89.4% 
compared to a null accuracy of 74.2%. In addition to viral taxonomy, the ability to cause systemic infection was the strongest 
predictor of severe disease. Further notable predictors of severe disease included having neural and/or renal tropism, direct contact 
or respiratory transmission, and limited (0 < R0 ≤ 1) human-to-human transmissibility. We present a novel, to our knowledge, 
comparative perspective on the virulence of all currently known human RNA virus species. The risk factors identified may provide
novel perspectives in understanding the evolution of virulence and elucidating molecular virulence mechanisms. These risk factors 
could also improve planning and preparedness in public health strategies as part of a predictive framework for novel human 
infections.



Tissue Tropism

Image via @Sci_Flies

• Head
• Crop
• Gut
• Malpighian tubules
• Sex tissues
• Body

Image via Alicia Hidalgo lab
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How does susceptibility vary to different pathogens?
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Why are some species more susceptible than others? 



Ryan Imrie

How does susceptibility vary to different pathogens?



How does susceptibility vary to different pathogens?

DCV CrPV

Symptoms Gut pathology causing 
intestinal obstruction, 

reduced faecal
excretion rate

No gut pathology or 
intestinal 

obstruction

Suppression of 
immune 
response

Sequesters dsRNA, 
interferes with RISC 

formation

Inhibits Ago-2 slicing 
activity
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DCV experimental evolution
• 19 host species
• 6-10 lineages per species

passage 1 passage 2 passage 10

…

…

…
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Summary

§ The host phylogeny is important for understanding host 
shifts

§ Species’ susceptibilities may respond in different ways to 
changes in temperature

§ Related pathogens have similar characteristics in novel 
hosts
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