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As they near the end of their lifespan, wild animals often experience profound declines in
quality known as “senescence”. When older individuals exhibit weaker immunity
(“immunosenescence”), they may be able to compensate by becoming less social, thereby
reducing their exposure to pathogens. To date, despite an ever-expanding wealth of
information on social networks in disease ecology, it is unclear whether wild animals
experience age-related declines in social behaviours, how these changes alter exposure
rates, and whether this process might compensate for immunosenescence. Here, I use a wild
population of red deer (Cervus elaphus) on the Isle of Rum, Scotland, to investigate the links
between ageing, social behaviour, helminth infection, and fitness. I employ a suite of novel
spatial and social network analyses to show that a range of intrinsic and extrinsic processes
contribute to age-related declines in social network centrality over the course of an adult
deer’s lifespan. I further demonstrate that within-individual reductions in social behaviour are
associated with reduced burdens of nematode parasites. Taken together, these results
demonstrate that parasite infection is a potentially important driver of age-related behaviour
changes that ultimately determine large-scale demographic structuring in this wild
population. Moreover, they imply that age-related behavioural changes may be adaptive,
functioning to balance the costs of a waning immune system, rather than emerging from
physiological weakness and an inability to compete with younger conspecifics.
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Heterogeneity in viral infections increases the rate of deleterious mutation
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RNA viruses have high mutation rates, with the majority of mutations being deleterious. We
examine patterns of deleterious mutation accumulation over multiple rounds of viral
replication, with a focus on how cellular coinfection and heterogeneity in viral output affect
these patterns. When unique viral genotypes with differential fitness coinfect a cell, the
production of viral progeny is likely to use proteins from multiple parental viral genotypes. This
results in group-level phenotypes that have the potential to influence selection. Specifically,
using agent-based intercellular simulations we find, in agreement with previous studies, that
coinfection of cells by viruses relaxes the strength of purifying selection, and thereby increases
the rate of deleterious mutation accumulation. We further find that cellular heterogeneity in
viral output exacerbates the rate of deleterious mutation accumulation, regardless of
whether this heterogeneity in viral output is stochastic or is due to variation in cellular
multiplicity of infection. These results highlight the need to consider the unique life histories of
viruses and their population structure to better understand observed patterns of viral
evolution.
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MCR bearing Salmonella enterica phylogeny and the evolution of antibiotic
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The emergence of new antibiotic resistance mechanisms is a major public health concern.
Colistin is a last resort antibiotic to which resistance genes have increasingly been reported,
with at least 10 different variations registered to date. Although colistin is not a preference for
clinical treatment, it is widely used in animal production, creating an environment where
resistance can rise, spread, and be undetected. Salmonella enterica is a gram-negative
bacterium that can infect both humans and livestock and has been shown to carry mobilized
colistin resistance (mcr) genes, posing as a potential threat to public health. In order to
control mcr spread and antibiotic resistance rise on Salmonella enterica a better
understanding of evolutionary context is necessary. Here, we analyze the phylogenetic
relationship among Salmonella enterica isolates coming from environmental and clinical
context and harboring at least one plasmid with mcr genes (mcr-1 to mcr-9) as well as their
pangenome. Moreover, we also analyze the phylogenetic relationship of the plasmids
present on those isolates, unraveling the relationship among different mcr variants in
Salmonella. This data provide a better understanding of colistin resistance spread and status
on Salmonella and can be useful to prevent it by public health measures.
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The COVID-19 pandemic has been characterized by great uncertainty, particularly during
the earlier stages when less was known about transmission dynamics and the efficacy of
preventative actions. Prior infectious disease research had highlighted the potential for large
outbreaks in highly structured transient populations, such as returning University students
interacting with local communities. Concern at Pennsylvania State University, home to
approximately 35,000 returning students, prompted the development of a longitudinal cohort
study to examine the communication and interaction between the two cohorts, and the
effect on SARS-CoV-2 incidence within each, surrounding and during the 2020 Fall term.
Despite high incidence observed within the returning student cohort (31.2% of 625 returned
positive IgG titers), the seroprevalence within the surrounding community remained low and
stable either side of the Fall 2020 term (5.5% prior; 8.2% post). Correcting for plausible values of
antibody test specificity and sensitivity, no scenarios demonstrated a significant increase in
community seroprevalence. 94.1% of students reported PCR tests prior to study enrollment,
with only 15.8% listing a positive result, of which 93.3% occurred after the start of the Fall term.
Only contact with a known COVID-positive individual, and attendance of gatherings up to 50
individuals, were significant predictors of antibodies among returning students. These results
indicate that the majority of infections among returning students occurred on campus, and
the potential for local-scale heterogeneity in mixing with rare transmission between cohorts.
The underlying mechanism of the disparate transmission dynamics is currently not known, but
is the subject of ongoing components of the Data4Action project: multiple waves of student
and community resident serology samples and behavioral survey responses will allow for a
deeper exploration of the individual risk factors within each cohort.
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Circulation of Babesia Species and Their Exposure to Humans through Ixodes
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Human babesiosis in Europe has been attributed to infection with Babesia divergens and, to a
lesser extent, with Babesia venatorum and Babesia microti, which are all transmitted to
humans by Ixodes ricinus ticks. These Babesia species circulate in the Netherlands, but
autochthonous human babesiosis cases have not been reported so far. To gain more insight
into the natural sources of these Babesia species, their presence in reservoir hosts and in I.
ricinus was examined. In a cross-sectional study, qPCR-detection was used to determine the
presence of Babesia in 4611 tissue samples from 27 mammalian species and 13 bird species.
Reverse line blotting and qPCR detection of Babesia species were used to test 2849 questing
I. ricinus. Babesia microti was found in two rodent species: Myodes glareolus and Apodemus
sylvaticus, whereas B. divergens was detected in the geographically restricted Cervus
elaphus and Bison bonasus, and occasionally in free-ranging Ovis aries. B. venatorum was
detected in the ubiquitous Capreolus capreolus, and occasionally in free-ranging O. aries.
Species-specific PCR revealed a higher prevalence of B. venatorum and B. divergens than
disclosed by qPCR detection. The infection rate of zoonotic Babesia species in questing I.
ricinus ticks was higher for Babesia clade I (2.6%) than Babesia clade X (1.9%). Co-infection of
B. microti with Borrelia burgdorferi sensu lato and Neoehrlichia mikurensis in questing nymphs
occurred more than expected, which reflects their mutual reservoir hosts, and suggests the
possibility of co-transmission during a tick bite. The ubiquitous spread and abundance of B.
microti and B. venatorum in their reservoir hosts and questing ticks imply some level of human
exposure through tick bites. The restricted distribution of the wild reservoir hosts for B.
divergens and its low infection rate in ticks might contribute to the absence of reported
autochthonous cases of human babesiosis in the Netherlands.
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The climate drivers of COVID19
Rachel E. Baker, Wenchang Yang, Gabriel A. Vecchi, C. Jessica E. Metcalf, Bryan T. Grenfell
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The climate drives the seasonality of many endemic, directly-transmitted diseases. However
the implications of climate for an emerging pathogen, such as SARS-CoV-2, are unclear. Here
we show that the climate plays a limited role in determining the early pandemic, when
susceptibility is high. As susceptibility declines, the role for climate is increasingly revealed,
including complex interactions with non-pharmaceutical interventions.
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Creating early warning systems using wastewater-based epidemiology
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1As a composite biological sample of an entire community, municipal wastewater contains
valuable epidemiologic information. The COVID-19 pandemic has accelerated interest in
wastewater-based epidemiology (WBE) as SARS-CoV-2 genes can be detected in the feces
of infected individuals. Due to the 2-10 day incubation period and the variability in testing
availability, there is a lag between when a COVID-19 case is reported and when the initial
transmission occurred. When considering asymptomatic infections, reported clinical cases
are not representative of overall community burden. WBE enables the early detection of
increased COVID-19 transmission, as exposed individuals shed the virus early in the incubation
period of infection. Here we use a combination of field, lab, and computational approaches
to link wastewater concentrations of SARS-CoV-2 with diagnosed clinical cases to create an
early warning system to alert public health officials when a change in SARS-COV-2
community transmission is occurring.
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Connections between winter diet resources and Black Flying Fox roost
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Hendra virus is a henipavirus found in Australia that spills over from Pteropus bats, known as
flying foxes, to horses, small domestic animals, and humans, with a high case fatality rate in
spillover species. Black flying foxes are most implicated in spillover events and most events
have occurred along Australia’s east coast. Many spillover events occur in winter months,
during bottlenecks of flying fox diet resources. Human population growth and deforestation in
their range have increased spatial overlap of reservoirs and susceptible hosts. We investigate
the links between the loss of winter nectar resources and black flying fox roost dynamics near
Brisbane, Australia.
We located roosts occupied by black flying foxes in 2019 using the National Flying Fox
Monitoring program. We measured the abundance and distribution of winter diet species
biennially from 1997 to 2017 using Queensland’s Vegetation Management Regional
Ecosystem maps and assessed loss within a 20km radius of occupied roosts. We then used a
logistic regression mixed-effects model to identify key resource predictors of black flying fox
roost occupancy.
We detect a serial loss of flying fox winter habitat throughout Southeastern Queensland as the
frequency of Hendra spillover events increased. Over 264,000 hectares of patches
dominated by winter nectar resources were lost in foraging areas, with some roosts
experiencing a loss of over 15% since 1997. Roosts with greater remaining winter foraging
areas were more likely to be occupied.
Changes in the distribution of flying foxes reflect a change in foraging habitats and food
security, likely due to environmental and anthropogenic influences. Flying foxes are important
pollinators for eucalypt forests and native habitat is crucial for the continuance of their
ecosystem services. Protection and restoration of winter resources are critical for attracting
bats away from susceptible hosts and lowering the risk of Hendra virus spillover.
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1Evolution is the root of the antibiotic resistance crisis. Clarifying the evolutionary processes
leading to resistance, in particular the determinants of chance and repeatability, are thus
pivotal to understanding how pathogens adapt to drugs and identifying alternative
treatment strategies that are informed by evolution and favor continued treatment efficacy
whilst minimizing the likelihood of adaptation. Two important open questions are how
reproducible antibiotic resistance evolution is within human hosts and to what extent those
evolutionary paths seen in vivo can be recapitulated in vitro. To address these two questions,
we retrospectively identify changes in resistance against daptomycin and linezolid when
these drugs are used as the main treatment in patients with blood stream infections with
Enterococcus faecium. E. faecium isolates from blood cultures of hospitalized patients are
routinely stored in our lab. Twelve patients were identified with in vivo resistance evolution of
E. faecium to daptomycin and six to linezolid, each obtained from Indiapendent patients. We
fully sequenced and assembled the genomes of 18 initially sensitive isolates. We then
performed whole genome sequencing of the subsequent isolates showing an increase in
resistance against the corresponding drug within the same patient to identify the
repeatability of genomic changes associated with resistance. Additionally, each of the 18
initially sensitive isolates was used to found 20 Indiapendent biological replicates for in vitro
evolution against increasing concentrations of the corresponding drug in order to determine
whether the same mechanisms identified in vivo emerge in vitro. This study casts light on the
role of determinism and contingency in evolution, with potential implications for medical
treatment.
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The interface between wildlife, humans and domestic animals is increasing globally,
facilitating cross-transmission of zoonotic parasites. Echinococcus multilocularis (Em) is a
tapeworm whose life cycle involves rodents as intermediate hosts and canids including foxes,
coyotes and dogs as definitive hosts. Moreover, Em is the aetiological agent of Alveolar
Echinococcosis (AE) in humans and it has been reported as neglected in most of its range.
During the last decade, unprecedented human cases have been detected in Alberta,
Canada, following the report of an unexpectedly high prevalence of intestinal
echinococcosis in urban coyotes. The route of transmission to humans is still matter of debate,
but domestic dogs seem to be potential sources of transmission. Dogs can develop intestinal
infections and thus spread the parasite eggs through their faeces, but they can also act as
dead-end intermediate hosts, developing multi-organ lesions similar to AE. Unfortunately, Em
infections in dogs are still unknown. Through the sampling of faeces and serum of 400 clientowned dogs from the cities of Calgary and Edmonton, and through the administration of
surveys to dog-owners on their dogs demographics and walking habits, our project aims to: i)
estimate the prevalence of intestinal and alveolar Echinococcosis, and ii) assess the risk
factors of Em infections in these populations. Moreover, we will assess the risk of exposure to
Em for animal health practitioners and dog owners. Surveillance of Em in canine populations
is crucial, as dogs may act as sentinels for AE in humans and also may contribute to the urban
contamination by this parasite.
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Bringing more realistic ecology into modelling how spatial structuring
constrains virulence evolution.
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Both theory and empirical work bodies have well demonstrated the principle of spatial
structuring constraining pathogen virulence, with increasingly mixed populations selecting for
more virulent strains as optimal phenotypes change in response to shifting host ecology. Here,
I present for the first time new directions as well as my recently published work (Bartlett &
Boots 2021, Journal of Theoretical Biology) demonstrating the robustness of this core
understanding of how space constrains virulence when relaxing assumptions around the role
of reproduction by infected hosts. While the fundamental rule of increasingly mixed
populations corresponding to selection for increasingly virulent pathogens stands up to
biological scrutiny, previously documented nuances of the space-virulence relationship (such
the ‘virulence hump’) reveal themselves as consequences of unrealistic assumptions of full
castration by pathogens, arguably simplifying our understanding of virulence evolution in
nature. Having shown that this relationship stands up relaxation of some core assumptions
(paying the price of loss of some analytical tractability and insight), I outline future directions
for exploring which biological systems correspond to different systems of reproduction by
infected hosts, structuring of reproduction, structuring of infection, and host lifespan. This
exploration of different host demographies and spatial structuring of infection processes will
hopefully identify interesting systems for further testing of where this framework does or
doesn’t well generalise. For example, mosaic viruses in plants have been shown to lead to
better attraction of pollinators, increasing reproduction rate rather than castrating the host –
it is unexplored in the theoretical body how this shapes virulence evolution in what are often
highly structured spatial systems. I speculate here on some of these interesting cases and
begin to explore the predicted evolutionary consequences of how realistic host ecology
shapes the space-virulence relationship.
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SARS-CoV-2 spillback from humans into domestic and wild animals has been welldocumented. Cats, mink and ferrets are susceptible via experimental inoculation and natural
exposures, and transmission cycles have been perpetuated in these species. We sequenced
full genomes of Vero-cell expanded SARS-CoV-2 inoculum and virus recovered from cats
(n=6), dogs (n=3), hamsters (n=3) and ferret (n=1) following experimental exposure. Five
nonsynonymous changes relative to the USA-WA1/2020 prototype strain in nsp12, S, N and M
genes were near fixation in the stock used for inoculation, but had reverted to wild-type
sequences at these sites in dogs, cats and hamsters within 1-3 days post-exposure. Fourteen
emergent variants (six in nonstructural genes, six in spike, one in orf8) were detected in viruses
recovered from animals. This included substitutions in spike residues H69, N501, and D614,
which also vary in human lineages of concern. Even though live virus was not cultured from
dogs, substitutions in replicase genes were readily detected in amplified sequences. The
rapid selection of SARS-CoV-2 variants in vitro and in vivo reveals residues with functional
significance during host-switching. This also illustrates the potential for spillback from animal
hosts to accelerate evolution of new viral lineages, findings of particular concern for dogs
and cats living in households with COVID-19 patients. More generally, this glimpse into in vitro
and in vivo host switching reveals the unrealized rapidity and plasticity of viral evolution in
experimental animal model systems.
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Combining viral genetic and animal mobility network data to unravel peste
des petits ruminants transmission dynamics in West Africa
Arnaud Bataille and Andrea Apolloni
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Peste des petits ruminants (PPR) is a deadly viral disease that mainly affects small domestic
ruminants. This disease threaten global food security and rural economy but its control is
complicated notably because of extensive, poorly monitored animal movements in infected
regions. Here we combined the largest PPR virus genetic and animal mobility network data
ever collected in a single region to improve our understanding of PPR endemic transmission
dynamics in West African countries. Phylogenetic analyses identified the presence of multiple
PPRV genetic clades that may be considered as part of different transmission networks
evolving in parallel in West Africa. A strong correlation was found between virus genetic
distance and network-related distances. Viruses sampled within the same mobility
communities are significantly more likely to belong to the same genetic clade. These results
provide evidence for the importance of animal mobility in PPR transmission in the region.
Some nodes of the network were associated with PPRV sequences belonging to different
clades, representing potential “hotspots” for PPR circulation. Our results suggest that
combining genetic and mobility network data could help identifying sites that are key for
virus entrance and spread in specific areas. Such information could enhance our capacity to
develop locally adapted control and surveillance strategies, using among other risk factors,
information on animal mobility.

ABSTRACT
Noémie Becker - Ludwig-Maximilians-Universität München Germany
Evolution of a protein family involved in immune resistance in the Eurasian
Lyme Disease agent Borrelia bavariensis
Robert E. Rollins, Janna Wülbern, Florian Röttgerding, Tristan Nowak, Sabrina Hepner, Kozue
Sato, Minoru Nakao, Sergey Kovalev, Hiroki Kawabata, Volker Fingerle, Gabriele Margos, YiPin Lin, Peter Kraiczy and Noémie S. Becker

Faculty of Biology, Ludwig-Maximilians Universität München, Germany; Faculty of Biology,
Christian-Albrechts-Universität zu Kiel, Germany; Institut für Medizinische Mikrobiologie und
Krankenhaushygiene, Universitätsklinikum Frankfurt, Goethe-Universität, Germany; Wadsworth
Center, New York State Department of Health, Albany, New York, USA; National Reference
Center for Borrelia, Bayerisches Landesamt für Gesundheit und Lebensmittelsicherheit,
Oberschleißheim, Germany; Department of Bacteriology I, National Institute for Infectious
Disease, Tokyo, Japan; Asahikawa Medical University, Department of Parasitology,
Asahikawa, Japan; Laboratory of Molecular Genetics, Department of Biology, Ural Federal
University, Yekaterinburg, Russia.

1Borrelia bavariensis is one of the causative agents of Lyme Borreliosis in Eurasia and is
frequently isolated from human patients with severe Lyme disease manifestations (i.e.
neuroborreliosis) while being rare in the environment. The B. bavariensis type-strain, PBi, utilizes
various proteins to bind and inactivate complement proteins, and, through this, evades
immune mediated killing. Some of these proteins are encoded by genes belonging to the
Pfam54 family and are located in a multi-gene array on the linear plasmid (lp) 54. Here we
report an analysis of the PFam54 gene family in 47 patient and tick isolates originating from
both Asia and Europe. For all isolates, whole genome sequencing data was obtained, and
the core genome assembled including the linear plasmid 54 (lp54). We show that B.
bavariensis displays high variability in gene copy number and sequence and that the
evolution of the protein family is very complex. Additionally, we found that two European
strains isolated from human patients are missing the full PFam54 gene array. Both have higher
sensitivity to human immune serum with corresponding increases in the deposition of human
complement proteins. However both are still infectious to mice. Our results highlight the
variability of this important gene family and argues for the inclusion of multiple strains arising
from multiple geographic regions in future analysis to address the question of host adaptation
and immune evasion in Borrelia burgdorferi sensu lato.
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Streptococcus pneumoniae (the pneumococcus) is a globally distributed, human obligate
bacteria that causes approximately 3 million severe cases and 300,000 deaths globally each
year. Despite the enormous public health burden, the extent of pneumococcal spread
across different spatial scales remains largely unknown. This knowledge gap is driven by this
species’ substantial asymptomatic carriage and large-scale diversity, comprising over 800
distinct genotypes with 100 antigenically unique serotypes. Here we focus on South Africa
and develop phylogeographic approaches that explore pneumococcal spread across
different spatial scales. We analyze 6920 geolocated genomes from all nine South African
provinces collected between 2000 and 2014. We found strong spatial structure – pairs of
isolates from the same province had 1.3 (95% Confidence Intervals 1.18-1.43) times the odds
of being from the same genotype than isolates across provinces. To obtain more fine-scale
resolution we built time-resolved phylogenies for nine genotypes present in all provinces
(N=2579 sequences) including 4208 sequences from other countries. By comparing the
evolutionary relationship and spatial separation between pairs, we estimate a geographic
rate of spread between 45.7 and 67.1 km/year. Despite this spread, we find that the
pneumococcus retains spatial structure over long time periods. Sequence pairs from the
same genotype and the same Province had 4.69 [3.37-7.36] times the odds of being closely
related (having a Most Recent Common Ancestor (MRCA) within the prior 3 years) than pairs
from distant provinces (>1000km apart); falling to 2.38 [1.93-2.71] after 10 years and
becoming homogenously mixed across South Africa (Odds Ratio (OR) =1) only after 50 years.
However, even after 50 years, sequence pairs within South Africa remained more similar than
to sequences from other African countries (OR 0.22 [0.17-0.27]) and continents (OR 0.29[0.240.33]). These findings suggest species mobility but with entrenched circulation over long time
periods, providing further insight into pneumococcal pathogen ecology.

ABSTRACT
Thomas Beneteau - IRD - France
Episome partitioning and symmetric cell divisions: quantifying the role of
random events in the persistence of HPV infections
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Every year, infections by Human Papillomaviruses (HPV) are responsible for a large share of
infectious cancers. Most HPV infections (80 to 90%) are cleared naturally within three years.
Among the few that persist into chronic infections, the majority (88%) also regress. Hence for a
given HPV infection, the risk of progression towards cancerous status is low. Unfortunately, the
prevalence of HPVs is very high, which makes it a major public health issue. The immune
response is often invoked to explain HPV clearance in non-persisting infections but many
uncertainties remain. Besides immunity, randomness has also suggested to play an important
role. Here, we examine how random events occurring during the life cycle of the virus could
alter the persistence of the virus inside the host. We develop a mechanistic model that
explicitly follows the dynamic of viral copies inside host cells, as well as the dynamics of the
epithelium. In our model, infection extinction can occur because all the virus copies end up
in the differentiated cell upon cellular division or because a stem cell divides symmetrically to
generate two differentiated cells.
We find that the combination of these random events drastically affects infection
persistence. More generally, the importance of these random fluctuations could match that
of immunity and call for further studies at the within-host and at the epidemiological level.
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west coast
BENSERIDA Yassine, ABDELLAOUI HASSAINE Karima & BETTIOUI Réda

University of Tlemcen, Faculty of Natural and Life Sciences and Earth and Universe Sciences.
Research Laboratory "Valuation of Human Actions for the Protection of the Environment and
Public Health Applications" B.P.119, Tlemcen, Algeria.

Culicidae are Nematocera Diptera that transmit various animal and human ailments. An
entomological study is carried out for 5 months, in three regions on the far west coast of
Algeria (Nedroma, Sidi Youchaa and Ghazaouet) in order to verify the presence of the
vector Ae. albopictus. Starting from eleven productive roosts (4 created and 7 prospected),
Culicidae populations are made up of five species, four of which belong to the Culicinae
subfamily and only one to the Anophelinae subfamily. The stands are poor in species, very
little diversified and of low regularity. The most abundant species is Culiseta longiareolata
(69%) proliferates in all roosts. Omnipresent, plastic, it remains strongly dominant in these
artificial deposits generated by man. Orthopodomyia pulcripalpis comes second with 22%,
followed by Culiseta. fumipennis with 7.6%, and more rarely Culiseta. annulata with 0.9% and
Anopheles. claviger with 0.5%. The species are all of aggregate distribution. This modest work
has not confirmed the presence of the tiger mosquito in this region and the species in place
do not appear to be involved in the transmission of important pathogens. The most abundant
and frequent species bite humans occasionally. As a result, the risk of transmission of vectorborne diseases is minimal.
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Exceptions to the rule: Why does resistance evolution not undermine antibiotic
therapy in all bacterial infections?
Amrita Bhattacharya, Anton Aluquin, David A Kennedy
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Antibiotic resistance is among the greatest public health crises of the 21st century, but the
phenomenon of resistance evolution is not surprising. Antibiotics impose strong selective
pressure on bacteria to survive, reproduce, and transmit in their presence leading to the
evolution of antibiotic resistance. Yet not all human bacterial infections are affected by
resistance evolution. Why? Here we attempt to understand (a) in which cases resistance
evolution has not undermined treatment-efficacy, and (b) which factors, if any, can explain
these patterns of resistance evolution. We document the observed levels of antibiotic
resistance for ‘pathogen x drug’ combinations across 57 different human bacterial
pathogens and the subset of 79 antibiotics from 15 drug classes used to treat them. Using
AIC-based model selection we analyze 14 different factors believed to be important in
resistance evolution and identify ones that best explain the observed variation in resistance
levels. Our results show that hospital transmission, conjugative plasmid transfer, and indirect
transmission modes are associated with higher levels of resistance whereas being zoonotic,
particularly with wild animal reservoirs, is associated with lower levels of resistance. Surprisingly,
factors such as global drug use, time since drug discovery, and environmental reservoirs
appear to be less important in predicting resistance evolution. To the best of our knowledge
this work is the first systematic analysis of resistance evolution across such a wide range of
human bacterial pathogens (including pathogens where resistance may be less common).
Insights gained from these results may help guide public health policies on mechanisms of
resistance control.
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Exploring the effect of host factors on the relationship between pre-existing
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Department of Epidemiology and Biostatistics, University of Georgia

Most patients who have previous exposure to influenza antigens included in the seasonal
influenza vaccine tend to have less of an immune response to the vaccine than patients
without previous exposure. Recent modeling predicts that the relationship between
preexisting immunity and increase in antibody titer following vaccination will exhibit a
negative linear relationship on a log-log scale. (Zarnitsyna VI et al. Multi-epitope Models
Explain How Pre-existing Antibodies Affect the Generation of Broadly Protective Responses to
Influenza. PLoS Pathog. 2016.) The model also predicts that an increase in antigen dose will
shift the curve upward, i.e. the increase in vaccine response will be larger for a given preexisting amount of immunity. To test the model predictions and further explore the relation
between pre-existing immunity, dose and vaccine responses, we used data from a human
vaccine cohort study. We explored both homologous and heterologous responses , and
evaluated interactions with other host factors, such as age, and sex. We find that while some
of the observed patterns match the model predictions, some of the data show patterns that
conflict with model predictions. Our observations suggest the need to further modify and
refine the current model.

ABSTRACT
Alexandre Blake - Penn State University - US
Metapopulation dynamics of Cholera surrounding Lake Tanganyika in
Democratic Republic of Congo
Alexandre Blake, Nita Bharti

Center of Infectious Diseases Dynamics

Cholera is a bacterial water-borne diarrheal disease endemic in the Great Lakes region of
Africa. The pathogen, Vibrio cholerae, can persist in aquatic environments and transmit
through contaminated water as well as interhuman contacts. Kalemie, a town on the shore
of Lake Tanganyika in the Democratic Republic of Congo (DRC) reports cholera cases every
year and the neighboring areas occasionally report outbreaks.
Here, we assess the importance of metapopulation dynamics between an endemic area,
Kalemie, and neighboring areas. In the future, we will estimate the relative contributions of
environmental infections and interhuman transmission to cholera persistence to design better
short-term cholera control strategies.
We identified the main settlements within 500 kilometers of Kalemie and performed a network
and a cost distance analysis to assess the regional connectivity. We performed a community
detection analysis and estimated betweenness centralities to identify areas with settlements
more closely connected and regions from which cholera could spread more easily. Finally,
we used nighttime radiance data and a radiation model to estimate population mobility and
its seasonal variation between Kalemie and the rest of the area.
We identified six to seven communities and three regions with the highest betweenness
centrality. Kalemie’s population varied seasonally, increasing during rainy seasons.
Approximately 22.5% of Kalemie’s population leaves and returns and the equivalent of 32.7%
of Kalemie’s population arrives from surrounding areas and leaves throughout the year;
influxes are more pronounced during the rainy season. 48.6% and 28.5% of the population
inflow and outflow were to other cholera endemic towns.
Seasonal population movements can reintroduce cholera to endemic areas. We show that
Kalemie has the potential to seed cholera in neighboring areas through regional connectivity
and important seasonal population mobility. The relative contribution of the environmental
reservoir remains to be further explored in the endemic areas.

ABSTRACT
Francois Blanquart - CNRS - France
Estimating superspreading from genomic data
Audrey Duval, Peter Czuppon, Olivier Tenaillon, François Blanquart

INSERM, CNRS

The dispersion in the number of secondary infection (“superspreading”) is an important
determinant of infectious diseases dynamics and control. Yet it may be difficult to measure
with epidemiological studies, in particular when not all infections are easily detected. Here
we use SARS-CoV-2 genomic data from the COVID-19 Genomics UK consortium to infer
superspreading. The 10000s of genomes sequenced in the UK have allowed identification of
>1000 “transmission lineages”, which are SARS-CoV-2 clades descending from an importation
event in early 2020 and igniting a fraction of the UK epidemic (du Plessis et al. Science 2021).
We aim to explain the variability in lineage size emerging from (i) the variability in the timing of
importation (early lineages imported before the lockdown are the biggest), (ii) the stochastic
variability explained by superspreading, and (iii) the sampling of a fraction of the epidemic
(~1%) for sequencing. We developed an explicit stochastic model describing the whole UK
epidemic as a collection of stochastic epidemics initiated by importations and the sampling
process. We infer the most likely true number of importations contributing to the UK epidemic
and the level of superspreading. This work explicitly links phylodynamic analyses with a fully
stochastic description of the epidemic and provides better estimates of superspreading
thanks to the use of a very large number of infections sampled in the community.

ABSTRACT
Manon Blin - University of Perpignan Via Domitia - France
SNP-SchistoLAMP : Rapid identification method to differentiate between
Schistosoma species based on a single nucleotide polymorphism using LOOPmediated isothermal amplification
Manon Blin, Julien Portela, Jérôme Boissier

Hosts Pathogens Environments Interactions, UMR 5244, CNRS, IFREMER, UM, University of
Perpignan Via Domitia, F-66860 Perpignan, France and SAS ParaDev®, 66860 Perpignan,
France

Single nucleotide polymorphisms (SNPs) are single-based mutations in DNA specific location.
The identification of SNP polymorphism is widely used in several domains such as medical
diagnostic, drug resistance associated marker or species identification. Recently, it has been
demonstrated that the use of LOOP-mediated Isothermal Amplification method (LAMP) could
be a good alternative of the classical PCR-based method for SNP identification. Interestingly,
the LAMP method possess all the characteristics required for easy adaptability to field
conditions and ecological applications. LAMP uses low cost products and equipment, and
the cold chain is not an obligation. Herein, we report the development of a new rapid
identification tool enable to distinguish between two parasites species where larval stages
are not morphologically distinguishable. The method was developed on Schistosoma
haematobium (human parasite), and Schistosoma bovis (animal parasite) and the hybrids
resulting from their hybridizations. We focused our development on one of the five Internal
Transcribed Spacer (ITS) SNPs known to differentiate the two species. The SNP-SchistoLAMP
method was validated using adults and all the parasite larval stages (miracidium and
cercariae) using extracted DNA processed by a simple and quick DNA extraction method in
order to keep the field applicability. This method has interesting application in the field to
differentiate between human and animal infecting parasites, and their hybrids and thus the
zoonotic potential of this pathogen. More generally SNP-LAMP method have great potential
in ecology.

ABSTRACT
Lisa Bono - Emory University - US
You can have your cake and eat it, too: adaptation to a novel host does not
cause strong selection when returned to the original host
Lisa M. Bono, Victoria A. Sharp, Natasha Jacko, and Siobain Duffy

Bono (Emory University), Sharp and Duffy (Rutgers University), Jacko (University of
Pennsylvania)

1Viruses exist in a world where they are constantly being exposed to potential hosts. The
environment plays a critical role in avoiding or compensating for costs associated with host
range expansion. Selection can filter costly mutations but only if they are costly in that
environment, because selection is blind to costs not faced in the current environment. Most
studies of host range expansion focus on the early stages of adaptation to a novel host, but
little is known about how viruses respond when they return to their original host afterwards. We
performed a series of evolution experiments using the dsRNA bacteriophage phi6 to test how
phage that had experienced selection on novel hosts for ~150 generations responded when
subsequently adapted to the original host on which its ancestor specialized, Pseudomonas
syringae pv phaseolicola (Pp). Specifically, we tested if these phage reverted back to their
ancestral phenotype. To do this, we repeatedly evolved novel host-adapted phage to Pp for
~100 generations. We then tested their host range to see if it contracted after exposure to a
single host and found that host range remained broad despite never experiencing selection
in many of the hosts. In fact, host range even expanded in a few cases. Furthermore, when
we tested the fitness of the ancestors and the evolved populations, we found that
experiencing selection on one or two novel hosts does not show evidence of strong selection
on phi6. In future, we plan to use whole genome sequencing to identify mutations
accumulated during evolution and whether they are new or reversions.
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Rebecca Borchering - Pennsylvania State University - US
COVID-19 Scenario Modeling Hub
Rebecca K. Borchering 1; Cécile Viboud 2; Emily Howerton 1; Claire P. Smith 3; Shaun Truelove
3; Michael C. Runge 4; Nicholas G. Reich 5; Lucie Contamin 6; John Levander 6; Jessica
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1 The Pennsylvania State University, State College, Pennsylvania; 2 Fogarty International
Center, National Institutes of Health, Bethesda, Maryland; 3 Johns Hopkins Bloomberg School
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The COVID-19 pandemic continues to present challenges for mitigation of public health
burden. Intervention decisions often require multiple months of projections; accounting for
uncertainties involved over such timescales is necessary to provide responsible and effective
guidance. The COVID-19 Scenario Modeling Hub has been developed to meet the need for
longer-term projections of COVID-19 burden in the United States. Recent rounds of the
Scenario Modeling Hub have evaluated combinations of intervention strategies involving
different levels of vaccine administration in conjunction with different levels of
nonpharmaceutical intervention (NPI) reduction. Repeated rounds and extensive interaction
with policymakers and public health professionals has facilitated the development of
scenarios that are of greatest policy interest for US COVID-19 mitigation efforts. The
incorporation of multiple modeling groups also allows for structured analysis and visualization
of key areas of uncertainty, such as the progression of SARS-CoV-2 variants of concern and
the role of vaccine hesitancy. Here, we will present further motivation, aspects of
development, and recent 6-month projection results for state and national-level cases,
hospitalizations, and deaths. Variation in results across modeling groups and states will also be
presented.

ABSTRACT
Katherine Bowman - Ohio State University - US
Modelling meteorological indicator’s effects on mosquito-borne disease
prevalence
Katherine Bowman, Zachary Miller, Laura Pomeroy

Ohio State University

Every year almost 700 million people suffer from mosquito borne diseases (MBD) like West Nile
Virus, Dengue, and Yellow Fever and the spread of these diseases has become a global
concern. As our climate warms and changes occur in humidity and precipitation, new
niches will open up for mosquitoes. Areas that were once unsuitable will become suitable
habitat, and the diseases will follow the mosquitoes.
We know that environmental drivers, such as temperature, humidity, and precipitation, affect
the lifecycle of mosquitoes from laboratory studies; however, the real-world relationship
between these drivers and MBD prevalence is poorly understood. Based on results of
laboratory studies of the mosquito lifecycle, we have chosen to measure the effects of
temperature, humidity, and precipitation due to their known effects on the survivability.
In this study, we aim to determine if the percentage of positive mosquito borne diseases is
increasing, the number of months with positive mosquito-borne illnesses is increasing, and if
weather disturbances (i.e., natural disasters) playing a role in positive mosquito-borne
diseases.
We use data from the National Ecological Observation Network (NEON) from 14 sites located
throughout the United States to investigate a model-based approach to determining this
relationship between mosquito-borne disease and these factors. We use this validated
model to quantify this relationship between temperature, humidity, and precipitation and
three families of MBD (alphaviruses, flaviviruses, and orthobunyaviruses). We were also able
to quantify trends and identify environmental drivers for mosquito abundance. These findings
will have an impact in determining which factors will affect mosquito borne disease
abundance as our climate changes and where mosquitoes may find new habitats, bringing
mosquito-borne diseases with them.

ABSTRACT
Lynda Bradley - Emory University - US
Predicting the effects of aquatic resource pulses on disease: connecting snail
host physiology to schistosomiasis infection risk
L.M. Bradley, David J. Civitello

Emory University

Resource pulses are ubiquitous and have cascading effects on population, community—and
host-parasite—dynamics. For example, agricultural runoff and nutrient pollution are
implicated in increasing schistosomes produced by freshwater snail hosts, causing human
and wildlife disease, such as the Neglected Tropical Disease schistosomiasis. It remains
unclear which components of snail population and community dynamics are critical in
predicting schistosomiasis infection risk following a resource pulse. Investigating how pulse
timing affects dynamics across ecological scales can provide insight into what may drive
infection risk under resource pulse conditions. Energetics-based host models scaled to
population- and community-levels are well-suited to this task because they naturally
accommodate how hosts grow, reproduce, transmit, and survive in variable resource
environments.

I conducted a simulation study of the effects of resource pulses on the community dynamics
of B. glabrata snails and their S. mansoni schistosomes using an energetics individual based
model (IBM). I simulated seasonal transmission scenarios in which a small number of founders
(drawn uniformly from a realistic size distribution [4-16 mm]), consume logistically growing
algae or nonreproductive detritus pulses throughout a 120-day transmission season. Pulse
timing was manipulated by inducing one pulse per simulation occurring on different weeks.
Simulation results indicate that total transmission potential peaks when pulses occur midseason. Early investigation explains these results through energetic status and size-structure:
mature snails consuming the resource pulse produce high levels of parasites. If pulses occur
early in the season, they are utilized primarily by pre-patent juvenile snails—and if pulses occur
late in the season, mature snails have died from a competition-induced starvation event.
However, mid-season pulses rescue mature snails from a mid-seasonal starvation event and
provide abundant resources, increasing both total infected snails and per capita parasite
production. I am currently testing these hypotheses with a mesocosm experiment, and will
compare these results to the simulation results.

ABSTRACT
Tobias Brett - University of Georgia - US
Understanding the spatial spread of SARS-CoV-2 in Washington state, US
Tobias Brett 1, Shweta Bansal 2, Pejman Rohani 1

1. University of Georgia, 2. Georgetown University

COVID-19 was first detected in the United States on January 19th 2020 in Snohomish County,
Washington state. In subsequent weeks the virus spread, with an extensive regional outbreak
discovered in late February. To understand the spatial and temporal determinants of viral
transmission, we used a spatially-structured mechanistic model to perform statistical inference
on time series data of COVID-19 hospitalisations from five counties in Washington. These
counties (King, Snohomish, Thurston, Pierce and Kitsap) form the core of the Puget sound
metropolitan area, include Seattle, Tacoma and Olympia, and account for around 70% of
the state population.
Maximum likelihood estimates of epidemiological parameters were found using an iterated
filtering algorithm. Inter-county mobility was constrained using census commuting data. We
found that the rapid spatial spread of the virus was much faster than expected based on
commuting patterns — suggesting atypical early “superspreading” events as a probable
driver. Additionally, we found that the data were consistent with the entire regional outbreak
being seeded by the single initial imported case detected in Snohomish county.
Our inference results found little support for commuting flows acting to synchronise counties,
despite clear spatial clustering of county-level incidence time series. Instead, the clustering is
likely explained by neighbouring counties sharing similar outbreak initiation times and social
patterns.
Finally, we investigated the impact of travel restrictions on the future spread of potential
SARS-CoV-2 variants in the region. We found no evidence for a “multiplier effect” on disease
control by limiting flow between locations. In general, local transmissibility reductions in the
origin and destination locations proved more effective at limiting variant dispersal.

ABSTRACT
Liam Brierley - University of Liverpool - UK
Predicting the animal hosts of coronaviruses from genomic data through
machine learning
Liam Brierley, Anna Fowler

University of Liverpool

The COVID-19 pandemic has demonstrated the serious risks of new zoonotic coronaviruses
transmitting from animals to humans. The immediate animal origin of the causative virus
(SARS-CoV-2) has not yet been identified, a notoriously challenging task for emerging disease
investigations. Host-virus coevolution leads to specific evolutionary signatures within viral
genomes that can inform likely animal host origins.
Using 650 nucleotide sequences describing 222 different viruses in the family Coronaviridae,
we trained Indiapendent random forest models using genome composition of whole
genome and spike protein sequences in order to predict animal host (of nine possible
categories, including human). In hold-one-out cross-validation, predictive accuracy on
unseen coronaviruses consistently reached ~73%, indicating evolutionary signal in spike
proteins to be just as informative as whole genome sequences. However, different
composition biases were informative in each case.
Model predictions for human MERS-CoV and SARS-CoV revealed evolutionary signatures
consistent with their intermediate hosts (camelids, carnivores), while human sequences of
SARS-CoV-2 were predicted to have bat hosts (suborder Yinpterochiroptera), supporting bats
as the suspected origins of the current pandemic. Variation in genome composition can act
as an informative approach to predict emerging virus traits as soon as sequences are
available. More widely, this work demonstrates the potential in combining genetic resources
with machine learning algorithms to address long-standing challenges in emerging infectious
diseases.

ABSTRACT
Michael Briga - University of Turku - Finland
The seasonality of three childhood infections in a pre-school term society
Michael Briga, Susanna Ukonaho, Jenni Pettay, Tarmo Ketola, Virpi Lummaa

University of Turku

The seasonality of infections is a ubiquitous phenomenon that can uncover epidemic drivers
and inform public health interventions. For directly transmitted childhood infections, the
leading rationale is that their seasonality is strongly driven by school-terms, with maxima and
minima during school terms and holidays respectively. However, the seasonality of childhood
infections in non-school term societies remain poorly known. Here we quantified the
seasonality of three easily identifiable childhood infections, smallpox, pertussis and measles in
a pre-school and pre-health care society, 18th and 19th century Finland, and test whether
the seasonality of infections is driven by seasonal social gathering events. Consistent with our
expectation, we found seasonal infection dynamics that differed from those in contemporary
school-term societies. For all three infections, tSIR models showed that pathogen transmission
had many seasonal maxima, several of which coincided with social gathering events such as
New Year and Easter. Statistical analyses showed that pathogen transmission was higher
during social gathering events for pertussis but not for smallpox or measles. Our results
indicate that human seasonal aggregation is one factor driving infection seasonality, but also
show that the seasonality of infection is more variable than previously described in other
populations. We discuss the implications of our findings for our understanding of the ecology
and drivers of infectious disease dynamics and for the development of effective public
health interventions.

ABSTRACT
Ilze Brila - Ecology and Genetics Unit, University of Oulu - Finland
Infection, coinfection and pathogen identity are associated with shifts in
diversity and composition of gut microbiota of wild bank voles (Myodes
glareolus)
Ilze Brila (1,2), Anton Lavrinienko (2), Eugene Tukalenko (1,2,3) , Eva R. Kallio (2,4), Tapio
Mappes (2), Phillip C. Watts (2)
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Shifts in microbiota composition and diversity have been associated with many pathogen
infections, potentially affecting the host-pathogen interactions. The pathogen-microbiota
relationship can be affected by the pathogen species and duration of the infection. Though
many wild animals can be infected with multiple pathogens simultaneously, the potential
impact of coinfections on host gut microbiota has been poorly studied. Here, we investigate
how gut microbiota is associated with a) the presence of infection, b) coinfection status and
c) individual pathogens. We used 16S rRNA gene sequencing to characterize the gut
microbiota of wild bank voles (Myodes glareolus) and determined the status of four
pathogen infections (Anaplasma phagocytophilum, Babesia microti, Borrelia burgdorferi s.l.
and Puumala orthohantavirus). We found that infection with at least one pathogen was
associated with a shift in community composition and higher phylogenetic diversity.
Coinfection status was associated with differences in community composition and dispersion
(inter-individual variation) but not α-diversity, while only Puumala orthohantavirus infection
was associated with higher α-diversity and altered community composition. We demonstrate
that not only the presence or absence of pathogen infection but also coinfection status are
associated with shifts in the gut microbiota of wild animals. Thus, identifying the effects of
coinfection and interactions between co-occurring pathogens might prove essential in
understanding the host-pathogen-microbiota relationship.

ABSTRACT
Joel Brown - Biology Centre of the Czech Academy of Sciences Czech Republic
The bacterial microbiomes of sylvatic US Triatominae
Joel J. Brown, Sonia M. Rodriguez-Ruano, Anbu Poosakkannu, Giampiero Batani, Justin O.
Schmidt, Walter Roachell, Jan Zima Jr, Vaclav Hypsa & Eva Novakova

University of South Bohemia & Biology Centre of the Czech Academy of Sciences

Kissing bugs (Triatominae) are blood-feeding insects best known as the vectors of
Trypanosoma cruzi, the causative agent of Chagas’ disease. Considering the high
epidemiological relevance of these vectors, their
biology and bacterial symbiosis remains surprisingly understudied. While previous
investigations revealed generally low individual complexity but high among-individual
variability of the triatomine microbiomes, any consistent microbiome determinants have not
yet been identified across multiple Triatominae species. We investigated the host-microbiome
relationship of five Triatoma species sampled from white-throated woodrat (Neotoma
albigula) nests in multiple locations across the USA. We applied optimised 16S rRNA gene
metabarcoding with a novel 18S rRNA gene blocking primer to a set of 170 T. cruzi-negative
individuals across all six instars. Triatomine gut microbiome composition is strongly influenced
by three principal factors: ontogeny, species identity, and the environment. The microbiomes
are characterised by significant loss in bacterial diversity throughout ontogenetic
development. First instars possess the highest bacterial diversity while adult microbiomes are
routinely dominated by a single taxon. Primarily, the bacterial genus Dietzia dominates latestage nymphs and adults of T. rubida, T. protracta, and T. lecticularia but is not present in the
phylogenetically more distant T. gerstaeckeri and T. sanguisuga. Species-specific microbiome
composition, particularly pronounced in early instars, is further modulated by locality-specific
effects. Our study is the first to demonstrate deterministic patterns in microbiome composition
among all life stages and multiple Triatoma species. We hypothesise that triatomine
microbiome assemblages are produced by species- and life stage-dependent uptake of
environmental bacteria and multiple indirect transmission strategies that promote bacterial
transfer between individuals. Altogether, our study highlights the complexity of Triatominae
symbiosis with bacteria and warrants further investigation to understand microbiome function
in these important vectors.

ABSTRACT
Tenley Brownwright - Penn State University - US
Varying Age-Space Dynamics of 3 Pathogens in Nigeria
Tenley K Brownwright, Matthew J Ferrari

Penn State University

We present the case of 3 antigens, tetanus, rubella, and measles, measured over the same
time and place, with varying dynamics. We used data from Nigeria, 2018, collected by the US
President’s Plan for Emergency Relief (PEPFAR) program; in this study, samples of blood
collected for a prior HIV study were re-analyzed for seropositivity to the three antigens. We
then built a spatial interpolation model based on a binomial GAM to predict a full surface
raster for each antigen. This method exposed the underlying age-geography patterns of
each antigen. We found that tetanus seropositivity was driven almost wholly by vaccination,
rubella by exposure, and measles by a mix of vaccination and exposure. These processes led
to different ages of population immunity and different areas of the country at high risk. Policy
makers can use this knowledge to target these areas with vaccination plans or surveillance
systems, and we can use this model to develop a subsequent burden model, taking
population into account as well.

ABSTRACT
Julia Buck - University of North Carolina Wilmington - US
A newly-discovered didymozoid trematode infecting the gill of its first
intermediate host, the bay scallop
Buck JC, Thompson JB, Crook AS, Smith BA, Priester C, Varney RL, Wilbur AE

UNC Wilmington

Starting in 2012, bay scallops (Argopecten irradians) in North Carolina were observed to be
infected by an unidentified macroparasite, and the same parasite has recently been
observed infecting bay scallops on the west coast of Florida. Phylogenetic analysis of DNA
sequence data from a nuclear 28S rDNA fragment indicates that the parasite is a trematode
(fluke) in the family Didymozoidae (superfamily Hemiuroidea) and that it forms a wellsupported clade with another didymozoid from Australia. Dissection and histopathological
examination reveal that the trematode is using the scallop as a first intermediate host,
infecting and greatly distorting the afferent vessels of the host’s gill filaments. Condition
analysis reveals that in infected individuals, a higher proportion of body mass is found in the
viscera (including parasitized gills) and a lower proportion of body mass is found in the muscle
and gonad. The parasite infects (at prevalences as high as 15%) a commercially important
bivalve (wild and cultured) and yet has never been described, suggesting that it might be
recently introduced or has recently jumped into the scallop host. Regardless of its origins,
however, this is only the fourth record of a hemiuroid infecting any bivalve, the second record
of a hemiuroid infecting any member of the order Pectinida, and the first record of any
trematode using the afferent vessels of its first intermediate host’s gills as a primary infection
site. Because the newly-discovered trematode represents a novel threat to an alreadyimperiled fishery, it merits further investigation.

ABSTRACT
Johan Calderón - Universidad de Los Andes - Colombia
Deltamethrin resistance in Chagas disease vectors colonizing oil palm
plantations: implications for vector control strategies in a public healthagriculture interface
Johan M. Calderón, Patricia Fuya, Liliana Santacoloma and Camila González

Universidad de Los Andes

Triatomine bugs are responsible for the vectorial transmission of the parasite Trypanosoma
cruzi, etiological agent of Chagas disease. Several triatomine species of the genus Rhodnius
have been found inhabiting palm crowns where insects can find shelter in leaves axils and
blood from palm-associated vertebrates. Rhodnius prolixus insects have been collected in oil
palms in Colombia, and high T. cruzi infection rates were found. Since pest control is carried
out in oil palm plantations, continuous exposure to insecticides could be occurring in these
triatomines. Some insecticides suggested for pest control in oil palm plantations are also
recommended for triatomine control in human dwellings. In this study, our objective was to
assess if triatomines inhabiting oil palms exhibit resistance to deltamethrin, an insecticide used
for vector control. Rhodnius prolixus nymphs were sampled in oil palms located in Tauramena,
Colombia. To determine deltamethrin resistance, biological and biochemical assays were
carried out on fifth-instar nymphs from the F1 generation. For biological assays, pure and
commercial deltamethrin were used, and in biochemical assays, activities of detoxifying
enzymes related to pyrethroid resistance, such as oxidases, esterases and transferases, were
quantified. Deltamethrin lethal dosages in R. prolixus from oil palms was significantly higher
than in those from a susceptible colony suggesting possible deltamethrin resistance.
Moreover, mortality with commercial deltamethrin
was very low in insects from oil palms. In biochemical assays, the activity of evaluated
detoxifying enzymes was significantly higher in R. prolixus from oil palms than in those from the
susceptible colony.
Possible deltamethrin resistance found in R. prolixus insects from oil palms could threaten
traditional
vector control strategies in urban settings if insecticide-resistant triatomines can migrate from
oil palms plantations. We suggest that pest control strategies in oil palm crops should include
triatomine surveillance and toxicological monitoring, especially in zones with several Chagas
disease cases.

ABSTRACT
Kathryn Campbell - University of Glasgow - UK
Rabies MAD DOG (Method for Assignment, Definition and Designation Of
Global lineages)
Campbell, K., Gifford, R., Singer, J., Hill, V., O’Toole, A., Rambaut, A., Hampson, K. & Brunker, K.

University of Glasgow

The ‘Zero by 30’ global strategy, led by the WHO and partners, aims to eliminate human
deaths from dog-mediated rabies by 2030. This requires improved and coordinated
surveillance to understand the current situation and monitor the impact of control measures.
The existing system for classifying rabies viruses defines 7 clades that circulate in domestic dog
populations broadly according to their geographic distribution. While useful for a coarse
taxonomic classification, this system lacks the definition needed for monitoring the circulation
of rabies virus on a more local scale. Here, we propose an updated lineage designation and
assignment system for rabies virus based on the dynamic nomenclature proposal for SARSCoV-2, building upon the existing classification system while introducing greater resolution
and depth to lineages. By applying this system to the Cosmopolitan clade of rabies virus we
further define 74 lineages within the clade, beyond the 22 reported sub-clades and we
identify lineage turnover and extinction previously unseen with the broader classification
system. This system will therefore allow for objective descriptions of which lineages are present
at spatial scales relevant to the implementation of control programmes, for identifying
importations or endemic persistence across borders that require coordination of control
measures and for monitoring the successful extinction of lineages. This detailed information
has potential to accurately inform control efforts and monitor progress towards elimination.
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Phylogenetic study of a Rabies terrestrial variant in South America
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One of the main outcomes of long-term dog-maintained rabies virus (RABV) enzootics has
been the establishment of variants in a wide variety of mesocarnivores. In South America,
there are two antigenic variants (AgV) circulating among terrestrial carnivores: AgV1 present
in dogs and foxes and AgV2 circulating among dogs, foxes, and other mesocarnivores. This
study aims to analyze the phylogenetic relationships of AgV2 lineages and their position in the
terrestrial tree.
Full nucleoprotein gene sequences were obtained from 38 AgV2 and 18 AgV1 samples from
Argentina, Brazil, and Paraguay isolated between the years 1989-2017. A total of 116
Genbank dog-related RABV sequences were included. A Bayesian phylogenetic analysis was
carried out with MrBayes for 2x.108 MCMC generations.
All AgV2 and AgV1 variants from Argentina, Brazil, and Paraguay are reciprocally
monophyletic, both included within the Cosmopolitan lineage. The AgV2 lineage splits into
three main clades. The first clade (A) is composed of Brazilian dog isolates and splits into two
groups (South East 1986-2001; North East 2002-2005); a distinct subclade is related to the SE
lineage: Mato Grosso-Paraguay (1989-1991). The second clade (B) is composed of samples
from the Brazilian northeastern region (2001-2005): a dog clade and a wild clade. The third
clade (C) is composed of three lineages: Argentinaan dog strains (1995-1996), Paraguayan
dog strains (1991-1992), and a large group of intermingled dog and wild strains from
Argentina.
Different epidemiologic scenarios take place in the region where AgV2 circulates. In Brazil,
domestic and wild cycles occur Indiapendently. In Argentina, higher contact levels between
dogs and wild species, impede the fixation of host-specific variants. Paraguay would be an
overlapping zone between Brazilian and Argentinian cycles. Taking the region as a whole, we
conclude that there is an ongoing circulation of RABV which has shifted multiple times
between domestic and wild carnivore hosts.
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Examining the Assembly of Tick Host Communities in Staten Island Yards
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The dilution effect hypothesis predicts that greater species diversity reduces the transmission
of zoonotic pathogens. Under this hypothesis, it is expected that landscape fragmentation will
create small patches dominated by one species that is a highly competent Lyme disease
(Borrelia burgdorferi) reservoir. Peridomestic tick host assemblages in these fragmented
landscapes result from a combination of ecological processes occurring in natural areas (the
source) and factors influencing host use of peridomestic settings (the sink). We examine the
tick host community composition in peridomestic settings using nestedness analysis, patterns
of host co-occurrence, and host associations with three tick species, despite a limited tick
sample size. We also examine the association between the host community and backyard
features which may attract or repel wildlife. We found that peridomestic host communities
were significantly nested. However, the most common host species were raccoons, cats, and
squirrels, which are not the most competent Lyme disease reservoirs. Thus, significant
nestedness did not correspond to the expected subsets maximizing risk of exposure to
borrelia-infected settings in peridomestic areas. Blacklegged ticks (Ixodes scapularis), the
main Lyme disease vector on Staten Island, were positively associated with woodchuck
presence despite a limited tick sample size. 1

ABSTRACT
Pablo Cárdenas - Massachusetts Institute of Technology - US
Opqua: an epidemiological modeling framework for pathogen population
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Genomic epidemiology has proven to be a revolution in the study of infectious disease, as
exemplified by COVID-19 pandemic response. However, although data analysis methods
abound for pathogen population genetics, the number of tools available for hypothesis
testing is more limited. Here, we present Opqua, an epidemiological simulation framework for
pathogen population genetics and evolution (github.com/pablocarderam/opqua). Opqua
is flexible and can accommodate disease dynamics with both host-host and vector-borne
transmission. The software can account for structured metapopulation models where each
subpopulation has unique epidemiological conditions. It can also model environmental
events and interventions that change disease dynamics at specific moments in time. In
addition, Opqua simulates genetic evolution of pathogens through mutation, recombination,
and reassortment. Most importantly, this genetic evolution can in turn shape disease
dynamics across a number of dimensions including transmissibility, mortality, recovery rate,
host population mobility, intra-host pathogen competition, and even the pathogen evolution
rates themselves. The user can easily generate a variety of different plots using the software’s
own analysis tools or export the data for use with external analysis pipelines. We present
example applications to simulate simplified evolutionary dynamics of SARS-CoV-2 and
Plasmodium falciparum. The software is implemented as a Python package and is easy to
use, making it a valuable tool for both research and teaching in epidemiology and evolution.
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Rift Valley fever virus hosts are not equal - Modelling infectiousness at the
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1Rift Valley fever is a viral, mosquito-borne, zoonotic disease transmitted to sheep, cattle,
goats, and ultimately, humans. Initially constrained to eastern and southern Africa, it is now
present in most of the continent including the south west Indian Ocean islands, and has more
recently spread to western Asia.
It is still unclear whether some livestock species play a more prominent role in Rift Valley fever
virus (RVFV) transmission than others. It has been pointed out that trophic preferences of
vectors, as well as husbandry and trading practices, are important to consider. But at the
individual scale, there is a critical knowledge gap regarding the quantification of different
host species infectiousness. This issue comes down to determining patterns of viral load
dynamics in different susceptible species, and the associated probability to infect
mosquitoes, which we aim to assess here.
We developed a mechanistic, compartmental, within-host model, representing the infection
of target cells and the subsequent production of viral particles, not all of which are infectious.
We also reviewed the literature to study the relationship between infectious titers and
transmission to mosquitoes.
We fitted this model to time-series of total viral loads (RT-qPCR) and infectious titers (TCID50),
measured during experimental RVFV challenge infections performed on calves, lambs, and
young goats. We compared the cell-level basic reproduction number and mean generation
time, between host species. We then computed the overall infectiousness of these species
over the course of their infection, using the dose-response curve fitted to literature data.
We find that lambs have the highest infectiousness to mosquitoes, due to higher peak
viraemia and a longer infection. Differences between Aedes and Culex spp. infection rates
were significant, and further studies should investigate how this impacts transmission rates.
Exploring the effect of these results at the population scale could help design targeted
control strategies.
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Identification of mosquito species using PCR and capillary electrophoresis
Estelle Chabanol, Ghislaine Prévot, Mathilde Gendrin
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Around 250 species of mosquitoes are present in French Guiana, some of which are known
vectors of different pathogens responsible for parasitic and viral infectious diseases. Among
them, various mosquitoes from the Anopheles genus are able to transmit Plasmodium
parasites responsible for malaria, which is still one of the biggest public health concern
worldwide. In efforts to better understand the biology of Anopheles species and their ability
to transmit pathogens, the identification of mosquito species is an essential problematic
during field studies.
Morphological identification requires expertise and high-quality specimens/equipment, and it
does not allow any subsequent verification. Moreover, physical manipulations are not
compatible with some types of analyses. When local species diversity is high, the design of
species-specific PCR primers allowing a good separation between amplicon sizes can be
complex. Here, we introduce a molecular technique of species identification based on a
simple visual observation combined with PCR amplification and capillary electrophoresis. We
amplified DNA with universal ITS2 primers and analyzed it with a capillary electrophoresis
device, which precisely determines the size of the amplicons. Based on published sequencing
data from morphologically-identified specimens, we defined windows of amplicon size,
which, combined to the color of the hindleg tip, allow to discriminate between the five major
Anopheles (Nyssorhynchus) species found in our collections. We validated our parameters via
Sanger sequencing of the ITS2 amplicons. This method can be particularly useful in situations
with an intermediate species diversity, i.e. when the number of local species is too high to
define species-specific primers but low enough to avoid individual ITS2 sequencing.
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Epidemiological and evolutionary consequences of CRISPR-Cas reactivity
Hélène Chabas, Viktor Müller, Sebastian Bonhoeffer and Roland Regoes
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CRISPR-Cas systems are adaptive immune systems that use a complex 3-step molecular
mechanism to defend prokaryotes against phages. Viral infections of populations defending
with CRISPR-Cas can result in rapid phage extinction or in medium-term phage maintenance.
What controls phage fate? Here, we show that two parameters control this epidemiological
outcome: the phage escape rate and CRISPR-Cas reactivity (i.e. its probability of resistance
acquisition upon infection). Furthermore, we show that CRISPR-Cas reactivity impacts host
fitness. From this, we derive that 1) CRISPR-Cas reactivity is a key predictor of the efficiency
and of the cost of a CRISPR-Cas system, 2) during a phage infection, there is an optimal
reactivity balancing the cost of autoimmunity and immune efficiency and 3) high phage
escape rate selects for higher CRISPR-Cas reactivities.
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Small-scale gold mining increases malaria risk in the Brazilian Amazon
Marissa L Childs, Erin A Mordecai, Marshall Burke
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Land-use changes can dramatically alter the transmission of vector-borne diseases. In the
Amazon, small-scale alluvial gold mining has been hypothesized to increase malaria
transmission by creating breeding habitat for vectors and increasing human-vector contacts.
Movement of infected individuals from mining communities has been suspected of further
causing spatial spillover in areas distant from gold mining. Yet the full extent of these impacts
on malaria transmission has been difficult to measure. Here, we use longitudinal data on
municipalities in the Brazilian Amazon from 2009 to 2015 to identify effects of gold production
on malaria transmission while controlling for time-invariant municipality characteristics, statewide temporal trends, and potential confounding processes. We find that interannual
increases in gold production increase local malaria incidence for both Plasmodium
falciparum and P. vivax. Additionally, we detect effects on P. vivax in municipalities up to 250
kilometers away from gold mining activity, consistent with the differing biology of the
parasites with P. vivax more conducive to spillover due to the liver stage of hypnozoites that
cause relapses. On average, each additional kilogram of gold production is estimated to
result in 0.26 cases of P. falciparum and 59.0 cases of P. vivax malaria. These findings suggest
that the impacts of gold mining spread far beyond their immediate locations and can have
region-wide effects on the landscape of malaria transmission.
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Live bird market surveillance has been conducted in the Northeast United States to monitor
avian influenza viruses (AIV) in domestic poultry and market environments. We identified and
sequenced a total of 381 H2N2 low pathogenicity AIV (LPAIV) isolated from active
surveillance effort at live bird markets in the Northeast United States, including New York,
Connecticut, Rhode Island, New Jersey, and Pennsylvania during 2013-2019. Comparative
phylogenetic analysis was used to trace its origin and investigate the transmission dynamics.
Complete genome sequencing and phylogenetic analysis support the initial introduction of
the wild bird origin H2N2 virus into the live bird markets in Northeast U.S. followed by frequent
exchange between live bird markets in Northeastern states. Live bird markets in New York
state played a key role in persistence and dissemination of the virus in the live bird markets in
the Northeast United States. The frequent detections in the market environment and
circulation of the virus between birds and environment suggest that contaminated LBM
environment also plays a significant role in maintenance and dissemination of H2N2 LPAIV.
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One has all or all have one: Sex specific differences in aggregation within a
guppy host parasitic worm system
David R. Clark, Jessica Stephenson
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Aggregation, such that most hosts are uninfected or have few parasites and a minority are
heavily infected, can be caused by differences between hosts in behavior, immune function,
and size. These factors can differ by sex in natural systems. In the Trinidadian guppy (Poecilia
reticulata), females are larger, more tolerant to parasites, more social, and live longer than
males. Because of these sex differences in traits linked both to defense against parasites and
parasite transmission, we hypothesize that parasites will be more aggregated among females
than among males in guppy populations. We tested this hypothesis with data from 84 guppy
populations encompassing 4,715 hosts and 6,688 Gyrodactylus spp. parasites. We used
constraint-based models to measure the difference between the observed and null
distributions of parasites among their hosts as a measure of aggregation. We used this metric
as the response variable in linear mixed models to 1) test for differences in aggregation
between the host sexes, and 2) determine which host variables were significant predictors of
aggregation between populations. Gyrodactylus spp. parasites were significantly more
aggregated among female guppies than among males, and parasites were less aggregated
in populations of larger fish. The sex-difference in aggregation is likely driven by sex-specific
differences in how hosts interact with conspecifics in the population and with their parasites.
Host size may be linked to tolerance in this system: our results suggest that populations of
larger, more tolerant hosts have less aggregated parasites because there are a relatively
large number of heavily infected hosts. Future work could determine which sex specific
characteristics lead to variation in how host sexes interact with parasites, and thus how
parasites are distributed among their hosts. Describing sex- and population-level variation in
parasite distribution can therefore highlight potential drivers of meaningful variation in
parasite load between individual wild hosts.

ABSTRACT
Melissa Collier - Georgetown University - US
Transmission mode determines contact structure and drives pathogen
characteristics
Melissa Collier, Gregory F Albery, Shweta Bansal
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Pathogens vary in a range of important characteristics, including transmission mode,
infectivity, and duration of infection, which can determine their ability to persist in a
population. Although this variation in pathogen traits is fundamental to disease ecology, little
is known about the evolutionary pressures that drives these traits. Pathogens can transmit via
a range of contact events, facilitated by different host behaviors such as respiration, physical
contact, and shared space use. We hypothesize that different host behaviors give rise to
differences in contact network structure, constraining the space over which pathogen traits
can evolve to maximize fitness.
To investigate this question, we collected and analyzed 207 contact networks of 56 animal
species to investigate the impact of behavior type on contact structure and thereby on
simulated pathogen traits. We found that contact networks vary by behavior type: most
notably, sexual contact networks are sparse, and feature the greatest between-individual
variation in number of contacts. Using disease simulations, we show that these differences in
network structure mean that sexually transmitted pathogens need higher transmissibility to
successfully proliferate, compared other pathogens. Through a literature review of human
pathogens’ traits, we provide support for the hypothesis that sexually transmitted pathogens
have evolved longer infectious periods relative to other pathogens traveling on less sparse
contact networks. Our work demonstrates that contact network structures can drive the
evolution of compensatory pathogen traits according to transmission strategy, providing
essential context for understanding pathogen evolution and ecology.
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Host specificity and frequency dependent selection as drivers of strain
diversity for the pathogenic microbe, Borrelia burgdorferi
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Competing hypotheses exist for the maintenance of strain diversity in bacterial pathogens,
particularly those transmitted via generalist vectors. Strains may evolve degrees of host
specialization or generalism, altering ability to avoid innate immune clearance between
hosts, suggested by the multiple niche polymorphism (MNP) hypothesis. Strain fitness may vary
temporally as adaptive immune systems target a community’s dominant strains, known as
negative frequency dependent selection (NFDS). We used Borrelia burgdorferi, the causative
agent of Lyme Disease, to distinguish the role of these competing drivers of bacterial strain
diversity. First, we developed a model to understand how multi-strain communities compete
and/or co-exist using a deterministic framework for calculating the basic reproduction
number (R0). This examines the impact of host specificity and genetic diversity at antigenic
loci to identify interaction and stability for 2-6 cocirculating strains. We validated this model
and examined natural variation across hosts and time by sequencing Borrelia samples from a
7-year field study. We targeted three surface proteins (ospC, dbpA, cspZ) with putative role in
innate and adaptive immune interactions to type strains and examine extent of cooccurrence, genetic differentiation, segregation among hosts, and frequency shifts across
time. Our model found that generalist species are excluded in two-strain communities, and in
three-strain communities, weak specialists are excluded in the presence of stronger crossimmunity. Across four or more strains, stability is low and we expect communities persist only
when all species exhibit generalism or specialism. Targeted gene sequencing will allow strain
identification at variable frequencies within hosts as well as across multiple years in wild
populations. Our findings provide varying evidence for both MNP and NFDS mechanisms in
driving diversity among populations of this important zoonotic pathogen, highlighting the
complex ecology and evolution of vector-borne diseases, which depends on local hostcommunity, variable immune interactions, and competition among co-occurring strain.
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Introduction: Low-density and asymptomatic Plasmodium vivax infections remain largely
undetected by malaria control programs in the Amazon. Quantifying their relative
contribution to onward transmission is critical for designing regional strategies for malaria
elimination.
Methods: We did a systematic review and pooled analysis of individual data from populationbased surveys that measured P. vivax prevalence by both microscopy and polymerase chain
reaction (PCR). We modeled the relationship between parasite density and infectiousness to
mosquitos using membrane feeding assay data. We examined: (1) how malaria transmission
intensity and age relate to the proportion of P. vivax infections that are subpatent and
asymptomatic, and (2) how parasite density relates to the risk of clinical manifestations and P.
vivax transmission to mosquitoes in the Amazon.
Results: Seventy-nine pairs of prevalence measurements from Brazil, Peru, and French Guiana
were analyzed. PCR detected 5-fold more infections than microscopy, with similar
microscopy detection rate (mean, 28%) in high and low prevalence settings. Asymptomatic
and subpatent infections predominated over symptomatic and patent infections across all
age groups in six studies with individual-level data. We used parasitemia measurements by
quantitative PCR to characterize site-specific and age-dependent parasite density thresholds
above which most P. vivax infections were symptomatic. We estimate that parasite carriers
missed by microscopy are the source of only 12% to 24% of mosquito infections, while
asymptomatic carriers contribute 27% to 79% of community-wide P. vivax transmission.
Conclusion: Microscopy may suffice to identify the infectious reservoir of P. vivax to be
targeted by active case detection across the Amazon.
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Nipah virus (NiV) is a bat-borne zoonotic virus first identified in 1998. Since then, it has been
identified in bats throughout South and Southeast Asia. While infections in humans are rare,
Nipah infection in bats appears to be widespread throughout the region. This suggests the
underlying viral diversity in bat populations may be substantial. Here we conducted a
comprehensive assessment of the genetic diversity present in NiV across different spatial
scales. We identified all NiV genomes available on GenBank, as well as several previously
unpublished sequences from Cambodia, and identified the spatial information and the host
species for each genome. We reconstructed a time-resolved phylogeny and used a
clustering algorithm to organise the sequences into distinct lineages. We calculated the
diversity of clades within and across locations. We identified 209 sequences in total from 6
countries (Malaysia, Indonesia, Cambodia, Thailand, Bangladesh, and India) that divided into
4 major clades and 12 lineages. On average, lineages emerged 16-24 years ago. We found
that within any bat roost there were an average of 1.8 distinct lineages circulating, rising to
3.1 lineages at a region level. Lineages were highly spatially correlated. The probability that a
pair of sequences came from the same lineage ranged from 0.35 (95% CI 0.28 - 0.44) when
the sequences were sampled within 10km of each other to 0.12 (95% CI 0.06 - 0.19) when they
were 500-1000km apart. Overall, we found the geographic spread of NiV has been slow. The
mean spatial distance between a pair of viruses rose from 99km (95%CI: 52-179km) when the
viruses were separated by <5years to 895km (95%CI: 840-951km) when viruses were separated
by 20 years. These findings suggest there is widespread and entrenched viral diversity in NiV
and that different areas across the region have different circulating viruses.
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How do host competence and interspecific competition influence
amplification and dilution of disease?
Michael Cortez

Florida State University

For pathogens that infect multiple host species, the addition or loss of a host species in a
community can affect disease prevalence in other host species. I present results from an nhost, 1-pathogen epidemiological model with environmental (e.g., spore-based) transmission
and show how host competence and interspecific competition influences whether increased
host biodiversity increases (amplifies) or decreases (dilutes) disease prevalence in a focal
host. The two main results are (1) if the added host is a weak interspecific competitor, then
amplification/dilution is driven by the net production rate of infectious propagules by the
added host whereas (2) if the added host is a strong interspecific competitor, then
amplification/dilution can be driven by the net production rate of infectious propagules by
the resident hosts. I also show how my theoretical framework is a step towards unifying
dilution effect theory for environmentally and directly transmitted pathogens.
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Constitutive Immune Expression Disproportionately Affects Mortality Rates
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Variation in pathogen-associated infection outcomes occurs from complex interactions
between pathogen replication, host resources, and host immune defenses. Hosts can invest
in immune factors before (constitutive) or after (inducible) pathogen exposure but both
defense strategies have myriad costs and benefits that can influence host fitness and impact
pathogen transmission. To investigate how variation in the intensity of constitutive and
inducible immune responses influences infection outcomes for host and microbe, we
capitalized on the powerful Tribolium castaneum-Bacillus thuringiensis (Bt) system. Using RNAi,
we manipulated the expression of key beetle immune regulators for the Toll, IMD and
melanization pathways during septic Bt infection. Additionally, we augmented Bt growth
rates by varying the temperature during infection. We found that during an acute Bt
infection, decreasing the expression of the Toll, IMD, and melanization inducible responses
significantly reduces resistance to Bt infection, but does not affect host survival probability
regardless of Bt growth rate. In contrast, increasing the constitutive expression of the Toll
pathway results in decreased bacterial burdens and increased host survival probability from
infection. These results indicate that variation in constitutively expressed immune factors
disproportionately affects disease outcomes during acute infection, leading to variation in
the relationship between virulence and transmission probability. Can microbes sense and
adapt to these shifts in immune landscapes? Future work will investigate the genetic
mechanisms Bt uses to overcome changes in immune resistance and if Bt can adjust traits like
replication rate when experimentally evolved under these new immune landscapes. This work
will better inform which immune parameters disproportionally influence microbial evolution
and identify new constraints on microbe adaptation, leading to better predictions of the
spread and evolution of infectious diseases.
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The tradeoff between model complexity and data quantity in estimating
epidemiological parameters
Tad Dallas, Grant Foster, Bret Elderd
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1How well can simple models capture epidemic dynamics and key epidemiological
parameters? This question is fairly central to understanding infectious disease, as complex
models may offer an appealing way to address the high-dimensional reality of the infection
process, but complex models also require lots of data to estimate the numerous parameters
present. We addressed the question about the potential tradeoff between the amount of
data and model complexity in estimating epidemiological parameters. First, we used
simulated epidemics and compared model fits, starting with the least complex model (SIR
model) to the most complex (age-structured contact network SIR model). Second, we fit
these models across a range of complexity to different amounts of the infection time series.
Using existing data sources for COVID-19 infections, we provide a demonstration of the
effects of model complexity and amount of time series data on the estimation of
epidemiological parameters for both simulated and empirical data.
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The stochastic dynamics of early epidemics:probability of establishment,
initial growth rate,and outbreak size at first detection
Pete Czuppon, François Blanquart, Florence Débarre
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1We study the early dynamics of an epidemic outbreak started by a single infected
individual. We first review existing results on the probability of establishment of an epidemic,
and descriptions of epidemic dynamics with renewal equations. We then combine the
probability of establishment with this renewal equation, by conditioning the underlying
stochastic process on establishment. This adjustment explains why the initial growth of an
epidemic exceeds its asymptotic growth rate. We then illustrate the utility of these theoretical
results by applying them to the question of early outbreak detection and control.
First, we study the situation where infected individuals are detected with a certain probability.
In this situation, we compute the probability distribution of the first detection time of an
infected individual in an epidemic cluster that was started with a single infected individual.
Using this distribution, we find that the SARS-CoV-2 variant of concern B.1.1.7
detected(retrospectively) in September 2020 in England first appeared in England early to
mid-August 2020.
Additionally, we compute the distribution of the cluster size at the first detection time. In the
case of the variant B.1.1.7, this results in a mean cluster size of 159 by the time of its detection.
Last, we estimate a minimal testing frequency to detect clusters before they exceed a
certain threshold size, and we compute the detection rate of infected individuals during a
single mass testing effort. For example, in a COVID-19-parameterized model with an effective
reproduction number R=1.3, only 26% of potentially infectious individuals are detectable at
the time of testing.
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This past year has solidified how important infectious disease surveillance and on-demand
testing are during an epidemic. In the absence of universal testing, physicians depend on
clinical case definitions, which are sensitive but not specific. The sensitivity, specificity, and
positive predictive value (PPV) of a clinical case definition, depend on the incidence of
infection which varies over the course of an epidemic. This project estimates the time varying
PPV of the clinical case definition for measles during a 2015 and 2016 epidemic in Mongolia.
There were 51,393 suspected cases, about 7,400 of these were tested which resulted in 4,335
positive IgM tests. We used the cases with laboratory diagnostic results to model the
probability of testing IgM positive as a function of measles incidence, age, vaccine status,
and symptom presentation. The best predictive model had an AUC of 71% and a crossvalidation error rate of 33%. The predicted number of cases among the untested subset
(43,995 cases) is 27,631, suggesting that the true size of the epidemic was 68% smaller than
the total of all reported suspected cases. Clinical reporting will tend to overestimate the
number of cases during an outbreak, this issue calls for an adaptive approach that links
diagnostic and clinical surveillance to get a true picture of the burden of disease. The PPV
was positively correlated with incidence and negatively correlated with prior vaccination.

ABSTRACT
Agata Delnicka - University of Edinburgh – UK

Fitness of parasitic gut nematode, Heligmosomoides polygyrus, in male and
female wood mice
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Sex-biased parasitism is commonly observed in nature, with one sex often being more
parasitized than the other. These patterns are often attributed to host traits that differ
between sexes and differences in parasite exposure, yet the question of whether parasite
fitness is higher in one host sex than the other is often overlooked. We experimentally infected
male and female captive-bred wood mice, Apodemus sylvaticus, with a naturally-infecting
gut nematode, Heligmosomoides polygyrus, to see how the fitness of infecting worms differed
between the host sexes at different times of infection. We found that host sex did not affect
worm burden, fecundity, nor egg shedding, but that egg shedding was highly variable with
time. Although worm fecundity was positively dependent on worm burden, this was not host
sex specific. These results suggest that parasite fitness does not depend on host sex in this
system, and that any observed sex-bias in nematode infection in wild wood mice is likely to
be driven by host traits and parasite exposure.
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Optimal immune specificity at the intersection of host life history and parasite
epidemiology
Alexander E. Downie (presenting author), Andreas Mayer, C. Jessica E. Metcalf, Andrea L.
Graham

Department of Ecology and Evolutionary Biology (AED, CJEM, ALG), Lewis-Sigler Institute for
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Both epidemiology and life history are commonly hypothesized to influence host immune
strategy, and the pairwise relationships between immune strategy and each factor have
been extensively investigated. But the interaction between these two is rarely considered,
despite evidence that it may have emergent effects on optimal immune strategy. Here we
investigate the confluence of epidemiology and life history as it affects immune strategy
through a model of sensitivity and specificity in parasite recognition and response. We
employ a demographic matrix framework that allows for detailed description of life history
and incorporation of variation in infection risk across life. We find that differences in
reproductive output schedule alter optimal immune strategies – but the direction and
magnitude of these effects depends on how epidemiological risks vary across life. Drawing
on published life history data from the COMADRE database of animal population matrices,
we further find that these predictions apply across chordate taxa for several different life
history traits associated with both reproduction and longevity. Our results shed light on the
complex interactions shaping host immune strategy and may prove valuable in interpreting
empirical results in ecoimmunology. They also underline the importance of nuance in both
epidemiology and demography when studying immune strategy.

ABSTRACT
Zhanwei Du - University of Hong Kong - Hong Kong
Pandemic fatigue impedes mitigation of COVID-19 in Hong Kong
Zhanwei Du, Lin Wang, Songwei Shan, Dickson Lam, Tim K. Tsang, Jingyi Xiao, Huizhi Gao,
Bingyi Yang, Sheikh Taslim Ali, Sen Pei, Isaac Chun-Hai Fung, Eric H. Y. Lau, Qiuyan Liao, Peng
Wu, Lauren Ancel Meyers, Gabriel M. Leung, Benjamin J. Cowling

University of Hong Kong

Social distancing to reduce interpersonal contacts has been a cornerstone of the successful
control of COVID-19 prior to the availability of vaccines. The extent to which pandemic
fatigue is undermining adherence to such measures and accelerating transmission remains
unclear. Using large-scale weekly telephone surveys and mobility data, we characterize the
change in risk perception and protective behaviors over time in Hong Kong. From the third
wave (July to August 2020) to the fourth wave (October 2020 to January 2021), we estimate a
1.5% to 5.5% reduction in population compliance with protective policies, leading to
prolonged disease circulation and increased incidence of infections. Using mathematical
models incorporating the effects of population protective behaviors, we estimate that the
fourth wave would have been 14% smaller if not for pandemic fatigue. Mitigating pandemic
fatigue will be essential in maintaining population protective behaviors for controlling COVID19.
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Linking zoonotic disease prevalence to human and livestock exposure risk
across a gradient of anthropogenic land use in Madagascar
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Lebarbenchon2, Toky M Randriamoria3, Tamby N Ranaivoson3, Jean Yves Rabezara4,
Courtney Werner1, Georgia Titcomb5, Michelle Pender1, Julie Shapiro6, Shai Pilosof6, Randall
Kramer1, Peter J. Mucha7, James Moody1, Voahangy Soarimalala3, Steven M. Goodman3,8,
Pablo Tortosa2, Charles L Nunn1

1Evolutionary Anthropology, Duke University, Durham, NC, United States 2UMR Processus
Infectieux en Milieu Insulaire Tropical (PIMIT), Université de La Réunion, Ile de La Réunion,
France. 3Association Vahatra, Antananarivo, Madagascar 4Science de la Nature et
Valorisation des Ressources Naturelles, Centre Universitaire Régional de la SAVA, Antalaha,
Madagascar 5Marine Science Insitute, University of California, Santa Barbara, CA, United
States. 6Life Sciences, Ben-Gurion University of the Negev, Tel-Aviv, Israel 7Mathmatics,
University of North Carolina at Chapel Hill, Chapel Hill, NC, United States. 8Field Museum of
Natural History, Chicago, IL, United States

Habitat degradation alters host community structure, which can affect pathogen prevalence
and influence exposure of people and domestic animals to zoonotic diseases. The risk of
exposure to zoonoses is especially high in rural areas of tropical countries, which have a high
degree of habitat degradation and biodiversity. Investigating the links between habitat
degradation, host diversity and human exposure requires data on disease prevalence
combined with spatial data on human, native and introduced wildlife, and domestic animal
hosts. These data provide the means to test whether known exposures result in infections and
to identify which individuals could spread a pathogen between areas. We collected data on
160 introduced (Rattus, Mus, Suncus) and 99 endemic (Tenrecidae, Nesomyidae) small
mammals, 32 livestock (Bos indicus, Sus scrofa) and 122 people from the area surrounding a
rural village in northeastern Madagascar. We trapped small mammals along a gradient of
degradation and anthropogenic use (6 grids, 143 traps each), and used PCR to test for
Leptospira, Hanta-, Paramyxo-, Corona-, and Astro-viruses. We conducted pathogen and
serologic screening on all sampled livestock and people, these subjects also wore a GPS
tracker (iGot-U 120) for a minimum of one week. We then formed spatial overlap networks of
people, domestic animals, and trap grids to 1) identify individuals with the highest centrality
based on overlap, and 2) test whether these overlaps predicted pathogen sharing between
individuals within specific habitats. We found that 60 people and 9 livestock overlapped with
4 of the trap grids. Pathogen prevalence rates differed for non-native and native species
respectively for Leptospira (0.25, 0.07), Paramyxovirus (0.04, 0.07), and Astrovirus (0.21, 0). The
degree and strength centralities of people, domestic animals and trap grids suggests usage
patterns, and thus exposure risk, varied by individual and location.
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Individual differences in mite behavior and the potential to vector bacteria
between hosts
Emily S. Durkin, Emily Stone, Elise Richards, Andrew Cook, Allison Roth, Brian Lazzaro, and Nick
Keiser
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Our interest in the evolution of parasites from free-living ancestors led us to investigate the
potential role of individual variation driving parasitic tendencies in the facultatively parasitic
mite Macrocheles muscaedomesticae. We found that individual mites exhibited repeatability
in their host-attachment propensity; some attaching to a host at every opportunity and others
never attaching. Given these findings, mites with parasitic tendencies may have the potential
to vector pathogens between their Drosophila fly hosts. We investigated the mite’s ability to
vector a pathogenic bacteria (Serratia marcescens) by allowing them to first attach to
infected donor flies and subsequently attach to naïve recipient flies and later examining all
flies and mites for infection. We found that mites were Indiaed capable of transmitting
bacterial infection among flies. We discuss the importance of individual behavioral variation
in vector ecology.1

ABSTRACT
Jenalle Eck - University of Zurich - Switzerland
Genotype-specific benefits and risks of mutualist association in natural
epidemics
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Protection against pathogenic microbes by mutualists, such as mycorrhizal fungi, has been
demonstrated in agricultural species and could also occur in wild plants , but studies
examining how mutualism affects host-pathogen dynamics in natural populations are rare .
Here we show that mycorrhizal fungi influence infection patterns and alleviate risks
associated with growth in host populations during natural epidemics. To examine this, we
conducted a field experiment in three naturally-occurring populations of a fungal plant
pathogen, Podosphaera plantaginis, on Plantago lanceolata in the Åland Islands, Finland. In
each population, we collected field epidemiological data on experimental hosts that were
grown with or without mycorrhizal fungi, then placed in the epidemics to gain foliar infections
naturally. We found that the magnitude of the growth benefits provided by mycorrhizal fungi
varied among host populations and genotypes, as did changes in infection risk due to
mycorrhizal association. Mycorrhizal fungi also altered an innate relationship between size
and infection risk in the host individuals: in the absence of mycorrhizae, large plants were
more likely to become severely infected by the wind-dispersed pathogen, but mycorrhizal
plants grew large without increasing their infection risk or load. Furthermore, mycorrhizal
association decreased infection severity in hosts of all genetic origins, with more susceptible
host genotypes receiving stronger protective effects. Together, our results show that
mycorrhizal fungi produce genotype-specific benefits and alter infection risks, affecting
disease dynamics in host populations. Understanding how mutualism-derived protection
alters host susceptibility to disease will be important for predicting infection outcomes in
ecological communities and in agriculture.
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The effects of vaccination and non-pharmaceutical interventions on COVID19 transmission and disease burden
Bret D. Elderd, Tad Dallas, and Grant Foster
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Even though vaccination rates are increasing across the world, non-pharmaceutical
interventions (NPIs) still play an important role in limiting the spread of COVID-19. Using a series
of differential equation, we varied the proportion of the population that followed NPI
guidelines (e.g., wearing a mask) while changing the ratio of vaccinations that are given to
individuals that follow NPI guidelines to those that do not follow established guidelines. For
each of our scenarios, we kept track of the peak number of infections and overall number of
infections during the outbreak. Both metrics can be considered as gauges of hospital and
societal burden associated with the disease. We show that when fewer individuals comply
with NPI guidelines that the most effective strategy to decrease burden may be to prioritize
the vaccination of the non-compliers. While the focus of the model was on COVID-19, the
results can lend insight into which strategies should be taken during the next pandemic.

ABSTRACT
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The source of individual heterogeneity shapes infectious disease outbreaks
Baptiste Elie, Christian Selinger, Samuel Alizon
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Infectious disease transmission patterns in some outbreaks can be more heterogeneous than
in others, with striking effects on the way epidemics unfold. Some studies show that the
biological sources of heterogeneity may matter, but they tend to do so without controlling for
the overall heterogeneity in the number of secondary cases caused by an infection. Here,
we control for this important bias to explore the role of individual variation in infection
duration and transmission rate on parasite emergence and spread. We simulate outbreaks
using a stochastic SIR model, with and without parasite evolution. Consistently with existing
studies, we show that the variance in the number of secondary infections has the strongest
effect on outbreak emergence probability but has little effect on the epidemic dynamic
once emergence is certain. The origin of heterogeneity also affects the probability of
emergence, but its more striking effects are about properties of epidemics that do emerge. In
particular, assuming more realistic variances in infection duration distributions lead to faster
outbreaks and a higher peak of incidence. When the parasite requires evolutionary changes
to be able to spread, the impact of heterogeneity depends on the underlying evolutionary
model. If the parasite evolves within the host, decreasing the infection duration variance
decreases the probability of emergence. These results show that using realistic distributions for
infection duration is necessary to accurately capture the effect of individual heterogeneity
on epidemiological dynamics, which has implications for the monitoring and control of
infectious diseases, as well as data collection.
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How microclimatic variables and blood meal sources influence Rhodnius
prolixus abundance and Trypanosoma cruzi infection in Attalea butyracea
and Elaeis guineensis palms?
Johan M. Calderón, Diana Erazo, Troy J. Kieran, Nicole L. Gottdenker, Cielo León, Juan
Cordovez, Felipe Guhl, Travis C. Glenn, Camila González
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Chagas disease is a zoonosis that affects several million people and is caused by the parasite
Trypanosoma cruzi, which is mainly transmitted through the feces of triatomine bugs. Within
triatomines, several Rhodnius species have been found inhabiting palms, and certain factors
such as palm species and location have been related to the abundance and T. cruzi
infection of those insects in palms. In this study, the main goal was to determine if R. prolixus
abundances and infection rates in Attalea butyracea and Elaeis guineensis palms are related
to ecological factors such as palm species, crown microclimate, and available blood meal
sources. Triatomine sampling was performed in two municipalities of Casanare, Colombia,
specifically in the intersection of riparian forests and oil palm plantations. For R. prolixus
abundance per palm, the predictors showing more relationship were palm species and
blood meal species identified in the palm, and for T. cruzi infection per triatomine, they were
palm species and nymphal stage. Palm microclimate was very similar in both palm species
and did not show a relationship with triatomine abundance. Comparing palm species, A.
butyracea showed more blood meal species, including more refractory host species, than E.
guineensis, but lower T. cruzi infection rate and parasitaemia.
Interestingly, non-arboreal blood meal species were frequently found in the analyzed
nymphs, indicating that the blood source for R. prolixus in palms corresponded to all the
fauna located in the surrounded landscape and not only in the palm. These results could
expose a new ecological scenario to interpret the T. cruzi transmission in sylvatic
environments.
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Aedes aegypti outcompetes Anopheles stephensi across a range of larval
temperatures
MV Evans, JM Drake, L Jones, CC Murdock
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1Anopheles stephensi, the primary vector of malaria in urban centers in India, has recently
expanded its range across the Middle East and North Africa, raising concern it may become
established and contribute to urban malaria transmission in sub-Saharan Africa. In its invasive
range, An. stephensi interacts with resident mosquito species, and understanding how these
interactions can affect An. stephensi population dynamics is necessary to predict transmission
risk at the species' invasive edge. Further, mosquito life-history traits are extremely sensitive to
temperature and competition between mosquito species may be dependent on
temperature as well. Here, we explored temperature-dependent competition between An.
stephensi and Ae. aegypti across five temperatures (16 - 32 C). We measured traits relevant
for population growth from which we estimated each species' per capita growth rates and
derived each species' competitive ability at each temperature. Ae. aegypti emerged as the
dominant competitor at all temperatures, primarily due to differences in larval survival and
development times across the two species. Our results suggest that competitive interactions
with resident mosquito species, such as Ae. aegypti, could shape the distribution of An.
stephensi, and therefore the human population at risk of urban malaria, across its invasive
range.

ABSTRACT
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Building a comparative database of sites of infection via text mining
Maxwell J. Farrell, Liam Brierley, Andrew Yates, Nicole Mideo
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Computational approaches for text analysis are increasingly applied in biomedical sciences,
but have yet to be widely adopted in ecology and evolutionary biology. Existing literaturebased datasets report susceptible host species for a diversity of infectious organisms, but little
structured data is available to describe tropisms (i.e., the specific host tissues, organs, or
organ systems in which infection occurs). We apply tools for text mining and Natural
Language Processing to address this fundamental data gap.
Starting with existing vertebrate host-parasite association databases, we gather >60,000
abstracts for manuscripts known to report at least one host-parasite interaction. We construct
a pipeline of Named Entity Recognition and linking to the Unified Medical Language System
(UMLS) to identify terms describing body parts, organs, and organ systems within each
abstract. UMLS terms are then matched to a host anatomical system through crossreferencing the UBERON ontology of cross-species anatomy.
Across >1,200 unique UMLS terms, 88% were successfully mapped to an anatomical system
via UBERON, with a precision of 0.96 following manual validation of a stratified sample. In
total, we generate >11,000 unique host-pathogen-anatomical system co-occurrences, with a
median of 3 organ systems (range 1 - 14) recognised per host-pathogen combination. We
further explore validation approaches to reduce false-positive associations using verb
mentions and training of a new specialized Named Entity Recognizer for site of infection.
Initial analyses suggest high pathogen specialisation for digestive and respiratory systems
compared to other tropisms.
We demonstrate the use of automated techniques to generate comparative data from
published scientific texts, and an approach to dynamically amalgamate data from future
publications. This framework may also be used to identify published host-parasite records
which are not currently included in global databases and expand these data to include likely
sites of infection and other disease outcomes such as mortality and infection-induced
pathologies.
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Climate change and global trade will challenge genetic resistance to
Verticillium wilt in the legume plant Medicago truncatula
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Verticillium wilt is caused by species of the soilborne fungus Verticillium and affects more than
200 plant species. Verticillium wilt of alfalfa (Medicago sativa) is a major problem for this crop.
Its close relative Medicago truncatula, a wild species growing all around the Mediterranean,
is a model plant in legume biology and is used widely to study genetic control of disease
resistance. We previously described the genetic architecture for quantitative resistance to
the French V. alfalfae strain V31.2 (1, 2) and described correlation between resistance and
population structure (3). Our present study aims to assess effects of climate change and
globalization on genetic resistance to V. alfalfae. Hence we isolated V. alfalfae strains from
alfalfa in Iran and conducted inoculation experiments at 25°C compared to the standard
temperature of 21°C.
Fungal isolates were identified by PCR with V. alfalfae -specific primers and characterized by
their reproductive and vegetative characteristics at 3 temperature. One Iranian isolate was
selected for further studies.
The plant’s response to this strain was assessed by scoring disease symptoms during 4 weeks
after root inoculation in 242 M. truncatula accessions. Area Under disease progress curve
(AUDPC) and Maximum symptom scoring (MSS) were computed as phenotypic traits.
Genome-wide association analysis was performed with 5,671,743 SNPs and revealed 30 loci
associated to resistance traits MSS and AUDPC. Except one, all loci are different from those
identified previously with V31.2 at 20°C. This clearly shows the strong effect of environment
and fungal strain and not only challenges crop breeders to prepare for future conditions
influenced by climate change and the introduction of pathogens by global trade, but also
calls for surveillance in natural ecosystems.
1. Ben et al., 2012, J. Exp. Bot, 64(1):317-32.
2. Mazurier 2018, PhD thesis Université de Toulouse, INP-ENSAT
3. Gentzbittel et al., 2019, Genome Biol., 20, 106.
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Spillover occurs when a pathogen overcomes a series of ecological and physiological
barriers to successfully infect a new host species. Hendra virus (HeV) in Australian flying foxes
provides a data-rich study system for uncovering mechanisms underlying observed spillover
events. HeV is a single stranded RNA virus in the genus Henipavirus that is naturally transmitted
among Australian flying foxes (Pteropus species). The virus spills into other species, with severe
negative health consequences. The frequency of spillover events to horses and humans
varies interannually since the virus was first discovered in 1994. HeV spillover events are
thought to be driven, in part, by environmental factors, including loss of flying fox habitat and
climate variability. However, identifying proximate drivers of HeV spillover events has proven
elusive.
In this study, we explicitly examine the impact of local and regional environmental variation
on the risk of HeV spillover. We analyze a dataset of 62 spillover events spanning 25 years to
evaluate links to concurrent and lagged temperature, rainfall, vegetation indices, and
climate indices. Temporally, we identify environmental factors that precede reported spillover
events. Additionally, we identify key areas of critical flying fox habitat that are particularly
vulnerable to climatic fluctuations across the landscape. These results improve our
understanding of the temporal and spatial mechanisms linking environmental factors and
Hendra virus spillover. We can apply these finding to prioritize spillover surveillance and
habitat restoration for flying foxes and other reservoir species.
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Is LACV lineage III a potential public health risk?
Lindsey Faw (1), Theodore Andreadis (2) , Philip Armstrong (2), and Gillian Eastwood (1,2)
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La Crosse virus (LACV) is a mosquito-borne virus, the causative agent of La Crosse
encephalitis (LACE). LACE is the leading cause of pediatric encephalitis in the United States.
There are up to 120 cases of neuroinvasive LACV infection per year, generally occurring in
children under the age of 16. LACV now comprises three lineages that approximately
correspond to geographic regions in the United States. The majority of infections are caused
by lineage I and are localized in the Midwest and the Appalachian region; Lineage II is
known to cause disease in the Southern United States. We show local persistence of Lineage
III, first isolated in 2005 in the Northeast United States. There have been no documented
human cases of LACE in the study region, although we suggest that an entomological risk
exists and have made multiple isolates of lineage III from mosquitoes in Connecticut. Aedes
triseriatus is thought to be the native vector of lineage III LACV, however we show that
lineage III LACV is present in other mosquito populations including Aedes cinereus, Aedes
canadensis, and Aedes trivattatus.
Elsewhere Aedes albopictus and Aedes japonicus have also been shown to harbor LACV
infection. These mosquito species may play a role in the enzootic cycle of lineage III however,
their role has not been determined. Additionally, we examined the growth kinetics of lineage
III LACV and saw no differences between virus strain growth, although conversely preliminary
data from murine models suggests there are differences in pathogenicity. The lack of human
cases in the presence of a clear entomological risk and demonstrated pathogenicity
suggests the need for further angles to be examined. My research aims to address this
discrepancy and determine the public health risks.
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Inconsistent evidence for a dilution effect in Daphnia communities infected by
a bacterial parasite
Michelle Fearon, Camden Gowler, Meghan Duffy
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The dilution effect hypothesis suggests that greater host biodiversity can reduce infectious
disease transmission. While the dilution effect appears to operate in a variety of hostpathogen systems, it is not universal. Most prior studies have only investigated the dilution
effect for a single parasite, even though most host communities are infected with multiple
parasites. In this study, we asked whether a host community that has previously shown
evidence for a dilution effect for one parasite, would dilution also occur for a second
parasite? Daphnia communities have smaller fungal (Metschnikowia bicuspidata) epidemics
when host communities are dominated by less susceptible ‘diluter’ hosts. We used a paired
experimental and field study approach to examine the potential within Daphnia host
communities for a second parasite, the bacterium Pasteuria ramosa, to exhibit a dilution
effect. First, we experimentally examined the effect of increasing densities of three potential
diluter host species on Pasteuria prevalence in susceptible Daphnia dentifera. At an
intermediate diluter host density, Daphnia pulicaria reduced Pasteuria prevalence in
susceptible D. dentifera hosts by 49% relative to non-competent D. dentifera, while Daphnia
retrocurva only reduced Pasteuria prevalence by 11.6%. Second, we analyzed variation in
the size of Pasteuria epidemics in the dominant crustacean grazer, D. dentifera, in
Midwestern U.S. lakes based on the Daphnia host community. In the field, only the density of
the primary host, D. dentifera, was significantly correlated with Pasteuria prevalence. Thus,
while the experimental evidence suggests the potential for greater D. pulicaria densities to
dilute Pasteuria prevalence in D. dentifera, we did not find evidence supporting dilution in the
field. Our finding that a second parasite infecting the same host community does not
necessarily show the same dilution effect at the field scale suggests the underlying
biodiversity–disease mechanisms may differ even among parasites that share similar hosts.

ABSTRACT
Jonathan Fenn - University of Nottingham - UK
Associations between Gastrointestinal Helminth Infection and Microbiome
Diversity in a Wild Population of the House Mouse.
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Helminth parasites are ubiquitous in wild mammal populations, with most populations
harbouring multiple helminth species. Gastrointestinal helminths share a physical niche with
the gut microbiome, and thus might be expected to be show associations with bacterial
communities. Indiaed, interactions between the gut microbiome and parasites of the
gastrointestinal tract are widely reported in laboratory infection models. The nature of these
interactions are often complex, as bacterial gut communities can be extremely dynamic,
and there are a diversity of ways by which helminth parasites can affect their host and alter
their niche. While laboratory studies have highlighted a number of parasite-bacteria
relationships, wild mice have significantly different microbiomes to laboratory populations,
and are often co-infected with multiple parasite species, making the significance of these
relationships in wild populations unclear. We obtained cross-sectional microbiome data from
a well-characterised, feral population of the house mouse (Mus musculus) on the Isle of May,
Scotland, and found significant associations between microbiome diversity and infection with
the gastrointestinal helminths Syphacia obvelata and Trichuris muris. In the case of Trichuris
muris, the observed associations mirror those observed in laboratory studies, specifically a
reduction in species richness. These associations lay the groundwork for longitudinal studies
which will help to determine the directionality of observed relationships, and allow us to
better understand the implications on host fitness and immunophenotype.
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Modelling to inform the COVID-19 response in Bangladesh
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Non-pharmaceutical interventions (NPIs) to limit SARS-CoV-2 transmission vary in their
feasibility, appropriateness and effectiveness in different contexts. In Bangladesh, a national
lockdown implemented in early March 2020 rapidly exacerbated poverty and was
considered untenable long-term. Rapid exploration and deployment of more appropriate
NPIs was required.
We developed an SEIR model for Dhaka District, parameterised from literature values and
calibrated to death data from Bangladesh. We discussed potential NPI scenarios and
parameterizations with policymakers with the aid of an interactive app. These discussions
guided modelling of the lockdown and two post-lockdown NPIs considered feasible to
deliver; symptoms-based household quarantining and compulsory mask-wearing. We
examined how testing capacity affects case detection, and compared NPI scenarios on
deaths, hospitalisations relative to capacity, working days lost through illness and NPI
compliance, and cost-effectiveness.
Lockdowns alone were predicted to delay the first epidemic peak but were unable to
prevent overwhelming of the health service and extremely costly. Symptoms-based
household quarantining alone could not prevent hospitalisations exceeding capacity, but
mask-wearing could prevent overwhelming health services and be cost-effective, if masks
had high filtration efficiency. The modelled combination of these measures prevented excess
hospitalizations for both medium and high filtration efficiency masks. Even at maximum
testing capacity, confirmed cases far underestimate total cases, with saturation limiting
reliability for assessing trends.
Masks and symptoms-based household quarantining act synergistically to prevent
transmission, and are cost-effective in Bangladesh. Our interactive app was valuable in
supporting decision-making in Bangladesh, where mask-wearing was mandated early, and
community teams are supporting household quarantining across Dhaka. These measures
likely contributed to averting the worst impacts of a public health disaster. However, reduced
compliance with measures and a lack of protection against the B.1.351 variant have led to
surging cases in 2021. Messaging to improve mask-wearing is urgently needed in response.
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The caprine herpesvirus type 1 (CpHV-1) is distributed throughout the world where there is
production of goats, in Argentina it was reported in different regions with seroprevalences
between 27% and 43%. It causes systemic and genital disease (abortions). There is no specific
treatment, although the application of Acyclovir interfere with viral replication with different
degrees of efficacy has been reported. Due to the costs and side effects produce, the
search for new chemotherapeutic agents is essential. This is how the objective of the work
arises, which is to evaluate the in vitro effectiveness of native plant extracts as antiviral
treatment. Larrea divaricata (Jarilla, family Zygophyllaceae), Mintostachys verticilata (or
peppermint, family Lamiaceae) and Parastrephia lepidophylla (or tola, family Asteraceae) in
comparison with Aciclovir effect were evaluated. The in vitro characterization of the antiviral
effect of the extracts was evaluated by assays of maximum non-cytotoxic concentration,
cytotoxic concentration 50, inhibitory concentration 50, lysis plaques and viral replication
kinetics on MBDK cells. Jarilla, peppermint and Tola are not cytotoxic at a concentration of
1.04 mg/ml. The Tola extracts obtained in different years (T1 and T2) presented the highest
values of cytotoxicity, CC50= 0.57 mg/ml and 0.9 mg/ml respectively; peppermint extract
presented CC50= 1.6 mg/ml. Jarilla extract was the best tolerated, presenting CC50= 2.4
mg/ml. Peppermint and Tola 2 presented the best antiviral activity with IC50= 0.16 mg/ml,
Jarilla an IC50= 0.26 mg/ml and Tola 1 with IC50= 0.32 mg/ml. The average plaque lysis of
peppermint and Tola was similar (177,170) and Jarilla (21,174). Jarilla's selectivity Indiax
(CC50/IC50) was 9.2, peppermint 10, Tola 1 1.78, Tola 2 5.6. In Jarilla's kinetics, a viral titer of 5
was obtained in the extracellular fraction at 24 h and 475 in the intracellular. The extracts
show antiviral activity which offers possibilities of finding active compounds against CpHV-1.

ABSTRACT
Francisco Ferreira - Rutgers University - US
Transcriptomic response of Hawai’i’s Culex mosquitoes to the local avian
Plasmodium relictum
Francisco C. Ferreira 1,2, Elin Videvall 2, Christa Seidl 3, Marm Kilpatrick 3, Robert Fleischer 1,
Dina Fonseca 2

1 Center for Conservation Genomics, Smithsonian Conservation Biology Institute, Washington,
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Culex quinquefasciatus, the mosquito vector of bird malaria in Hawai’i, was introduced to the
islands in the 1820s and the deadly effects of malaria on endemic birds have been
documented for more than 60 years. To evaluate the molecular response of the mosquito to
the parasite, we collected wild Hawaiian Culex quinquefasciatus and let their offspring feed
on a domestic canary with a low-intensity infection of a third-passage Plasmodium relictum
isolated from a Hawaiian honeycreeper. We confirmed infection and sequenced individual
mosquito transcriptomes using Illumina RNA-seq of five infected and three uninfected
individuals at three different stages of the parasite cycle in the vector: during ookinete
invasion of the midgut 24 h post-feeding (24 hpf); during early development of oocysts 5 days
post-feeding (5 dpf); and when sporozoites invade the mosquito salivary glands 10 dpf.
Differential gene expression analyses showed that at 24 hpf, 53 genes were upregulated and
56 genes downregulated in infected mosquitoes, compared to the uninfected controls.
Likewise, at 5 dpf and 10dpf, 45/27 genes and 37/35 genes were up-/downregulated,
respectively. During ookinete invasion, genes related to oxidation-reduction processes and
galactose catabolism were downregulated, while calcium transportation and cobalamin
binding genes were upregulated. Early oocyst development was associated with increased
chloride transport, DNA packaging processes and reduced catalytic activity. When
sporozoites were released, oxireductase activity and nucleotide binding were upregulated.
Overall, we found a minor gene expression response in Culex to Plasmodium infection at lowintensity levels that are likely to occur in nature, and the genes involved will help us better
understand how mosquitoes handle malaria infections.

ABSTRACT
Ron Flatau - Ben Gurion university - Israel
Wolbachia endosymbionts of fleas occur in all females but rarely in males
and do not show evidence of obligatory relationships, fitness effects, or sexdistorting manipulations
Ron Flatau , Michal Segoli and Hadas Hawlena

Ben Gurion university

The widespread temporal and spatial persistence of endosymbionts in arthropod host
populations, despite potential conflicts with their hosts and fluctuating environmental
conditions, is puzzling. Here, we disentangled three main mechanisms that are commonly
proposed to explain such persistence, namely, obligatory relationships, in which the host is
fully dependent on its endosymbiont, fitness advantages conferred by the endosymbiont,
and reproductive manipulations imposed by the endosymbiont. Our model system reflects an
extreme case, in which the Wolbachia endosymbiont persists in all female flea hosts but rarely
in male ones. We cured fleas of both sexes of Wolbachia but found no indications for either
lower reproduction, offspring survival, or a change in the offspring sex ratio, compared to
Wolbacia-infected fleas. These results do not support any of the suggested mechanisms. We
highlight future directions to advance our understanding of endosymbiont persistence in
fleas, as well as in other model systems, with extreme sex-differences in endosymbiont
persistence. Insights from such studies are predicted to shed light on the evolution and
ecology of arthropod-endosymbiont interactions in nature.

ABSTRACT
Grant Foster - Louisiana State University - US
Estimating R₀from Early Exponential Growth: Parallels between 1918 Influenza
and 2020 SARS-CoV-2 Pandemics
Grant Foster; Bret Elderd; Tad Dallas

Department of Biological Sciences, Louisiana State University, Baton Rouge, LA, USA

Estimating the basic reproductive number, or R₀, of a given disease outbreak is a vital first
step in developing public health responses to emerging pathogens. While R₀ is often
estimated using a compartmental model framework, it is closely related to the initial
exponential growth rate of the infection curve. We capitalize on this relationship by using
early exponential growth rates to estimate R₀ of 2020 SARS-CoV2 outbreaks, as well as 1918
H1N1 pandemic influenza outbreaks in the same set of 47 cities in the United States. Despite
utilizing a mathematically simple approach we are able to provide accurate and informative
estimates of the distribution of R₀ across outbreaks using case data from a relatively short time
period for both outbreaks. Our results provide novel comparisons of both individual estimates
of R₀ across outbreaks within each pandemic, as well as between the overall distribution of R₀
estimates between the H1N1 and SARS-CoV2 pandemics. Our results apply a model-free
approach to R₀ estimation to two novel outbreaks and demonstrate its utility in developing
public health responses in the face of data limitations.

ABSTRACT
Quinn Fox - Washington University in St. Louis - US
Urbanization is associated with earlier, larger epidemics of a fungal plant
pathogen
Quinn N. Fox, Mahal J. Bugay, Eleanor Grant, Keiko Farah, Olivia Shaw, and Rachel M.
Penczykowski

Washington University in St. Louis

Urbanization gradients can involve clines in a number of abiotic and biotic factors that
impact host-pathogen interactions. For plant hosts, relevant changes with urbanization
include warmer air and soil temperatures, increased concentrations of heavy metal soil
contaminants, altered soil microbial communities, and increased connectivity of pathogen
populations (e.g., due to movement of propagules with humans, animals, or vehicles). We
studied changes in the prevalence of powdery mildew infection on weedy herbaceous
plants along an urbanization gradient in the St. Louis metropolitan region (Missouri, USA). Our
focal plant hosts, Plantago lanceolata and P. rugelii, co-occur in human-disturbed habitats
throughout our study region, and are infected by genus-specific powdery mildew pathogens
(Golovinomyces sordidus and Podosphaera plantaginis). We quantified variation in plant
reproductive maturity (i.e., flowering and seed production) and pathogen infection through
monthly surveys of these species in 23 populations in summer-fall 2019 and 2020. The study
sites spanned from parks in downtown St. Louis to rural Shaw Nature Reserve, with
approximately equal numbers classified as urban, suburban, and rural. Results were quite
consistent between the two years. We found that urbanization differently affected flowering
and seed production for the two host species, with greater seed production in rural sites for P.
lanceolata and greater seed production in suburban and urban sites for P. rugelii. Powdery
mildew infection was more common on P. rugelii than P. lanceolata, and epidemics started
earlier and grew larger in more urban populations. In addition, we placed greenhouse-grown
sentinel plants of both species into 15 populations for one week in July 2020. Consistent with
our survey results, we found that none of the P. lanceolata sentinels became infected, and P.
rugelii sentinels were more often infected in urban sites. Ongoing analysis of microclimatic
covariates and experimental work will clarify the abiotic and biotic drivers of these patterns.

ABSTRACT
Sarah François - University of Oxford - UK
Assessing the impact of host age on the dynamics of microbial communities
in the wild using metagenomicsAssessing the impact of host age on the
dynamics of microbial communities in the wild using metagenomics
Sarah François, Sarah C. Hill, Julien Thézé, Lia van der Hoek, Christopher M. Perrins, Oliver G.
Pybus

University of Oxford

Wildlife harbour a wide range of pathogens that harm human or livestock health, and are the
source of most emerging infectious diseases. Human activities can rapidly alter the age
structure of wild populations, yet it is rarely considered how age-structure shifts might change
the risk of pathogen detection within a species, or spillover to other species. Using a
metagenomic approach, we determined microbial diversity and abundance in faeces
collected from a wild bird population that has been subjected to intense long-term study.
Using 223 samples from ringed individuals allowed us to investigate differences in microbial
carriages between adults and juveniles to an unprecedented level of detail in a wild
population. We discovered and characterised 16 new bird-infecting virus species, and
described the core prokaryotic microbiome of mute swans (Cygnus olor). Whilst no difference
of overall microbiota diversity was observed between juveniles and adults, 50% of birdinfecting viral families and 4% of prokaryotic families were differentially abundant and/or
prevalent according to bird age. Of the identified differentially abundant taxa, microbes
including Helicobacter spp., Spirochaeta spp., astroviruses, picornaviruses, adenoviruses and
bornaviruses have been previously reported as potential causative agents of diseases in
animals. Our study indicates that perturbations that affect population age-structures of
wildlife have high potential to have a downstream impact on the dynamics of a wide
spectrum of potential pathogens. More cross-disciplinary research is needed that couples
ecological understanding of how human activities or environmental perturbations affect
population structures with longitudinal studies of microbial diversity within well-characterised
populations. This will improve our ability to determine when and where spillover risk from
wildlife to domestic animals or human is highest.
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Nurul Fuandila - Montpellier university - France
Impact of structural variation turnover in the rapid in vitro evolution of Cyprinid
herpesvirus 3, a large double-stranded DNA virus
Nurul Novelia Fuandila1, Marie-Ka Tilak1, Sven Bergmann2, Anna-Sophie Fiston-Lavier1, AnneSophie Gosselin-Grenet3, Jean-Christophe Avarre1, Emira Cherif1
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Structural variations (SVs) play a key role in viral evolutionary processes. Yet knowledge about
SV diversity and involvement in large double-stranded (ds) DNA virus evolution is limited. The
large dsDNA (295 kb) Cyprinid herpesvirus 3 (CyHV-3) is one of the most pathogenic aquatic
viruses. CyHV-3 mainly infects common carp and koi fish and is considered the leading cause
of mass mortality of carp. As for other viruses, CyHV-3 undergoes a high number of mutations
and recombinations during its replication and existed as a population of closely related
genetic variants. This virus genetic diversity can have important consequences in viral
pathogenesis, host defense escape... Short-read sequencing of a CyHV-3 isolate propagated
in a carp cell line during 100 passages revealed a deletion of 1,363 bp in the ORF150 after 78
passages, but not after 99. Experimental infections also showed that the strain passaged 78
times (P78) was much less virulent compared to the strain of origin (P0), and slightly less
virulent compared to the strain passaged 99 times (P99), thus highlighting a possible SV-based
genotype/phenotype association, in which ORF150 would play an important role of CyHV-3.
We extended these investigations using long-read sequencing to uncover SVs in the genome
of CyHV-3. In addition to the dominant 1,363-bp deletion (nearly 99.67% of the reads), a
1,363-bp inversion was detected in P78 at the same position, representing the remaIndiar of
the reads. Unexpectedly, a total loss of both deleted and inverted haplotypes was observed
after 20 additional passages, as a complete recovery of the original haplotype was observed
in P99. Our findings indicate that CyHV-3 is able to evolve very rapidly during infectious cycles
in cell culture and SVs represent an essential component in the population dynamics of this
virus. Whether this also occurs in carp populations needs to be investigated.
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Amandine Gamble - University of California Los Angeles - US
Modelling the relationship between pathogen dose and symptomatology:
illustration with SARS-CoV-2 in humanized mice
Amandine Gamble, David W. Buchholz, I. Abrrey Monreal, Mathias Martins, Dylan H. Morris,
Benny Borremans, Mason Jager, Brian Imbiakha, Julie Sahler, Nicole L. Kushner, Avery August,
Hector C. Aguilar, James O. Lloyd-Smith
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Disease development after exposure to a pathogen does not follow a binary process, but
rather represents a spectrum of disease manifestations influenced by host, pathogen and
environmental factors. Characterizing the relationships between symptomatology and these
factors is critical to our understanding of host-parasite interactions, but also to interpret
epidemiological data and identify efficient mitigation measures. In particular, exposure dose
can impact incubation time, shedding intensity and disease severity. However, classical doseresponse models only consider the probability of disease development as a binary outcome,
neglecting the diversity of disease manifestations. In contrast, more complex within-host
models are generally parameterized with invasive data, limiting their potential applications.
There is thus a need for dose-response models that link knowledge of underlying mechanisms
to the timing and intensity of symptom development.
We combined experimental data and mathematical modelling to characterize the
relationship between exposure dose and disease development in humanized mice exposed
to SARS-CoV-2. We show that higher exposure doses are associated with higher probabilities
of illness and shorter incubation times, and that this association can be predicted by a
mechanistic model parameterized with non-invasive data. These findings give clear insights
about the median effective dose in this system (a standard outcome of such studies), but
also shed light on the mechanisms of infection initiation and the relationship between viral
load and symptomatology in a classical laboratory model. This novel model also illustrates
how experimental data can benefit from a better integration with theoretical approaches
and provides a platform for future experiments aiming to compare infectivity across virus
lineages or assess the effect of vaccines and antivirals. As incubation time is an important
driver of epidemiological dynamics, such work has meaningful implications regarding our
understanding of the epidemiology of SARS-CoV-2 and other viruses.

ABSTRACT
Jordan Gass - University of Nevada, Reno - US
AMPing up defenses: investigating the innate immune system of the
Panamanian golden frog
Jordan Gass, Jamie Voyles

University of Nevada, Reno

Emerging infectious diseases are responsible for severe amphibian declines globally. The
fungus Batrachochytrium dendrobatidis (‘Bd’) is a generalist pathogen that causes the
disease chytridiomycosis and has led to the decline of over 500 amphibian species. One
species that is highly susceptible to Bd is Atelopus varius, the Panamanian golden frog. While
small wild populations of golden frogs still exist in Panama, this species exhibited dramatic
declines and as a result, founding individuals were moved into captive breeding programs at
the time of disease emergence in Panama. Thus, understanding the immune system of the
golden frog is a conservation priority. An important aspect of amphibian innate immunity is
the production of skin secretions, which contain antimicrobial peptides (AMPs), that can
inhibit Bd growth in many amphibian species. Previous research has also suggested that skin
secretions may help explain how some frog populations are persisting in Bd endemic areas of
Panama. However, the importance of skin secretions in protecting against Bd infection in A.
varius is unclear. To determine the role of skin secretions in Bd infection, we experimentally
manipulated skin secretion levels in captive bred A. varius frogs. We used dose-response
treatments with norepinephrine to deplete skin secretions and then measured disease
progression across groups. Frogs given a high dose (40 nmol) or a low dose (10 nmol) of
norepinephrine did not differ in survival rates compared to saline injected control frogs upon
Bd infection. Similarly, there were no differences in the change in body condition among the
groups that had reduced skin secretions. These results suggest that the skin secretions of
captive-bred A. varius do not limit disease burden or increase survival rate during Bd
infection. Further conservation strategies for A. varius hinge on understanding its complex
immune response to this pathogen.
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Epi(genetic) determinants of resistance in the Pacific oyster Crassostrea gigas:
A case study in natural population
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The Pacific oyster, Crassostrea gigas, is the most important oyster species exploited in the
world. Since 2008, massive mortality events of juvenile oysters (Pacific Oyster Mortality
Syndrome; POMS) initiated by OsHV-1 µVar virus have threatened the oyster aquaculture
industry. Resistance of C. gigas to POMS is associated with early transcriptomic response to
the viral infection. There is a significant additive genetic component, but evidence about the
involvement of the microbiota and epigenetic mechanisms were also shown. Here we
propose to simultaneously study the potential role of genetics and epigenetics in the shaping
of resistance or susceptible phenotypes in natural populations. We sampled 248 oysters from
farming (exposed to POMS) and non-farming (unexposed to POMS) areas, then we defined
the phenotype “resistant/tolerant” or “susceptible” using a “randomized complete block
design” experiment. Exome capture by the “SeqCap Epi enrichment system” and illumina
sequencing were used to identify genetic (Single nucleotide polymorphisms “SNPs”) and
epigenetic (DNA methylation) polymorphisms. We performed GWAS and EWAS
(Genome/Epigenome-wide association studies) on 56,474 SNPs and 596,065 CpG sites,
respectively. Only one significant SNP was associated to resistance/susceptibility. It is located
in the UBA2 gene, a gene involved in the antiviral pathway JAK/STAT. At the epigenetic level,
a total of 251 CpG sites were identified as significantly differentially methylated between the
resistant and the susceptible oysters. In total, 41 of these CpGs were located in genes
involved in oyster’s innate immune response pathways such as TLR/NF-kB, JAK/STAT,
Apoptosis, Autophagy, RIG-like receptors and STING dependent pathways. Our results show
that both genetic and epigenetic mechanisms are likely to contribute to heritable variation in
oyster resistance/susceptibility.
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A comparison of high-dose and regular-dose seasonal influenza vaccines
toward eliciting homologous and heterologous immunity
Yang Ge, Andreas Handel, Amanda Skarlupta, Paul Thomas, Ye Shen, Justin Bahl, Ted Ross
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Background: Antigen dose is an important component of any vaccine. For influenza, both a
standard-dose (SD) and high-dose (HD) version of the Fluzone vaccine are in use. The HD
vaccine is approved in the US in individuals >=65 years of age. While there is solid evidence
that the HD vaccine induces a stronger immune response against the influenza strains present
in the vaccine, there is little information regarding its impact on induction of heterologous
immunity.
Methods: We used a Bayesian, multilevel modeling framework to explore the impact of dose
on immune protection as quantified by hemagglutination inhibition titer (HAI) following
vaccination of a cohort of individuals with either SD or HD influenza vaccine. We investigated
the impact of dose on HAI titer increase, seroconversion and seroprotection for homologous
and heterologous immunity. We performed analyses for individual vaccine strain components
and the overall per-vaccine impact each season.
Results: Our strain-specific analysis showed that the HD vaccine led to improved homologous
immunity compared to SD. This was most notable for the H1N1 vaccine components, less so
for the H3N2 and B components. The benefit of increased dose was also seen for
heterologous responses, with exceptions for a few vaccine strains. On a per-vaccine analysis,
increased dose was beneficial for both homologous and heterologous responses.
Conclusions: Overall, HD influenza vaccine induced higher HAI responses compared to SD
vaccine. This was true for both homologous and heterologous responses. Extending HD
vaccines to the general population might be worth considering, as well as attempts to further
optimize the dose.
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Transmission of one predicts another: Apathogenic proxies for transmission
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Identifying drivers of transmission prior to an epidemic—especially of an emerging
pathogen—is a formidable challenge for proactive disease management efforts. To
overcome this gap, we tested a novel approach in the Florida panther, hypothesizing that
apathogenic feline immunodeficiency virus (FIV) transmission could predict transmission
dynamics for pathogenic feline leukemia virus (FeLV). We derived a transmission network
using FIV whole genome sequences, and used exponential random graph models to
determine drivers structuring this network. We used the identified drivers to predict
transmission pathways among panthers; simulated FeLV transmission using these pathways
and three alternate modeling approaches; and compared predictions against empirical
data collected during a historical FeLV outbreak in panthers. FIV transmission was primarily
driven by panther age class and distances between panther home range centroids.
Prospective FIV-based modeling predicted FeLV dynamics at least as well as simpler, often
retrospective approaches, with evidence that FIV-based predictions captured the spatial
structuring of the observed FeLV outbreak. Our finding that an apathogenic agent can
predict transmission of an analogously transmitted pathogen is an innovative approach that
warrants testing in other host-pathogen systems to determine generalizability. Use of such
apathogenic agents holds promise for improving predictions of pathogen transmission in
novel host populations, and can thereby revolutionize proactive pathogen management in
human and animal systems.
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Uncertainty and realism in a national cattle foot-and-mouth disease model
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Foot-and-Mouth disease (FMD) is a fast-moving virus with the potential to cost the domestic
cattle industry billions of dollars. The last FMD outbreak in the U.S. occurred in the early 1900s,
so we use simulated outbreaks to evaluate control measures and factors affecting disease
spread. The United States Disease Outbreak Simulation (USDOS), which was developed in
collaboration between the Colorado State, Linköping and Warwick Universities, and the U.S.
Department of Agriculture, with support of from the U.S. Department of Homeland Security,
simulates local and long distance FMD spread in cattle nationwide. We used USDOS to
address two questions: (1) how does allowing cattle on individual farms to become infectious
over time, rather than the whole herd becoming infectious at once, affect outbreak metrics?
and (2) what characteristics are important in determining outbreak metrics? To answer the
first question, we compared outbreak simulation results with and without increased withinherd spread realism. To answer the second, we ran a sensitivity analysis modeling five
different outbreak metrics incorporating farm, county, and national level covariates.
Increasing the realism of within-herd disease spread increased the duration of the simulated
outbreaks, but did not change their geographic pattern. Allowing herds to become
infectious over time increases the length of time an individual farm is infectious, allowing more
time for FMD to spread to other susceptible farms. This effect on individual farms scales up
and increases outbreak duration as a whole. Our sensitivity analysis showed that outbreak
metrics are primarily influenced by demographic characteristics such as farm size, countylevel farm density, and clustering. Overall, we found that our FMD disease simulation
outcomes were driven by local characteristics, and while adding disease-spread realism
affected outbreak duration, it will be more relevant to some research questions than others
and should be balanced with its increased computational requirements.
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Ecological levers of Visceral Leishmaniasis: Synthesis of current data and
forward prediction of risk
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Visceral leishmaniasis (VL) is a deadly protozoan disease targeted for elimination by 2030 by
global health and development organizations. Despite this goal, in Brazil, a hotspot for VL,
burden and case numbers have remained stable since the early 2000s. However, what’s
more concerning is the continued spread of the geographic distribution of VL within Brazil
and surrounding countries. VL is primarily maintained in human environments by domestic
and feral dogs and transmitted from dogs to humans by the Lutzomyia longipalpis sandfly.
Based upon localized observations of vector dynamics, climate change is hypothesized to
increase geographic distribution of L. longipalpis. However, there is limited knowledge of how
factors such as climate and land-use interact to dictate spillover of VL and there are no
forward prejections of risk under multiple dimensions of global change. In this study, we used
a combination of machine learning and mechanistic models to levers of month-municipality
spillover events from 2001-2019, incorporating environmentally based information on sandfly
abundance, survival, and competence as well as dog prevalence and human exposure.
After accounting for spatial autocorrelation, we found that land-use (urbanization) and landtype (savannah) were most important in predicting VL risk, with explicit climate variables
playing a smaller role in governing VL spillover risk. As western Brazil becomes increasingly
urbanized and climate change converts the Amazon rainforest to a savannah ecosystem, we
expect the greatest increase in VL spillover risk to be in the Amazon region of Brazil, where VL
is currently only sporadically detected in a handful of municipalities. Without increased
investment of VL management, eradication goals may become increasingly challenging.
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Elucidating Mechanisms of Mumps resurgence using transmission models
Deven Gokhale, Tobias Brett, Pejman Rohani
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1Mumps is a childhood viral infection, caused by a collection of genotypic strains belonging
to the family paramyxoviridae. Despite high estimated coverage with the Jeryl-Lynn vaccine
since 1968, the US has witnessed a re-emergence of mumps in the 21stCentury. A critical
feature of these recent outbreaks, the causes of which remain contested, is an unusually high
proportion of mumps cases among university students and older adults, many of whom have
received the complete dose of MMR vaccination. Two principle hypotheses have been
proposed to explain contemporary mumps epidemiology: (1) waning of vaccine-derived
immunity, and (2) a mismatch between the dominant circulating strain (genotype G) and the
virus used in vaccine production (genotype A) leading to “leakiness” in vaccinal immunity. To
arbitrate among these competing explanations, we formulated age-stratified mechanistic
transmission models and used likelihood-based inference to confront them with longitudinal
incidence records. We discuss our findings in the context of efficient public health policy
strategies for once again bringing mumps transmission under control.
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Estimating torpor bout duration of free-ranging big brown bats (Eptesicus
fuscus)
Benjamin Golas, Paul Cryan, Kevin Castle, Tanya Dewey, Richard Clark, Ted Weller, Colleen
Webb
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Infection with the fungus Pseudogymnoascus destructans has led to the death of millions of
hibernating bats across North America over the past fifteen years. Mortality from white-nose
syndrome, the disease resulting from this infection, has been shown to be at least partially
attributable to increased arousal frequency resulting in energy loss and starvation during
hibernation. Multiple models of bat energetics and evaporative water loss have been
developed to explain mortality from this disease, but translating complex models
parameterized using literature and measurements under laboratory conditions to
observations in natural systems can prove difficult. To bridge this gap, we attempt to fit these
ecophysiological models to a series of torpor bout durations measured via data loggers
attached to free-ranging big brown bats (Eptesicus fuscus). We use a combination of
sensitivity analysis to guide parameter estimation and ensemble modeling to identify
conditions under which different physiological and ecological processes may apply. The
intended result is an improved ecophysiology-based estimation of behavior for a specific
colony of bats that can be used to better predict mortality when faced with white-nose
syndrome.
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Assessing multi-scale drivers of tick-borne disease spillover into urban
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The incidence and geographic distribution of tick-borne diseases (TBDs) has increased
dramatically in the United States in recent decades. However, elucidating the drivers of
emergence has been challenged by the complex interactions between host, tick and
pathogen ecology that determine transmission, and their idiosyncratic responses to
environmental conditions. Particularly, TBD spread into urban landscapes has been
overlooked. Most studies of TBD risk have focused on rural areas, despite growing evidence
that ticks and wildlife hosts can persist in urban landscapes. Urban green spaces may
facilitate TBD invasion and increase human exposure when they facilitate tick-carrying hosts
to move through areas of high human density and activity. We investigated the risk of tick
spillover into residential yards from neighboring greenspaces by conducting tick and
environmental surveys over three years on Staten Island, NYC. We fit a Bayesian logistic model
to assess the impact of yard and landscape-level features on yard occupancy by three tick
species of public health concern (Blacklegged, Lone star and Asian Longhorned ticks).
Landscape characteristics were assessed at increasing distances from the yards (50, 100, 200
and 500 meters) using a high-resolution land cover dataset. Tick species showed habitat
niche partitioning at multiple spatial scales and fluctuating population sizes across years
indicating complex, multi-scale drivers of urban transmission risk. Because these tick species
vary in their host specificity, we propose understanding the role of hosts in connecting tick
populations in green spaces (sources) with those in backyards (sinks) have important
implications for the control of TBDs at the urban frontier.
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Longitudinal deep sequencing of vampire bat betaherpesvirus reveals a
promising candidate vector for transmissible rabies vaccines
MEGAN GRIFFITHS, LAURA BERGNER, ALICE BROOS, DIANA MEZA, ANA DA SILVA FILIPE,
ANDREW DAVISON, DAN HAYDON, AND DANIEL G STREICKER
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Biodiversity, Animal Health and Comparative Medicine, University of Glasgow, United
Kingdom

Vampire bat (Desmodus rotundus) transmitted rabies causes significant health and economic
burdens across Latin America despite decades of efforts to control the disease by the culling
of bats and vaccination of humans and domestic animals. Reservoir-targeted transmissible
vaccines that autonomously spread through host populations would open prospects to
eliminate zoonotic pathogens from inaccessible wildlife reservoirs. Such transmissible vaccines
can be laboratory-generated by engineering natural virus “vectors” to stimulate immune
responses against pathogens. However, numerous pitfalls undermine the real-world suitability
of vectors, including safety requirements such as low pathogenicity and host specificity. They
must also be capable of invading and spreading to high prevalence in populations that may
already sustain a competing wild-type version of the viral vector. Here, by carrying out field
and genomic studies, we show that a newly discovered betaherpesvirus of vampire bats
(DrBHV) is an ideal candidate for further study as a viral vector of transmissible rabies
vaccines.
Across 22 sites in Peru, betaherpesvirus was detected in 97% of vampire bats, with sequencing
and phylogenetic reconstruction showing high host specificity within the Phyllostomidae
family of neotropical bats, limiting risks to non-target species. Deep sequencing of DrBHV
glycoprotein B, revealed the circulation of 11 distinct strains of DrBHV, with strain and
geographic area specific prevalences ranging from 10-100%. A negative correlation
between strain nucleotide diversity, as a proxy for age, and prevalence, suggests a history of
recurrent strain emergence and replacement. Multiple strains were detected in 79% of bats,
with up to 5 strains observed concurrently in a single bat, and longitudinal data showed
evidence of strain gain, strain loss, and persistent infection (up to 4 years) with periods of
latency and reactivation. These results suggest DrBHV as a promising candidate for a lifelong,
self-boosting, host-specific transmissible vaccine which could eventually transform the
management of vampire bat rabies.

ABSTRACT
Christoph Grunau - IHPE - France
Epigenetic engineering of Schistosoma vector snails
Nelia Luviano, Margaret A. Goodell, David Duval, Geneviève Tavernier, Caroline Nevoit,
Céline Cosseau, Christoph Grunau

IHPE

DNA methylation is an important epigenetic information carrier in eukaryotes that plays a
major role in the control of chromatin structure. Epigenome editing tools have been
instrumental to demonstrate functional importance of this mark for gene expression in
vertebrates. In invertebrates, such tools are missing. Here we demonstrate that epigenetic
engineering can be used to modify in vivo the CpG methylation level of a target gene in the
freshwater snail Biomphalaria glabrata, vector of the human pathogen Schistosoma mansoni.
We used a dCas9-SunTag-DNMT3A complex and synthetic sgRNA to transfect B. glabrata
embryos and observed an increase of CpG methylation at the target site in 40% of the
hatching snails.

ABSTRACT
Rita Grunberg - UNC - US
Symbiont infection history alters the trajectory of parasite community
assembly
Rita Grunberg, Brooklynn Joyner, Charles E. Mitchell
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Within hosts, coinfecting parasites may interact to alter each other’s abundances, and the
outcomes of these interactions may depend on the order in which they infect their host. Still, it
remains less clear whether an initial exposure to parasites and other symbionts can have
long-lasting effects on parasite community assembly. Here, we tested whether prior exposure
to three fungal symbionts altered the trajectory of parasite community assembly within their
grass host, tall fescue. We inoculated individual hosts with two species of foliar fungal
parasites, Colletotrichum cereale and Rhizoctonia solani, and a mutualist endophyte,
Epichloë coenophiala, in a full factorial design, and then tracked parasite infections
longitudinally in the field for six weeks. We mapped each host’s parasite community across
time in multivariate space and evaluated whether initial symbiont inoculation resulted in
divergent parasite community trajectories. Hosts that received a mock inoculation of all three
symbionts and were thus not initially exposed to either the parasites or mutualist, exhibited
divergent parasite community trajectories relative to symbiont-inoculated plants. The parasite
communities among inoculation treatments never converged. There was also an interactive
effect of Epichloë and Rhizoctonia inoculation on the cumulative temporal variation in
parasite community structure, where plants inoculated with Rhizoctonia varied more in
parasite composition over time but only in the Epichloë free plants. Although we did detect
significant differences in parasite communities between inoculation treatments, parasite
community trajectories varied considerably within inoculation treatment groups and the
observed increase in among host variation in parasite community composition over time is
indicative of ecological drift. Overall, these data provide evidence of persistent changes in
parasite community structured based on a single inoculation event and highlight the
importance of symbiont infection history for parasite communities under natural field
conditions.
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Coevolution and competition drive the diversification of CRISPR immunity
Martin Guillemet, Hélène Chabas, Antoine Nicot, François Gatchich, Enrique Ortega-Abboud,
Cornelia Buus, Lotte Hindhede, Geneviève Rousseau, Thomas Bataillon, Sylvain Moineau,
Sylvain Gandon

CEFE UMR 5175, CNRS - Université de Montpellier

Host resistance diversity reduces the emergence and the evolution of pathogens. But it is
unclear what drives the dynamics of this diversity. Here we study a coevolving phage
population on the diversification of bacterial/host CRISPR immunity across space and time.
We find that the negative-frequency-dependent selection generated by coevolution is a
powerful force that maintains host resistance diversity and selects for new resistance
mutations. But we also find that host evolution is driven by asymmetries in competitive abilities
among different host genotypes. The fittest host genotypes are targeted by the evolving
phage but they are also the ones that acquire faster new CRISPR resistances. Our study
reveals the interplay between intraspecific and interspecific interactions on the evolutionary
dynamics of host resistance diversity. The recognition of the joint impact of competition and
coevolution on host resistance diversification challenges coevolutionary theory and has longterm implications on the evolution of interacting species.

ABSTRACT
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Inferring the transmission dynamics of highly pathogenic avian influenza H5N8
virus from genetic data
Claire Guinat1,2, Cecilia Valenzuela Agui1,2, Jeremie Scire1,2, Tim Vaughan1,2, Anne
Pohlmann3, Christoph Staubach3, Edyta Swieton4, Mariette Ducatez5, Tanja Stadler1,2
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Since the beginning of the 21st century, the highly pathogenic avian influenza (HPAI) H5N8
virus (clade 2.3.4.4b) represents one of the most serious threats to animal health and livestock
economic sustainability. The role of poultry and wild birds in the spread of H5N8 virus remains
poorly understood, and while epidemiological and phylogenetic studies have been
employed extensively during the epidemic, the genetic data has not yet been used to its full
potential.
In this study, we inferred the transmission dynamics of H5N8 virus in poultry and wild birds
during the 2016-2017 epidemic using phylodynamic methods. We used existing H5N8 genome
sequences of HA segment from four severely affected European countries (n=320). A multitype birth-death (MTBD) model was fitted to the sequence alignments to estimate the
effective reproduction number (Re which corresponds to the average number of secondary
cases generated by an infectious case in a partially immune population).
During the first period, the MTBD model revealed that Re was the highest in poultry farms in
Hungary (1.4 [95%HPD:0.8,2.1]), followed by wild birds (1.2 [95%HPD:0.8,.6]), poultry farms in
Germany (1.0 [95%HPD:0.6,1.4]), poultry farms in Poland (1.0 [95%HPD:0.1,2.4]) and poultry
farms in Czech Republic (0.9 [95%HPD:0.1,2.4]), with a decreasing trend during the next
periods. Overall, the Re between poultry farms was greater than between poultry farms and
wild birds, suggesting that following the initial introduction via infected migratory wild birds
from Northern Eurasia, the transmission dynamics were sufficient in wild birds and poultry to
maintain transmission in both systems with limited spill over events.
This work illustrates the benefits of using phylodynamic models for providing robust and
accurate estimates of key disease transmission parameters based on the integration of
genetic and epidemiological data. The findings also provide support to the current plans to
minimize the impact of H5N8 virus outbreaks in Europe.
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Longitudinal qPCR-based pertussis surveillance reveals widespread
asymptomatic infection
Christian E Gunning, CJ Gill, WB MacLeod, RC Pieciak, Pej Rohani
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Recent outbreaks of Ebola virus and SARS-CoV-2 highlight the critical role that asymptomatic
and minimally symptomatic infections can play in the ecology, epidemiology, and ultimate
control of human pathogens. Pertussis provides an important case study, where
asymptomatic infections are commonly observed, particularly in adults, and are
hypothesized drivers of pertussis resurgences observed in numerous countries. However,
quantifying the frequency of asymptomatic or unapparent pertussis remains challenging, as
widely-used cross-sectional surveillance studies typically discard information regarding
infection intensity and cannot readily distinguish between pre-symptomatic and
asymptomatic infections.
Here we present a longitudinal analysis of 17,442 nasopharyngeal (NP) samples collected
from a cohort of 1,320 mother/infant pairs in Lusaka, Zambia in 2015-2016. We use IS481 qPCR
cycle threshold (CT) values to identify correlations between low- and high-intensity qPCR
signals over time, indicating a widespread pertussis outbreak in June-July 2015. We
demonstrate non-random transitions between qPCR signal intensity within individuals over
time consistent with pertussis infection. Finally, we summarize the evidence for pertussis
infection (EFI) in each subject, and show that EFI clusters strongly within mother/infant pairs,
and is associated with clinical symptomatology.
Longitudinal qPCR surveillance in this population revealed widespread asymptomatic and
minimally symptomatic pertussis in both mothers and infants, despite a marked scarcity of
classic pertussis. Our results demonstrate the value of incorporating qPCR signal intensity into
infectious disease surveillance, particularly in the presence of unapparent infections, and
suggest possible early warning signals for disease outbreaks.
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Mixed synthetic communities "bacteria - fungi" for seed protection against the
pathogenic fungus Alternaria brassicicola
Natalia GUSCHINSKAYA, Muriel MARCHI, Marie SIMONIN, Claire CAMPION, Matthieu BARRET,
Philippe SIMONEAU
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The seed microbiome constitutes the primitive microbial inoculum at the starting point of the
assembly of the adult plant microbiome. The composition and diversity of this primitive
inoculum could have a crucial role in plant fitness and protection against plant pathogens.
We aim to develop an alternative disease control strategy against the seed-borne fungal
pathogen Alternaria brassicicola. This strategy is based on the use of Synthetic Communities
(SynComs) consisting of bacterial and fungal isolates that will be applied as bio priming seed
treatment in order to limit plant infection by A. brassicicola.
In order to find the good candidates to build our SynСoms, we will focus on 15 bacterial and
31 fungal taxa recently identified as «core microbiota» of radish seeds. We will select typical
isolates among our collection (500 bacterial and 150 fungal strain isolated from radish seed
Raphanus sativus var. Flamboyant 5). To date, molecular typing of our fungal strain collection
(ITS1) reveals that nine taxa were successfully isolated. To increase this diversity, we will reisolate fungal strains using an alternative dilution-to-extinction culturing method.
The isolates will be tested for their antibiosis and fungistasis capacity against A. brassicicola.
Their metabolic and growth profiles will be analyzed. All these data will be used to select the
most promoting isolates. We will reconstruct mixed bacteria-fungi SynComs and assess their
influence on the transmission of A. brassicicola from radish seed to seedling. The metabarcoding analysis (gyrB for bacteria, ITS1 for fungi) will reveal the dynamics of each bacterial
and fungal isolate present in the SynComs and identify which taxa have negative interactions
with A. brassicicola within a microbiota. Finally, these identified SynComs will helped us to
study the mechanisms of microbiota assembly during its transmission from seed to seedling
and to develop microbiota management approaches to limit the transmission of pathogens.
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User-friendly software to learn infectious disease modeling on the population
and individual host levels
Andreas Handel

University of Georgia

Simulation models are increasingly important to study infectious diseases both on the
population and individual host level. Using simulation models often requires good coding skills,
which many students do not start out with. To introduce students to infectious disease
modeling without the barrier posed by coding, we developed software, namely the R
packages DSAIDE and DSAIRM. These R packages allow users to engage with infectious
disease topics and models through a graphical interface, without the need to write code.
Each model contains a full explanation and a list of tasks that the user is asked to work
through. By working through the tasks, individuals will learn specific topics in infectious disease
modeling, e.g., the concept of the reproductive number or the impact of drugs on withinhost infection dynamics. The software also allows interested users to gently move toward
writing code, with increasing amount of coding allowing for increasing functionality and
flexibility. For teachers, there are solutions to the exercise tasks. More information about the R
packages can be found at: https://ahgroup.github.io/DSAIDE/ and
https://ahgroup.github.io/DSAIRM/
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An Inductive Reasoning Agent-Based Model of Social Distancing Behavior,
Risk Perceptions, and COVID-19 Transmission
Sarah A. Nowak; John P. Hanley
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The COVID-19 pandemic has laid bare the relationship between the impact of imperfect
information on an individual’s behavioral adaptation and the resulting, sometimes counterintuitive system dynamics of its transmission. Therefore, understanding the dynamics of how
human behavior could impact the transmission of infectious diseases is critical to developing
strategies to control their spread. Throughout the COVID-19 pandemic peoples’ risk tolerance
for venturing outside their households into enclosed public spaces (e.g., restaurants, stores)
has varied due to their perception of risk of becoming infected with COVID-19 and fatigue
that results in a yearning to return to pre-pandemic societal norms. Risk of becoming infected
with COVID-19 is driven by the number of people an individual comes into close contact with
as well as the total amount of time they spend with people outside their household.
Therefore, in this work we have developed an agent-based model (ABM) that utilizes
inductive reasoning to model agents’ perceived risk of visiting an enclosed public space. As
an individual agent’s perceived risk of becoming infected with COVID-19 increases, that
agent’s comfort of visiting densely populated enclosed spaces decreases. Depending on the
model’s behavioral parameters, the disease may quickly die out, spread uncontrolled until
herd immunity is reached, or oscillate between low to high transmission levels resulting in
multiple peaks in the infection prevalence. When agents’ behavioral adaptation is based on
imperfect information, system dynamics may be counter-intuitive; for example agents’
comfort and frequency of interacting with others may increase even as R0 > 1 and infections
rise. Such dynamics hIndiar the ability to control the COVID-19 pandemic and future
pandemics.
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Polarization and Segregation: Diverging Awareness and Attitude in a
Coupled-Contagion Model of Disease and Behavior
Mallory Harris and Erin Mordecai
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During the COVID-19 pandemic, efforts to reduce transmission have been strongly
dependent on the adoption of individual protective behaviors, including physical distancing,
mask wearing, and vaccination. While policies like restrictions on gathering sizes, mask
mandates, and vaccine requirements for entry to certain facilities may promote adoption of
protective behaviors, compliance is dependent on underlying attitudes. Awareness of
disease risk and a sentiment transmission process may shape attitude toward the virus. Both
factors may diverge sharply based on group identity, especially if groups are highly
homophilous (i.e., in-group interactions are more frequent than out-group interactions).
We describe intergroup divisions using a coupled-contagion model for transmission of an
infectious disease and attitude toward protective behaviors. The population is split into two
homophilous groups with respect to disease transmission. Attitude toward protective
behaviors that reduce disease transmission are partially determined by awareness of recent
deaths from the pathogen with varied awareness of in-group and out-group disease burden.
To model polarization in attitude, we additionally split the population into two homophilous
groups with respect to a sentiment transmission process (for a total of four subgroups), where
adoption of protective attitudes depends on the prevalence of an attitude within one’s own
group and aversion to attitudes observed in the opposite group.
We have developed an interactive web app to explore the dynamics of this model. By
conducting a survey on attitude toward and awareness of COVID-19 based on group
identities and fitting this model to observed COVID-19 cases and deaths, I will quantify the
impact of polarization and social segmentation on overall disease burden.
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Viral loads observed under competing strain dynamics: disentangling virology
from epidemiology
James A Hay, Michael J Mina
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Emerging SARS-CoV-2 variants (VOCs) with increased transmissibility and/or immune escape
have led to projected and realized concerns over subsequent waves of infection during the
COVID-19 pandemic. A plausible mechanism behind increased transmissibility results from
more severe viral kinetics, wherein VOC-infections cause higher, more persistent viral loads in
infected hosts. Support for this hypothesis comes in part from routine PCR testing data, where
lower Ct values (higher viral loads) have been reported for VOC-confirmed samples relative
to non-VOC samples. However, it has recently been shown that the distribution of viral loads
in the population changes as a function of the epidemic growth rate; lower Ct values may
therefore simply reflect the increasing incidence of the VOC lineage. To understand if
changing viral loads observed under routine surveillance reflect viral kinetics or population
dynamics, we used a mathematical model describing competing strain dynamics, and
simulated viral loads in infected individuals observed under different surveillance data
collection approaches. We found that the mean and skewness of viral loads observed in the
simulated population tracked the growth rate of circulating strains, with strong effects under
random cross-sectional surveillance and weak effects under symptom-based testing. Even
when the strains were assumed to have identical viral kinetics, observed viral loads at the
population level were substantially different when stratified by strain, reflecting differences in
underlying growth rates. When analyzing virologic surveillance data, controlling for epidemic
dynamics by accounting for time since symptom onset or the effective reproductive number
at the time of sampling helps to disentangle epidemiological from underlying virologic
effects. Epidemic dynamics should therefore be accounted for when investigating strainspecific viral kinetics using virologic surveillance data, and should be corroborated with
longitudinal studies and alternative lines of evidence.
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Predicting successful strains for the seasonal influenza vaccine using
topological properties of the influenza tree and machine learning tools
Maryam Hayati, Jessica Stockdale, Caroline Colijn
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The seasonal influenza (flu) vaccine is designed to protect against those influenza viruses
predicted to circulate during the upcoming flu season. However, influenza viruses undergo
genetic changes over time; due to rapid mutations, in particular in the hemagglutinin and
neuraminidase genes, seasonal influenza vaccines must be reviewed and updated annually.
The annual composition of the flu vaccine is determined by the viruses predicted to circulate
in the coming season, the spreading patterns of those viruses, and, to some extent, the
immune responses produced against those viruses included in the previous season’s vaccine.
In this paper we use phylogenetic trees reconstructed from hemagglutinin (HA) and
neuraminidase (NA) sequences from human influenza viruses, together with counts of epitope
site polymorphisms in hemagglutinin, to predict which influenza virus strains are likely to persist
in the next flu season. For each tip (influenza virus) in these trees, we define a set of features
using the structural properties of both HA and NA subtrees (small groups of taxa). Using a
support vector machine (SVM), we classify the tips of the trees reconstructed from influenza
strains (using human strains from 1980 up to years 2016, 2017, 2018, 2019 and 2020) into
successful and unsuccessful groups with accuracies of 0.75-0.89 and a classifier `area under
the curve' (AUC) of 0.83-0.91. Among the set of successful strains in each year, we propose
several for inclusion in the next flu vaccine by comparing measures of epitope distance to
previous years' strains. Our suite of phylogenetic features followed by our optimal distance
measure are able to identify very similar strains for vaccine inclusion to those proposed by the
World Health Organization, without requiring use of antigenic characterization.
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An antigenic diversification threshold for falciparum malaria transmission at
high endemicity
Qixin He, Mercedes Pascual
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In malaria and several other important infectious diseases, high prevalence occurs
concomitantly with incomplete immunity. This apparent paradox poses major challenges to
malaria elimination in highly endemic regions, where asymptomatic \textit{Plasmodium
falciparum} infections are present across all age classes creating a large reservoir that
maintains transmission. This reservoir is in turn enabled by extreme antigenic diversity of the
parasite and turnover of new variants. We present here the concept of a threshold in local
pathogen diversification that defines a sharp transition in transmission intensity below which
new antigen-encoding genes generated by either recombination or migration cannot
establish. Transmission still occurs below this threshold, but diversity of these genes can neither
accumulate nor recover from interventions that further reduce it. An analytical expectation
for this threshold is derived and compared to numerical results from a stochastic individualbased model of malaria transmission that incorporates the major antigen-encoding
multigene family known as \textit{var}. This threshold corresponds to an "innovation" number
we call $R_{div}$; it is different from, and complementary to, the one defined by the classic
basic reproductive number of infectious diseases, $R_{0}$, which does not readily apply
under large and dynamic strain diversity. This new threshold concept can be exploited for
effective malaria control and applied more broadly to other pathogens with large multilocus
antigenic diversity.
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Host thermal limits in the face of infectious disease: how important are
pathogens?
Tobias E Hector, Carla M Sgrò, & Matthew D Hall
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Global change is predicted to increase the frequency and severity of both extreme thermal
events and disease outbreaks. Consequently, disease outcomes for a host may be
increasingly dependent on the interaction between thermal stress and pathogen exposure.
Missing from the intersection between studies of infectious disease and thermal ecology,
however, is the capacity for pathogen exposure to directly disrupt a host’s ability to cope
with thermal stress. Here, we present results exploring the impact of infection on host
performance under thermal stress in several host-bacterial pathogen systems. We show that
infection is an important determinant of host thermal performance. Indiaed, infection can
reduce host thermal limits to a degree that equals the variation in thermal limits we see within
widely distributed species, and equals the effects of other ecologically relevant stressors. We
then show how alteration of host thermal limits can vary across host and pathogen
genotypes, host-pathogen systems, previous thermal experience, and locally adapted
populations. We finally pose remaining questions and future directions key in further
understanding the consequences of pathogen-mediated changes in host thermal
performance.
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What drives the variation in abundance of the two principle flea vectors of
Plague in Madagascar?
Lucy Henshall, Dr. Soanandrasana Rahelinirina, Dr. Minoarisoa Rajerison, Dr. Sandra Telfer
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Plague, caused by the pathogenic bacterium Yersinia pestis, is endemic in Madagascar with
several hundred human cases typically reported per year. The principal reservoir host for
plague is Rattus rattus, with two flea vectors involved in transmission. These are: Xenopsylla
cheopis, an invasive flea found throughout the island, and Synopsyllus fonquerniei, an
endemic flea only present in the Central Highlands , where plague transmission mainly
occurs. Understanding of the factors driving variation in the abundance of these two flea
species is crucial for informing effective disease control strategies.
Using data from c. 100 sites across Madagascar, we used generalised linear mixed effects
models to explore spatial (local habitat, bioclimatic region) and temporal (seasonal)
variation in flea abundance. Consistent with previous research, X. cheopis was predominately
collected inside dwellings, whilst S. fonquerniei was found almost exclusively in outdoor sites,
with highest abundances in forest habitats.
The two vector species showed contrasting spatial and temporal patterns in abundance,
with the endemic flea expressing particularly strong seasonal variation, likely due to its
outdoor distribution.
In terms of temporal patterns, S. fonquerniei demonstrated strong seasonal variation with its
abundance peaking after the cool, dry winter. S. fonquerniei abundance was also higher in
bioclimatic regions which have a distinct dry season, as well as regions with lower average
summer temperatures. This further suggests an association between climate and abundance.
X. cheopis showed less pronounced seasonal variation across the country, however a small
amount of bioclimate-driven variation is observed .
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Network structure and disease risk for an endemic infectious disease
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A goal of sentinel surveillance is to identify and monitor locations that may enable early
detection of outbreaks to permit rapid and targeted interventions. The selection of sentinel
locations relies on either a priori assessment of outbreak risk or the prior distribution of
outbreaks. Here we combine detailed records of livestock shipments and the occurrence of
foot and mouth disease (FMD) outbreaks to stratify locations in risk categories. We use
detailed records of 14,261,447 livestock shipments in Turkey from 2007 to 2012 to characterize
the pattern of livestock movements as a weighted-directed network, where nodes are epiunits (a village or a neighborhood comprised of several holdings), and edges connecting epiunits are placed according to direction and frequency of shipments. Using records of 3718
FMD outbreaks over this same time frame, we categorize epi-units as those that experienced
at least one outbreak (infected), those that did not experience outbreaks and were 1 edge
away from an epi-unit that experienced an outbreak (high-risk) and those that were 2 or
more edges away from an epi-unit that experienced an outbreak (low-risk). We find that epiunits that were either infected or at high risk of infection had higher values of a number of
centrality measures (eigenvector, betweenness, degree, coreness). In contrast, low-risk epiunits were disproportionately identified with low values of centrality (i.e., lower than the
mean). These results suggest that efforts to detect FMD outbreaks should be focused
preferentially in epi-units with centralities greater than the mean, and not uniquely on epiunits with highest centralities.
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Genomic epidemiology of SARS-CoV-2 in Nuevo Leon
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Introduction:
The severe acute respiratory syndrome-related coronavirus 2 (SARS-CoV-2) is a human
infecting coronavirus. SARS-CoV-2 lineages A and B are circulating in Mexico.
Objective:
Identify the lineages of SARS-CoV-2 circulating in the state of Nuevo Leon.
Methods:
We employed the ARTIC sequencing protocol on RNA samples from patients with a
confirmed diagnosis of COVID-19. The sequences obtained were used to identify the different
SARS-CoV-2 lineages circulating in the state. Phylogeny reconstruction was inferred using
maximum clade credibility approach.
Results:
We obtained 78 SARS-CoV-2 complete genomes. As of February 25th, 2021, 27 lineages were
found circulating in the region and most of the samples corresponded to the lineages B.1,
B.1.1.207 and B.1.1.222. Only one of the genomes was part of the A lineage, and it was found
circulating at the beginning of the epidemic. Lineages B.1, B.1.1.207, B.1.243 and B.1.396 were
found circulating during consecutive months so they could be associated with community
transmission.
The 78 sequences formed clusters and were dispersed throughout the maximum clade
credibility tree, which suggested that the evolution of viral lineages in the state was due to
introductions from international or interstate travels and community transmission events.
Conclusion:
We report that there are different lineages of SARS-CoV-2 circulating in the state of Nuevo
Leon.
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Cattle are currently dead end hosts in peste des petits ruminants transmission:
modeling and experimental study
Catherine M. Herzog, Fasil Aklilu, Vivek Kapur, Ottar N. Bjørnstad
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Peste des petits ruminants virus (PPRV) causes a contagious disease of high morbidity and
mortality in sheep and goats. Cattle are believed to be dead end hosts, although studies
show seroconversion in the lab and field.
This multi-part study investigated cross species transmission using epidemiological, statistical,
mathematical, and experimental approaches. We used a serosurvey of 7,538 animals in
Tanzania to parameterize a multi-species dynamical model of PPRV transmission among
sheep, goats, and cattle for different herd sizes and herd compositions and to calculate the
reproductive number (R0) using the next-generation formalism. For biologically plausible
parameters, the mid-range R0 estimate for all three species was 4.0. Using this multi-species
setting R0, we investigated the role of each species in transmission dynamics. If cattle were
removed, the resulting next-generation two-species (sheep-goat) R0 estimate was 3.73. The
removal of sheep only, goats only, and both sheep and goats resulted in R0 estimates of 2.14,
2.14, and 0.28, respectively. Therefore, sheep and goat vaccination is expected to break
sustained PPRV transmission, except in the case where cattle transmit PPRV onward at 40%
greater rate than that of sheep and goats.
To address if cattle shed infectious virus and transmit to small ruminants, a series of 8
experimental transmission trials were conducted. No transmission was observed from 32 PPRVinoculated Zebu cattle to 32 co-housed goats over 35 days. Neither species showed clinical
signs, goats did not seroconvert, cattle seroconverted. All goat positive controls developed
disease. These experiments put an upper bound on the probability of cattle-to-goat
transmission during extended cohousing at 5%.
Taken together, these investigations suggest cattle do not currently play a role in PPRV
transmission to small ruminants under conditions that emulate East African mixed animal
husbandry practices. Future research should monitor potential viral evolution during PPRV
eradication and other atypical host spillovers.
1
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Where the wild mice are: how space-use and contact network structure
affects parasite transmission in wild wood mice
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The availability and distribution of resources in the environment are known to alter animal
movement, space use, home range size, and contact networks between individuals – all of
which present opportunities for changes to parasite transmission. Although resources vary
naturally across habitats, continued anthropogenic pressure is contributing to changes in
both the availability and distribution of these resources and consequently how animals utilise
them, leading to possible changes in parasite transmission.
Technological advances, such as proximity-logging equipment, allow us to measure changes
in space-use and movement in addition to using more traditional mark and recapture
methods. We manipulated resource availability and distribution available to wild wood mice
(Apodemus sylvaticus) across woodland sites in Scotland by providing high-quality mouse
feed from May to December 2019 and from July to December 2020. We used a combination
of longitudinal mark-and-recapture live-trapping combined with Passive Integrated
Transponders (PIT)-tag proximity-loggers in each of our three resource manipulation grids to
measure wild wood mouse movement and space-use patterns and to generate contact
networks derived from both the proximity-loggers and the live-trapping data. Combining
proximity-logging with traditional trapping data gave detailed information about the
movement and contact patterns of wild mice, and how resource availability and distribution
impacted how wild mice utilised both space and available resources
Here, we lay out how these changes might affect parasite transmission in a population with
multiple naturally-occurring parasite species with multiple transmission modes, and our plans
to analyse and model this data.
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Viral coinfection dynamics in Reunion free-tailed bats (Mormopterus
francoismoutoui)
Hoarau AOG, Koster M, Le Minter G, Dietrich M, Mavingui P, Lebarbenchon C
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Simultaneous circulation of multiple infectious agents in vertebrate hosts is common.
Coinfections can affect host fitness and transmission dynamics of infectious agents, although
these aspects remain understudied in wildlife. We focused on the epidemiology of
astroviruses, coronaviruses, and paramyxoviruses in a Reunion free-tailed bat (Mormopterus
francoismoutoui) maternity colony. A total of 1,604 feces samples was collected during a
longitudinal study, for three consecutive seasons. Samples were tested for the presence of
viral RNA by PCRs. Viruses were detected during the three birthing seasons, with significant
differences in the overall proportion of positive individuals: 1.8% ± 0.6% for astroviruses, 6.1% ±
1.2% for paramyxoviruses, and 18.7% ± 1.9% for coronaviruses. Coinfection was relatively low:
1.3% ± 0.6% of positive bats and no interaction was detected between viruses. We observed
a significant variation in coronavirus and paramyxovirus prevalence over time, potentially
associated to changes in the structure of the host population throughout the breeding
season. This study highlights the importance of longitudinal studies and the need for a better
understanding of the potential interactions between infectious agents, and their
consequences on disease transmission dynamics and spillover to other hosts.
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Vector diversity and malaria prevalence: global trends and local
determinants
Amber Gigi Hoi, Benjamin Gilbert, Nicole Mideo
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Identifying determinants of global infectious disease burden is a central goal of disease
ecology and epidemiology. While it is widely accepted that host diversity structures parasite
diversity and prevalence across large spatial scales, the influence of vector diversity on
disease risk has rarely been examined despite the role of vectors as obligatory intermediate
hosts for many parasites. Malaria, for instance, can be transmitted by more than 70 species of
Anopheles mosquitoes, but the impact of this vast diversity on malaria risk remains unclear.
Further, the impact is likely dependent on the context in which disease transmission occurs, as
arthropod life history and behavior are highly sensitive to environmental factors such as
temperature. We studied the relationship between vector diversity, malaria prevalence, and
environmental attributes using a unique dataset we curated by integrating several openaccess sources. First, we investigated and characterised broad associations between global
malaria prevalence and vector diversity. Overall, mosquito species richness was negatively
associated with malaria prevalence. However, the nature and strength of this relationship
turned out to differ by latitude, such that vector diversity was positively associated with
malaria prevalence near the equator, and this effect weakened and reversed to a slight
negative association toward the edge of the tropics. Next, we examined in depth how biotic
and abiotic factors interact to determine malaria risk in two malaria endemic regions, Africa
and Southeast Asia, using structural equation models. We found that in Africa, the
environment exerted a top-down influence on disease through its role in shaping vector
communities, whereas in Southeast Asia, disease risk is influenced by more complex
interactions between the environment (i.e., rainfall and GDP) and vector diversity across sites.
This work represents the first comprehensive study of vector diversity on malaria risk and offers
crucial insights to vector management and disease control.

ABSTRACT
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Accounting for heterogeneity in wild adult samples to measure insecticide
resistance in Anopheles malaria vectors
Inga Holmdahl (1), Caroline Buckee (1), Lauren Childs (2)
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Systematic, long-term, and spatially representative monitoring of insecticide resistance in
Anopheles malaria vectors is needed to quantify the impact of insecticide resistance on
malaria transmission, and to combat failing interventions when resistance emerges.
Resistance assays on wild-caught adult mosquitoes offer an alternative to the current
protocols, and can be done cheaply, in a shorter time frame, and in the absence of an
insectary. We developed a discrete-time deterministic mosquito lifecycle model to simulate
different types of insecticide assays and to evaluate the bias in insecticide resistance
bioassays using either adult-captured or larval-captured samples. We incorporated nonlethal effects of insecticide exposure that were demonstrated in laboratory experiments.
Using output from this model, we simulated assays from either larval-captured or adultcaptured samples. We found that the bias in adult-captured assays depended on the level
of insecticide resistance in the population, rather than spatial structure of the population or
insecticide coverage. Using the model, we compared the results of these assays to true
resistance as measured by the presence of the resistance allele, and constructed a
correction model that can be used to reduce bias in adult-sampled assays. In a sample of
100 test mosquitoes, simulated 1000 times, we found that compared to adult-captured assays
(MSE = 0.0059), larval-captured assays were a better measure of true resistance (MSE =
0.0018). Using the correction model, we were able to improve the accuracy of the adultcaptured assay results (MSE = 0.0038). These results show that adult-captured bioassays—
which have logistical advantages over the standard larval-captured assays—can be
improved using a simple mathematical approach and used to inform resistance monitoring
programs.
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Synergistic interventions to control COVID-19: mass testing and isolation
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Shutdowns of non-essential businesses and stay-at-home orders are powerful, but socially
costly, tools to control the pandemic spread of SARS-CoV-2. Mass testing strategies, which
rely on widely administered frequent and rapid diagnostics to identify and isolate infected
individuals, are emerging as a potentially less disruptive management solution. In this
research, we assess the extent to which mass testing and isolation strategies can reduce
reliance on socially detrimental non-pharmaceutical interventions, such as distancing and
shut-downs. We develop a multi-compartmental model incorporating both preventative nonpharmaceutical interventions (NPIs) and testing and isolation to evaluate their combined
effect on public health outcomes. Our model is designed to be a policy-guiding tool that
captures important realities of the testing system, including constraints on test availability and
non-random testing allocation. We show how the characteristics of the testing system,
including test availability, test delays, and test sensitivity, may inform the implementation of
preventative NPIs to achieve desired public health outcomes in the future. Our analysis shows
that strategic changes in interventions can achieve similar public health outcomes with less
reliance on non-pharmaceutical interventions, and emphasizes the importance of identifying
and isolating unreported, asymptomatic infections. Changes in NPIs, including the intensity of
lockdowns and stay at home orders, should be coordinated with increases in testing to
ensure epidemic control. Further, we consider how vaccination may affect NPI and testing
capacity requirements, demonstrating the importance of maintaining these additional
interventions through vaccine rollout. Importantly, our results can be used to guide ramp-up
of testing capacity, allow for the flexible design of combined interventions based on social
and political context, and inform future cost-benefit analyses to identify efficient pandemic
management strategies.
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Implementation of HSP70-sequencing for species identification within the
Leishmania (Viannia) guyanensis complex, using field samples from endemic
areas of Colombia.
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1Background: Colombia reports one of the highest numbers of endemic Leishmania species
(n=9) causing human disease. Although much effort has been devoted to generating simple
and specific tools for Leishmania species identification, challenges remain in the
discrimination of species belonging to the Leishmania (Viannia) guyanensis complex (L. V.
guyanensis and L. V. panamensis). Methods: A set of seven reference strains of species
pertaining to the L. Leishmania and L. Viannia subgenera, clinical strains from human cases of
dermal leishmaniasis (n=26) , and tissue samples collected from sylvatic mammals and
sandflies (n=7) from endemic areas of Colombia were included in this study. The HSP70 gene
was PCR-amplified from DNA extracts of logarithmic phase promastigotes or tissue samples,
and PCR products were sequenced. Sequence alignment was performed against a set of
105 previously published and curated sequences, and phylogenetic analysis based on
maximum-likelihood and Bayesian inferences approaches were conducted. Haplotypic
diversity among strains and species of the L.V. guyanensis complex was explored using a
median-joining network. Results: Sequencing of the HSP70 gene showed an excellent
concordance with L.Viannia species typing using isoenzyme electrophoresis or monoclonal
antibodies, with complete species matching except for one sylvatic sample with an identity
yet unsolved. Among the clinical strains previously defined as L. V. panamensis, we found two
distinctive phylogenetic clusters correlated with two different zymodemes, L.V. panamensis
Z2.2 and Z2.3. Analysis of sylvatic samples identified novel records of natural infections for wild
mammals and sandflies species. Conclusions: Our results support the usefulness of HSP70
gene sequencing as a single locus approach for discrimination of L.Viannia species
circulating in Colombia, as well as for exploring the genetic diversity within the L. V.
guyanensis complex.
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Disease or drought: environmental fluctuations release zebra from anthrax
transmission hotspots
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When a transmission hotspot for an environmentally persistent pathogen establishes in
otherwise high-quality habitat, the disease may exert a strong impact on a host population.
However, fluctuating environmental conditions lead to heterogeneity in habitat quality and
animal habitat preference, which may interrupt the overlap between selected and risky
habitats. We evaluated spatiotemporal patterns in anthrax mortalities in a plains zebra (Equus
quagga) population in Etosha National Park, Namibia, incorporating remote-sensing and host
telemetry data. A higher proportion of anthrax mortalities of herbivores was detected in open
habitats than in other habitat types. Resource selection functions showed that the zebra
population shifted habitat selection in response to changes in rainfall and vegetation
productivity. Average to high rainfall years supported larger anthrax outbreaks, with animals
congregating in preferred open habitats, while a severe drought forced animals into
otherwise less preferred habitats, leading to few anthrax mortalities. Thus, the timing of
anthrax outbreaks was congruent with preference for open plains habitats and a
corresponding increase in pathogen exposure. Given shifts in habitat preference, the overlap
in high-quality habitat and high-risk habitat is intermittent, reducing the adverse
consequences for the population.
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Crimean-Congo haemorrhagic fever virus (CCHFV) is categorised by the World Health
Organisation’s Research and Development Blueprint as a public health emergency priority
pathogen. The virus can cause a severe haemorrhagic fever in humans, with a case fatality
rate of up to 40%. Transmission is primarily tick-borne but can also occur via blood and tissues
from viraemic livestock reservoirs. Although believed to be endemic in much of sub-Saharan
Africa, the distribution and epidemiology of the virus in the region is poorly understood.
Northern Tanzania has been identified as an area at high risk of CCHFV infections in people,
but no previous published studies have investigated the epidemiology of the virus in the
country, in either humans or livestock. This study investigated seroprevalence and risk factors
associated with CCHFV exposure in livestock.
Sera from 7697 cattle, sheep, goats from Arusha and Manyara regions in northern Tanzania
were collected in 2016 as part of a cross-sectional survey. Seropositivity to CCHFV was
determined using a commercial ELISA kit (IDvet, Grabels, France). Mixed effects multivariable
logistic regression models were used to investigate risk factors associated with CCHFV
exposure.
Seroprevalence was high, with 49.6% cattle (95% CI 47.8-51.4%), 33.8% goats (95% CI 31.935.7%), and 27.8% sheep (95% CI 25.8-29.7%) seropositive. Exposure was seen in all age groups
tested, and analysis to date shows that increasing age was significantly associated with
increased odds of exposure, suggesting the virus is endemic in livestock in the region. Further
investigation of risk factors is ongoing and will be presented on the poster.
This is the first study to investigate CCHFV exposure in cattle, sheep and goats in Tanzania and
the results will provide new insights into risks associated with livestock exposure in the area, as
well as a basis upon which to build future work investigating risks for human exposure.
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Between virus correlations in the outcome of infection across host species:
evidence of virus genotype by host species interactions
Ryan M. Imrie, Katherine E. Roberts, Ben Longdon
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Virus host shifts are a major source of outbreaks and emerging infectious diseases, and
predicting the outcome of novel host and virus interactions remains a key challenge for
future research. The evolutionary relationships between host species can explain variation in
transmission rates, virulence, and virus community composition between hosts, but the
potential for different viruses to interact with host species effects has yet to be established. To
investigate this, we measured correlations in viral load of four Cripavirus isolates across
experimental infections of 45 Drosophilidae host species. We found positive correlations
between every pair of viruses tested, suggesting that certain host and host clades may be
broadly susceptible and could act as reservoirs and donors for certain types of viruses.
Additionally, we found evidence of virus-by-host species interactions, highlighting the
importance of both host and virus traits in determining the outcome of virus host shifts. More
closely related viruses tended to be more strongly correlated, providing tentative evidence
that virus evolutionary relatedness may be a useful proxy for determining the likelihood of
novel virus emergence, although this requires further study to prove conclusively.
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Last-come, best served? Mosquito biting order and Plasmodium transmission
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A pervasive characteristic of parasite infections is their tendency to be over- dispersed.
Understanding the mechanisms underlying this overdispersed distribution is of key importance
as it may impact the transmission dynamics of the pathogen. Although multiple factors
ranging from environ- mental stochasticity to inter-individual heterogeneity may explain
parasite overdispersion, parasite infection is also overdispersed in an inbred host population
maintained under laboratory conditions, suggesting that other mechanisms are at play. Here,
we show that the aggregated distribution of malaria parasites within mosquito vectors is
partially explained by a temporal heterogeneity in parasite infectivity triggered by the bites of
mos- quitoes. Parasite transmission tripled between the mosquito’s first and last blood feed in
a period of only 3 h. Surprisingly, the increase in transmission is not associated with an increase
in parasite investment in production of the transmissible stage. Overall, we highlight that
Plasmodium is capable of responding to the bites of mosquitoes to increase its own
transmission at a much faster pace than initially thought and that this is partly responsible for
overdispersed distribution of infection. We discuss the underlying mech- anisms as well as the
broader implications of this plastic response for the epidemiology of malaria.
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Landscape drivers of host genetic diversity and parasite susceptibility
Nicholas Ivers, Shalene Jha
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Globally, pollinators are experiencing unprecedented declines often linked to emerging
threats from pathogens, while it is well established that land-use change, including
urbanization and agricultural intensification have large impacts on bee communities. It is
crucial to understand how land-use change influences bee populations, especially with
regard to their dispersal capacity and genetic diversity. Past work in the Jha lab shows that
recent land-use changes can be a significant barrier to gene flow in Bombus vosnesenskii in
California, resulting in small but significant inbreeding. Bumble bees were one of the first
groups where individuals with lower genetic diversity were shown to have a weakened
immune response and overall higher infection susceptibility. It is therefore important to
understand how changing landscapes affect both the genetic connectivity of bees, and
infectious disease dynamics such as transmission.
In this study, we investigate the landscape genetic structure of B. vosnesenkii across a 1000km
study region of the southwestern US coast. A total of 10 microsatellites in B. vosnesenkii were
sequenced to measure heterozygosity and allelic richness. B. vosnesenksii populations show
significant differentiation across all statistics; FST = 0.041, F’ST = 0.044, and Dest = 0.155. Three
distinct biogeographic areas, Coastal, Sierra, and Island bioregions were sampled, though
these did not show strong genetic structuring. However, the island populations show small but
significant inbreeding, which may yet prove relevant for parasite persistence. Additionally,
752 B. vosnesenskii were screened for the presence of Neogregarines (Apicystis bombi) and
trypanosomes (Crithidia bombi, C. expoekii). Initial results indicate unique drivers of
prevalence for each parasite taxa. Neogregarines are more prevalent in island populations,
whereas C. bombi is surprisingly more prevalent in more genetically diverse populations,
possibly due to host density. MRDMs will be used to test whether genetic, geographic, or
resistance distances predict parasite prevalence across the study region.
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Using models as a predictor of insecticide resistance evolution and vector
borne disease transmission likelihood of various insecticide resistance
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One of the main vector-borne disease prevention strategies is the use of insecticides to
reduce vector populations. The deadliest vector worldwide is the mosquito, causing over
400,000 deaths each year. Perpetual use of the same insecticides by public health and
agriculture has resulted in the emergence of insecticide resistant mosquitoes, rendering many
insecticides no longer effective which results in poor mosquito population control and
continued disease transmission. Much research has been done on the mechanisms of
resistance, however there is a lack of research in the evolutionary trajectory of diploid
organisms once resistance has emerged. Mathematical approaches have been developed
to predict optimal resistance management strategies under field conditions, however, these
suffer from lack of empirical data to estimate genotype-specific parameters for selection and
fitness. Therefore, to improve insecticide resistance evolution predictions and concurrently
improve vector borne disease transmission reduction predictions, I propose to establish a new
mathematical simulation that will include biologically measured fitness and selection
parameters of different insecticide susceptible and resistant mosquito genotypes, using
Aedes aegypti as the model organism. Fitness and selection parameters will be measured for
both field and laboratory Ae. aegypti. Pyrethroid insecticides will be the main type of
insecticides used as this is one of the main classes of insecticides used globally, especially for
mosquitoes. Within the mathematical simulation, the insecticide resistance management
strategies that will be modeled include monotherapy (one insecticide), rotation (a different
insecticide every few generations), combination (multiple insecticides at the same time),
mosaic (treating different parts of a population with different insecticides), low dose (one
insecticide at low concentration), and evolutionary refugee (leaving a sub population
untreated).
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Characterising the intrahost haplotype diversity of dengue virus
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The sequencing of viral genomes has provided critical insight into the spread of viruses in
populations. However, phylogenetic analyses primarily rely on consensus sequences and do
not consider that each infection represents a family of viruses (haplotypes). The mass of raw
sequencing generated from deep sequencing approaches, such as from Illumina, presents
an opportunity to reconstruct intrahost haplotypes. However, there remain two hurdles. Firstly,
although a number of algorithms exist, their performance remains poorly understood.
Secondly, phylogenetic analyses commonly use viral isolates that have been passaged
through cell lines, which may change viral diversity. Here we use a set of dengue virus
samples where the virus was directly sequenced from patient plasma and separately was
passaged in mosquito cell lines. We assess the consistency of the intrahost haplotypes
identified within each sample pair (n=9) using RegressHaplo. We found that while the
consensus sequence was identical in each pair, the average number of intrahost haplotypes
was 2.7 in the direct sample and 2.0 in the passaged samples. By comparing the frequency
of haplotypes in the passaged sample in relation to the direct sample, we found that 5/9 of
the passaged samples had 100% of their haplotypes shared with their corresponding direct
samples indicating that the passaged samples represented a subset of the diversity present in
the direct samples. In the remaining four samples, there was a lower proportion shared,
ranging from 0-68%. On the other hand, we found there was consistently a lower proportion
of the haplotypes from the direct sample identified in the passaged sample, suggesting a
regular loss in viral diversity through the passaging process. These findings show that there
remains substantial viral diversity present within dengue infections. In addition, caution should
be taken when assessing the intrahost diversity using passaged viruses.
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Climate drivers of dengue incidence in Colombia at multiple timescales
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Across South America, climate drives the spatial distribution and periodicity of dengue
outbreaks at multiple timescales. The El Niño Southern Oscillation (ENSO) in the Pacific Ocean
is a well-established driver of dengue on an inter-annual timescale, while temperature and
rainfall conditions affect seasonal transmission. There is a need, however, to understand the
interaction between regional and local climate drivers on dengue incidence; particularly for
Colombia, which is located at the intersection of the Indo-Pacific and tropical Atlantic
oceans and has a complex topography. We analyzed linkages between monthly dengue
incidence reported in 1,122 Colombian municipalities during 2007–2019 and: (1) Indo-Pacific
and tropical Atlantic sea surface temperature anomalies (SSTa); (2) mean temperature and
rainfall anomalies derived from statistically-blended satellite-weather station data; and (3)
extreme weather conditions (e.g., duration of dry spells, wet spells, etc.) derived from groundtruth weather data and satellite products. We used Single Value Decomposition (SVD)
analyses to identify the main modes of spatio-temporal variability of SSTa and the gridded
temperature and precipitation datasets, and conducted lagged cross-correlation analyses
with dengue incidence for each municipality. We ran distributed lag non-linear models within
a spatiotemporal Bayesian hierarchical model framework, using integrated nested Laplace
approximations. With the SVD analysis, we detected regions which respond synchronously to
SSTa, and have similar long-term temperature and rainfall patterns; there are also dipoles of
spatio-temporal variability, controlled by the Andes mountains and main sources of moisture
to the country. We found that dengue incidence responds to SSTa at different lags, with the
Andean and Pacific regions having the strongest association 0–4 months after Indo-Pacific
SSTa (ρmax=+0.48) and the Andean region having the strongest association with tropical
Atlantic SSTa at 0–2 months (ρmax=+0.64). We demonstrate the importance of integrating
novel climate variables at multiple timescales to advance early warning systems for dengue.
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Chytridiomycosis, the deadly disease caused by chytrid funguses including Batrachochytrium
dendrobatidis (Bd) targets amphibian skin and currently represents the most significant global
disease threat to biodiversity. The disease has been associated with amphibian declines
across six continents but elicits substantial inter- and intra-species variation in amphibian host
response. Eastern hellbender salamanders (Cryptobranchus alleganiensis alleganiensis) are a
species of conservation concern throughout their range in the eastern United States of
America with a heterogeneous response to Bd infection. We evaluated functional
relationships between host and pathogen which play a role in producing observed
differential disease outcomes during investigation of the effect of vaccination on infection
severity and outcome in hellbenders challenged with a high or low dose of Bd. We
characterized gene expression from tail skin punch biopsies collected at four experimental
time points: 1) Day 0- prior to vaccination, 2) Day 89- post vaccination and pre-infection, 3)
Day 117- early infection, and 4) Day 187- late infection. We examined six unvaccinated and
uninfected animals, six unvaccinated and infected animals, and six vaccinated and infected
animals. We filtered Bd gene expression data with genome alignment and eastern
hellbender transcriptomes were de novo assembled for differential gene expression analysis.
Application of a longitudinal metatranscriptome approach enabled us to monitor cutaneous
host immune response throughout the course of infection and provided insights into the
associated activity of pathogen in disease.
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Macy Kailing - Virginia Tech - US
Sex-biased infections and mortality in a multi-host fungal pathogen of bats
Macy J. Kailing (1), Joseph R. Hoyt (1), J. Paul White (2), Heather M. Kaarakka (2), Jennifer A.
Redell (2), John E. DePue (3), William H. Scullon (3), Katy L. Parise (4), Jeffrey T. Foster (4), A.
Marm Kilpatrick (5), and Kate E. Langwig (1)
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Emerging infectious diseases are a key threat to wildlife and understanding disease dynamics
within populations is fundamental for the conservation of impacted species. Sex differences
in infection are widely observed across disease systems and may have consequences for host
population recovery. We explored sex-biased infections of bat species impacted by an
emerging fungal disease, white-nose syndrome (WNS), and evaluated disease-associated
differences in mortality between sexes and potential effects on population structure. We
collected fungal swabs, morphometrics, and environmental data from five species of
hibernating bats at 43 sites spanning the eastern and midwestern U.S. to characterize
infections and host traits over the course of an annual outbreak. We also used RFID systems at
hibernacula and PIT-tagged bats to determine the role of sex-based activity patterns in
shaping infection patterns by sex. We found females suffered from more severe infections of
the fungal pathogen causing WNS than male conspecifics when there was a clear sex-bias.
In addition, we found females were less likely than males to be recaptured overwinter and
accounted for a smaller proportion of populations over time. Notably, female-biased
infections were evident by early hibernation, suggesting that sex-based dynamics prior to
hibernation may play an important role in shaping WNS outbreaks. More frequent use of
cooler body temperatures by less active females in fall may permit higher pathogen growth
in females compared to males given the cool temperature-dependence of the fungus.
Higher impacts in female bats may have cascading effects on bat populations and extend
the consequences of WNS beyond the hibernation season, such as limiting recruitment and
increasing the risk of Allee effects.

ABSTRACT
Tatum Katz - University of California, Santa Barbara - US
From specialist to generalist: a community ecology approach to
understanding the disease dynamics of the amphibian-killing pathogen
Batrachochytrium dendrobatidis
Tatum S. Katz, Cheryl J. Briggs

University of California, Santa Barbara

Many traditional disease models whose study provides the basis for theory and management
typically focus on a specialist pathogen and a single host. In the age of emerging infectious
diseases we must update our theory and techniques to meet the challenges posed by nontraditional, novel pathogens, such as fungal and generalist pathogens. Here, we
demonstrate a framework for predicting focal host disease outcomes and testing
management strategies in an ecologically relevant mathematical model. We use the
amphibian-killing fungal pathogen, Batrachochytrium dendrobatidis (Bd), as our model
organism and develop an integral projection model which predicts population-level disease
states in three species of amphibians. Using data collected from nearly two years of bimonthly sampling events at 20 ponds to parameterize and ground-truth the model, we
demonstrate how this framework may be applied to other generalist, emergent pathogens.
Over the course of our field work, we identified Bd outbreaks at a subset of our sites, creating
a natural experiment to test our model against. Our findings demonstrate that vectors and
reservoirs may play important roles in Bd-amphibian dynamics. These community-focused
methods can provide further insight into the true ecological niche of the generalist pathogen
and reveal novel management strategies for protection and conservation of the focal host.

ABSTRACT
Kayla Kauffman - Duke - US
Friends, neighbors, and shared spaces: Comparing “transmission potential
networks” for environmental and close-contact transmission modes in rural
Madagascar
Kayla Kauffman 1, Courtney Werner 1, Georgia Titcomb 2, Michelle Pender 1, Jean Yves
Rabezara 3, Shai Pilosof 4, Randall Kramer 1, James Moody1, Peter Mucha5, and Charles L.
Nunn1

1-Duke University, Durham, NC; 2-University of California, Santa Barbara; 3- Centre
Universitaire Régional de la SAVA,, Antalaha, Madagascar; 4-Ben-Gurion University of the
Negev, Beer-Sheva, Israel; 5-University of North Carolina at Chapel Hill, Chapel Hill, NC.

Network-based approaches have revolutionized our understanding of parasite transmission
by incorporating heterogeneities in contact patterns into epidemiological models. However,
few studies have compared “transmission potential networks” (TPNs) for infectious organisms
with different transmission modes, such as environmental transmission versus close contact
transmission. We used survey and GPS data collected from 123 rural agriculturalists in
northeastern Madagascar to create three TPNs. The first TPN was inferred using a standard
social network survey data based on participant reports of whom they rely on for help, who
comes to them for help, and with whom they spend their free time. The second TPN
represented close contacts, which were derived from at least a week of GPS tracker data on
each individual. We developed a novel approach based on exponential random graphs
(ERGMs) and generalized linear models to predict edges for individuals wearing GPS trackers
at different times. The third TPN represented environmental transmission based on shared use
of the same flooded rice fields; this TPN was generated from a bipartite network describing
connections between participants and locations, based on GPS tracker data and land use
classifications. We compared individuals’ centrality and connectivity among the TPNs. The
correlations in eigenvector centrality between the three TPN was low (mean = 0.26 ± 0.08),
indicating that individuals vary in their potential for superspreading among different
transmission-based TPNs. Likewise, there was no correlation between number and strength of
connections individuals had to others between TPNs (mean = 0.02 ± 0.14), indicating that
different individuals vary in the number of connections they have depending on how those
connections are defined. We are now combining these different representations with
infection data to assess the effectiveness of different network-based methods for capturing
transmission pathways and to investigate the socioeconomic and demographic predictors of
centrality in this population.

ABSTRACT
Nick Keiser - University of Florida - US
Resurrection of a study system: Social spiders as a tool in behavioral disease
ecology
Carl N. Keiser

University of Florida

The development of new systems for testing previously unexplored questions is fundamental
to growth as a discipline. Novel study systems can prove to be tractable in ways
unachievable in more common systems, can utilize species-specific tools already developed
in other disciplines, and facilitate the development of new sets of questions through
potentially unique natural history characteristics. For example, social spiders represent a
fraction of spider diversity (~25 out of 48,000 species) and yet sociality has evolved multiple
times Indiapendent, generating multiple social-subsocial species pairs with which to test
questions regarding life history evolution, cooperation, multilevel selection, social immunity,
and more. What happens, then, when foundational discoveries are retracted from the
publication record early in the development of new study systems? Here I present on two
genera of social spiders about which a series of publications were recently retracted, and
present on three avenues of research in which these study systems serve as valuable tools in
disease ecology and evolution: (1) Highly tractable microbial transmission studies, (2) social
immunity in non-eusocial animal societies, and (3) host-symbiont evolution. I highlight
research from labs across the world demonstrating progress in these three avenues of
research, and describe cases where social spiders seem uniquely suited to answer these
questions. Although retractions of published papers seem to produce “gaps” in the
publication record, as follow-up studies now cite no-longer reliable conclusions, I argue that
they also allow for a creative radiation of novel research pursuits as researchers are no longer
limited to what was already “known” about a system.

ABSTRACT
Alison Ketz - University of Wisconsin, Madison - US
Long term dynamics of chronic wasting disease
(1)Alison C. Ketz, (2)Daniel J. Storm, and (3)Daniel P. Walsh

(1) Wisconsin Cooperative Research Unit, Department of Forest and Wildlife Ecology,
University of Wisconsin, Madison (2) Wisconsin Department of Natural Resources (3) U.S.
Geological Survey, National Wildlife Health Center

Host susceptibility to infectious pathogens and infection risk can vary by demographics,
through time, and across geographic space. Heterogeneities affect epizootic dynamics and
can be characterized by an underlying dynamic process that gives rise to patterns of
infections in hosts. We examined a large suite of force-of-infection models to explore
hypotheses related to chronic wasting disease (CWD) dynamics. We use cross-sectional
surveillance data obtained from 18 years of hunter harvest surveillance in Wisconsin and
estimated the influence of sex, space, age, time, as well as their interactions, on the CWD
force-of-infection in the region. We showed strong associations of infection rates with all
heterogeneities considered. The functional form of the force-of-infection of our top model
supports exponential growth of CWD over time, with clear spatial structure. Our models
demonstrate how a CWD epizootic can change over a protracted time scale; with
implications for disease ecology, geographic spread, and disease mitigation. 1

ABSTRACT
Aaron King - University of Michigan - US
Unified Approach to Phylodynamic Inference
Aaron A. King, Qianying Lin, Edward L. Ionides

University of Michigan

We describe an approach to phylodynamics that unifies and extends existing likelihoodbased methods for extracting information from virus genealogies to parameterize transmission
models. Specifically, we show how transmission models induce genealogy-valued processes
and derive an equation for the exact likelihood. The theory is mathematically rigorous and
implies computationally efficient inference algorithms.

ABSTRACT
Kyle Koller - University of South Florida - US
Seasonal Rhythms in West Nile Virus Competence for a Widespread Host
Kyle L. Koller, Meredith E. Kernbach, Lynn B. Martin

University of South Florida

Distinct seasonal rhythms are a ubiquitous feature for both zoonotic pathogens and the
reservoirs responsible for their propagation. To limit the burden inflicted by these pathogens, it
is imperative to describe the forces driving broad spatiotemporal patterns of transmission.
Host competence, the capacity for a host to pass a pathogen onto others, facilitates the
linkage of finely detailed within-host processes with general properties of transmission. Several
critical aspects of competence (e.g. the duration and magnitude of infectiousness) are
governed by host immune defenses, which are highly plastic to several temporally dynamic
forces. Seasonally heterogeneous immune defenses in key reservoirs ought to be a significant
force driving zoonotic disease seasonality, however temporal rhythms in functional reservoir
immune defenses have yet to be characterized. Here, I performed a longitudinal series of
experimental West Nile virus infections in a ubiquitous reservoir, the house sparrow (<i> Passer
domesticus<i>), to illustrate host competence across a temporal gradient. I predict that
significant seasonal variation will exist, with competence being greatest in those exposed
during molt and reproduction, times of great energetic demand. Findings will demonstrate
the temporal dynamics of functional immune defenses, and the influence these have on
spillover risk for the leading arboviral disease in the United States. Among already completed
cohorts, I have found that House Sparrows remain infectious significantly longer in January,
when this pathogen is not typically encountered and hosts may be downregulating immune
function to cope with increased energetic demands and less plentiful resources. At the time
of the meeting, the last of the cohorts will be finished and analyzed to fully characterize
seasonality in WNV competence for this keystone host.

ABSTRACT
Alicia Kraay - Emory University - US
Modeling the use of SARS-CoV-2 vaccination to safely relax nonpharmaceutical interventions in the context of ongoing viral evolution
Kraay ANM, Gallagher MG, Ge Y, Han P, Baker JM, Koelle K, Handel A, Lopman BA

Emory University

In response to the United States’ COVID-19 epidemic, widespread non-pharmaceutical
interventions (NPIs), including physical distancing, mask wearing, and enhanced hygiene,
have been implemented. We use a transmission model to study when these NPIs could be
safely relaxed in the United States as vaccination becomes more widespread. We compare
relaxation scenarios where NPIs begin to relax 0-9 months after vaccination begins, with
historical levels of social interactions being reached within 1 month to 1 year. The extent of
delay needed to safely reopen depends primarily on the rate of vaccine rollout, with the
degree of protection against asymptomatic infection playing a secondary role. We find that
NPIs can begin to be safely relaxed once at least 40% of eligible adults are fully vaccinated,
with higher coverage levels being needed if protection against asymptomatic infection is
lower. If a vaccination rate of 3 million doses/day can be achieved (similar to peak seasonal
influenza vaccination rates), NPIs could begin to be safely relaxed in 2-3 months. With a
vaccination rate of 1 million doses/day, a 6–9-month delay is needed. Vaccinated individuals
can safely begin to relax NPIs sooner than unvaccinated individuals. Due to the need to
pursue strategies that enable safe relaxation of NPIs, we recommend an initial delay of at
least 3 months in relaxing restrictions, and that the speed of vaccine rollout be prioritized. In
follow-up simulations, we explore how these results depend on novel circulating variants
based on the potential for higher transmissibility of novel strains and reduced vaccine
efficacy.

ABSTRACT
Megan Kutzer - University of Edinburgh - UK
Bouncing back: recovery dynamics in ant colonies following infection
Megan A. M. Kutzer and Sylvia Cremer

University of Edinburgh; Institute of Science and Technology, Austria

Immune defense in eusocial insect societies has been shaped by their ecology. Ants, for
example, often live in densely populated, multigenerational colonies in microbe rich
environments, which, we might assume, promote disease outbreaks among colony members.
However, through a complex interplay of individual immune defense and collective defense
behaviors, i.e. social immunity, insect colonies rarely succumb to epidemics and remain
resilient in the face of infection. To date, most work focuses on how these societies use
resistance mechanisms that reduce pathogen load through nest hygiene and mutual
sanitary care, yet colony level tolerance is not fully understood. Here, we ask how colonies
buffer the disease-induced loss of their queens or workers. We predicted that a resilient
colony will survive an outbreak by buffering the damage caused by disease and that the
capacity of a colony to recover will be caste-specific if queens are more difficult to replace
than workers. In a series of longitudinal experiments using the polygynous ant, Cardiocondyla
obscurior, and the generalist fungal pathogen, Metarhizium robertsii, we find that colonies
show remarkable recovery potential, particularly when the pathogen burden and the
mortality of either caste are kept below critical levels. Using infection trajectories, we identify
three types of colony level infections, 1) infections that are cleared, 2) persistent infections,
and 3) infections that lead to death. We break these down further into characteristic phases,
1) early social immunity, 2) change in health, 3) pathogenesis/ clearance, and 4) colony
recovery or death.

ABSTRACT
Aamir Lal - Sungkyunkwan University – South Korea
Infectivity and reconstitution of faba bean necrotic yellows virus cloned
genome components in Vigna unguiculata.
Aamir Lal1, Vo Thi Bich Thuy1, , I Gusti Ngurah Prabu Wira Sanjaya1, Eui-Joon Kil2, and
Sukchan Lee1

1Department of Integrative Biotechnology, Sungkyunkwan University, Suwon 16419, Korea;
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Faba bean necrotic yellows virus (FBNYV) (genus Nanovirus; family Nanoviridae) has a
genome comprising eight individually encapsidated circular single-stranded DNA
components each of about 1 kb and encoding only one protein. Aphis craccivora and
Acyrthosiphon pisum are two insect vectors of FBNYV. It has frequently been reported
infecting faba bean (Vicia faba L.) and chickpea (Cicer arietinum L.) from Azerbaijan, Egypt,
Iran, Morocco, Spain, and Syria etc. In our study, 1.1-mers infectious clones of full-length
FBNYV DNAs were constructed. All eight DNAs were agro-inoculated for reproducing FBNYVlike symptoms in a crop “Vigna unguiculata” (cowpea). Cowpea is an important crop in the
semiarid regions across Africa and Asia and possesses tolerance for sandy soil and low
rainfall. Characteristic symptoms of FBNYV infection i.e., necrosis and leaf yellowing were
observed in the host plants i.e., cowpea. Following that, reconstitution of a fully infectious
nanovirus from its cloned DNAs was successfully done by using total extracted DNA as
template for PCR amplification with DNA segments specific primers, respectively. Southern
blot hybridization was accomplished as well using [32P]-radiolabeled PCR amplified products
of 1 kb of DNA R (Rep), DNA S (capsid protein) as probe that showed the typical doublestranded and single-stranded appearance of the respective DNAs. So, in this study, we are
introducing a new simple and efficient nanovirus infectious clones construction method
which can be valuable in understanding the intriguing aspects of nanoviruses.

ABSTRACT
Chrystelle Lasica - University of Perpignan - France
Is the cercarial emission rhythm of the parasite Schistosoma mansoni
circadian ?
Chrystelle Lasica1, Gabriel Mouahid1*, Frédéric Chevalier2, Winka Le Clec’h2, Cristian
Chaparro1, Christoph Grunau1, Tim Anderson2, Hélène Moné1*
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Schistosomiasis is a neglected tropical disease caused by parasitic flatworms that ranks
second behind malaria in terms of human suffering in the tropical and subtropical areas. The
life cycle includes a vertebrate host where sexual reproduction occurs and a snail vector
where an asexual multiplication occurs. Transmission from the snail to the human host occurs
in fresh waterbodies: hundreds of cercariae emerge daily from infected snails, and these
larvae actively seek and penetrate skin of the vertebrate host. Cercarial emergence from
infected snails follows a daily rhythm matching with the behavior of the targeted vertebrate
host. For instance, Schistosoma mansoni, which causes intestinal schistosomiasis, is found in
two different populations: (i) one adapted to the human host that mainly emerges from the
infected snail with a peak around midday (diurnal chronotype) and (ii) one adapted to the
nocturnal rodent, Rattus rattus, that mainly emerges from the infected snail during the night
with a peak at 7 or 8 pm (nocturnal chronotype). The aim of this study was to determine if the
rhythm of the nocturnal phenotype is, or is not, circadian (i.e.= a rhythm that can persist
under constant conditions). To answer this question, we analyzed the cercarial emergence
pattern hourly under constant darkness for 12 days, followed by an equilibrated photoperiod
for 6 days. The results showed that cercarial emission did not present any rhythm during the
total darkness period. The cercarial emission rhythm was recovered as soon as the
photoperiod was restored. In parallel, we analyzed the cercarial emergence pattern hourly
after switching the photoperiod from 12hr light-12hr dark to 12hr dark-12hr light. The results
confirmed that cercarial emission remained predominantly nocturnal as soon as the switch
was made. We conclude that the cercarial emission rhythm of the nocturnal S. mansoni
chronotype does not follow a circadian rhythm, suggesting the absence of a canonical
internal clock and the presence of an alternative mechanism for timing of cercarial
emission.* Authors contributed equally.
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Quantifying protein diversity in rapidly evolving genomes
Erik Lavington, Siobain Duffy
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1While RNA and ssDNA virus population are often described as ‘diverse,’ there has been
limited quantification of this diversity to compare groups of viruses over all but short
evolutionary timescales (i.e., before measures of nucleotide diversity become saturated).
Given the high nucleotide substitution rates of many viruses, logically we should focus on the
level of amino acids. Indiaed, several measures of protein diversity have been developed
and implemented. However, these methods are used largely to measure diversity along the
primary protein structure to predict attributes of the secondary, tertiary, and quaternary
structure. We would like to make quantitative comparisons of protein diversity between
different proteins within a taxonomic group and between different taxa. Here, we explore the
behavior of Shannon Entropy (SE), Von Neumann Entropy (VNE), and DIVAA measures, as well
as average pairwise differences (APD) using amino acid identity and amino acid similarity
utilizing values from an amino acid substitution matrix, on the biallelic-locus level and at the
full-protein level with data from HIV-1. Based on theoretical maxima of these measures over
possible allele counts, we show that DIVAA and VNE measures are driven mostly by allele
counts at any frequencies. Using empirical data, we show that SE and APD (by identity and
by similarity) are more similar to each other (ρ=0.918,0.925,0.999, ρ<0.883 otherwise) and
DIVAA and VNE are more similar to each other (ρ=0.978, ρ<0.883 otherwise). We suggest that
an extension of average pairwise identity by incorporating biologically realistic amino acid
substitution matrices could be useful in quantitative comparisons between proteins within and
between taxa and that this measure may be helpful in better understanding evolvability in
quickly evolving genomes.
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Longitudinal surveillance of common viral and bacterial agents in commensal
wild birds around a French duck farm
Chloé Le Gall-Ladevèze (1), Benjamin Vollot (2), Laëtitia Lèbre (1), Jean-Luc Guérin (1), Julien
Cappelle (3), Guillaume Le Loc’h (1)
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Recent outbreaks of highly pathogenic avian influenza in Europe have questioned the
epidemiological role of commensal wild birds around poultry farms. To evaluate the
prevalence and dynamics of infectious agents in commensal wild birds, a longitudinal
surveillance study was implemented around a free-range duck farm in South-West France.
From 2019 through 2021, a total of 1731 wild birds were captured around the farm, and
sampled (blood, cloacal and oropharyngeal swabs). Furthermore, 207 fresh faeces of cattle
egrets visiting the farm were collected. Finally, domestic ducks were sampled (cloacal and
oropharyngeal swabs of 20 individuals) on 5 occasions, and environmental samples (mud
and wipes) were collected at the time of wild bird captures in the outdoor parks. Infections
by avian influenza viruses (AIV) and avulaviruses (NDV) were tested by broad spectrum PCR
and serologies. Broad spectrum PCR screenings were also performed for Chlamydiaceae
and coronaviruses.
Overall, 22 wild birds were seropositive (2.42%) and 8 were positive by PCR (0.41%) for AIV.
Low viral loads did not allow virus typing. Prevalences were lower for NDV, with 4 seropositive
birds (0.44%) and 6 PCR positive (0.31%). For Chlamydiaceae, 8 samples were positive (0.41%)
and identified as avian Chlamydia abortus and C. psittaci. No detection of coronaviruses
was obtained in wild birds. In comparison, domestic ducks and parks were positive for all of
the studied infectious agents, except avulaviruses. AIV were identified as H6 and H11
subtypes, Chlamydiaceae as C. psittaci of duck origin, and coronaviruses as waterfowl
gammacoronaviruses. Regarding the longitudinal pattern of infections, a few seroconversions
were observed in wild birds (4 individuals), showing active but sporadic circulation.
Detections and identifications of infections in wild birds seemed unrelated to domestic duck
infectious circulation, which suggested the very low transmissibility of avian infectious agents
at the wild-domestic interface.

ABSTRACT
Noémie Lefrancq - University of Cambridge - UK
Understanding whooping cough maintenance and spread across spatial
scales using genetic data
Noémie Lefrancq, Valérie Bouchez, Nadia Fernandes, Eupertstrain consortium, Sophie Guillot,
Julie Toubiana, Simon Cauchemez, Henrik Salje, Sylvain Brisse.

University of Cambridge and Institut Pasteur Paris

Bordetella pertussis (Bp), which causes whooping cough, infects >24 million individuals
annually with >160,000 deaths, mostly in young children. Fundamental questions remain
about how Bp is able to spread and be maintained in the presence of widespread
vaccination (typically >90%). Models informed by pathogen sequences can help. Here we
make use of a unique dataset of >3300 geolocalised whole genome sequences representing
23 countries (1935-2019). We build time-resolved phylogenetic trees. We observe countryspecific changing dynamics of the prevalence of different genotypes. We develop a fitness
model that quantifies the fitness of each genotype and identify a shift following the
implementation of the acellular vaccine. For pairs of cases occurring within the same year
but at different levels of spatial proximity (i.e., within/between French ‘Region’, country, or
continent) we estimate the relative odds of having a most recent common ancestor (MRCA)
within different temporal windows. We find that within a Region, only 0.7% pairs of cases
within the same year had closely related sequences (MRCA<2y). Nevertheless, there is strong
spatial structure: pairs of sequences from the same Region had 5.4 times the odds (95% CI:
3.3-8.8) of having an MRCA<1y compared to pairs coming from different ones. This fell to 1
(i.e., no difference) after three years, consistent with it taking three years for Bp to be wellmixed throughout France. Likewise, it takes 5-10 years for lineages to be well mixed between
countries, and 10-15 years between continents. By conditioning on spatial and temporal
location of sequences, this approach adjusts for underlying sampling biases. These findings
suggest that there are many Indiapendent transmission chains within any location with
widespread asymptomatic carriage. It also suggests Bp strains are able to spread both
nationally and internationally in just a few years. These findings have implications for infection
control and vaccination policies.
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Ecology of West Caucasian Bat Lyssavirus (WCBV) in a group of Schreibers'
bent-winged bats (Miniopterus schreibersii) from Italy and its spillover to a
domestic cat
Stefania Leopardi1, Dino Scaravelli2, Petra Drzewniokova1, Pamela Priori2, Giuseppe
Manna3, Andrea Lombardo4, Calogero Terregino1, Paola De Benedictis1 & the emergency
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1While Europe is mostly free from terrestrial rabies, five lyssaviruses circulate in bats that can
cause the same clinical disease in mammals.
On June 2020, we diagnosed a lyssavirus infection in a domestic cat from the city of Arezzo
(Italy) using immunofluorescence and molecular techniques. We characterized WCBV as
aetiological agent, showing high identity across the whole-genome with the sole other
isolate, founded in 2002 from a Schreibers' bent-winged bat in Russia. To track the source and
triggers of infection, we investigated the possible interface between cats and bats using
bioacoustics analyses, camera trapping, and implemented active and passive surveillance in
bats.
Despite the bent-winged bat was not expected to either roost or feed in urban settings, we
identified a group of 20-350 individuals inhabiting a tunnel nearby the cat’s house between
August and November, and in April. Bioacoustics supported low foraging activity for this bat
upon the entrance, while camera-traps showed frequent access of cats. Bent-winged bats
showed antibodies specifically neutralizing WCBV in both seasons, but no virus in salivary
swabs. Carcasses collected across the country regardless of the species were negative for
the infection, while the cardiac exudate of bent-winged bats collected from the Veneto
region reacted against WCBV.
Overall, these results showed that WCBV circulates in Italian bent-winged bats and spilled
over a domestic cat in Arezzo, further supporting its role as reservoir host. Fortunately, our
data suggest that chances for virus transmission are reduced by the low prevalence of viral
shedding and by the behaviour of these bats, which do not forage at the entrance and use
this urban site only as transient roost during their migration between the hibernacula and the
reproductive sites. In addition, this case confirmed that free-ranging cats are a potential
hazard for public health other than for the conservation of bats.

ABSTRACT
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A space-time model for inferring a susceptibilty map for an infectious disease
based on outbreak data
Xiaoxiao Li, Matthew Ferrari, Murali Haran
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The space-time spread of infectious disease in geographical units depends on both
transmission between neighboring units and the intrinsic susceptibility of each unit to an
outbreak. Spatially correlated susceptibility may arise from known factors, such as population
density, or unknown (or unmeasured) factors such as commuter flows, environmental
conditions, or health disparities. We propose an infectious disease modeling framework that
accounts for both space-time transmission and susceptibility. We model the unknown,
spatially correlated susceptibility as a Gaussian process. We show that the unknown
susceptibility surface can be estimated from observed, geo-located time series of infection
events and use a projection-based dimension reduction approach which improves
computational stability and speed. We apply this method to foot-and-mouth disease
outbreaks in Turkey to identify spatial hot spots of susceptibility. We further identify this method
on the well known measles outbreaks data in England and Wales in the pre-vaccine era and
show that the resulting susceptibility surface is strongly correlated with population size,
consistent with prior analyses.
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Virulence evolution of infectious hematopoietic necrosis virus post-host jump
Malina M. Loeher, Andrew R. Wargo
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How does a virus evolve following a host jump? Virulence is defined as host mortality due to
pathogenic infection, and virulence evolution theory posits that viruses will evolve towards
intermediate virulence. However, few studies have tested this theory, and none in aquatic
host-pathogen systems. Research on this topic is urgently needed to aid infectious disease
management practices in the rapidly expanding industry of fish farming. Farmed finfish are
experiencing novel environmental conditions which may in turn exert different evolutionary
drivers on their pathogens. Infectious hematopoietic necrosis virus (IHNV), is a lethal, OIEreportable disease that affects all members of the Salmonidae fish family and is prevalent in
rainbow trout (Oncorhynchus mykiss) aquaculture worldwide. IHNV is endemic to the Pacific
Northwest region of North America, co-evolved with sockeye salmon (O. nerka) in wild
settings, and jumped hosts in fish farms during the mid-20th century. Since its host jump, IHNV
has rapidly diversified both geographically and genetically, and now poses a significant
challenge to juvenile fish in aquaculture. In experimental settings, we used 15 IHNV genotypes
to examine how virulence evolved in both the ancestral and novel hosts, (sockeye salmon
and rainbow trout). The 15 viruses were selected to represent the genetic diversity of IHNV
across five decades as it jumped hosts and subsequently evolved within aquaculture settings.
Results suggest that IHNV genogroups are highly host-specific, but not temperature-specific.
In the novel host, virulence appears to be increasing among emergent genotypes, and
recently emerged genotypes have lost virulence in the ancestral host. These data suggest
virulence evolution may be governed differently in aquaculture compared to natural,
terrestrial or theoretical settings.

ABSTRACT
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Global vaccination against SARS-CoV-2. Where and how: the impact of new
stains.
Leonardo López, Xavier Rodó

Barcelona Institute for Global Health

Since its appearance in the Chinese province of Hubei in November 2019, SARS-CoV2 or
COVID-19 has hit every region of the planet with consequences that have been
overwhelming, both from a public health point of view with the saturation of health systems
throughout the world, as well as for the world economy since it has forced the vast majority of
countries to impose sanitary restrictions that affect economic activity. With the development
of different vaccines, the outlook seems more encouraging but new doubts are raised about
its coverage at a global level. The gap between developed and underdeveloped countries
poses a scenario of uncertainty at the global level with the possibility of the emergence of
new and more contagious viral strains if vaccination is delayed in the most lagging nations. In
a globalization scenario, this possibility raises a problem that is no less important.
In this work, we present a network-based model to study the global spread of SARS-CoV-2
and the potential for new strains of the virus to emerge. The model contemplates the
application of vaccines as well as non-pharmacological control measures such as
confinement and quarantine. The proposed model also incorporates climate variables such
as temperature in order to evaluate the environmental modulation of the infection rate. We
use real epidemiological data and vaccination data at a global scale in order to calibrate
the approach. This model is used to study different vaccination scenarios in order to establish
the best global vaccination strategy and thus reduce the chances that more virulent strains
may break out in the near future.
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Tracking the elimination of rabies from Pemba Island, Tanzania
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Rabies has circulated on Pemba Island, off the Tanzanian mainland, since the late 1990s. In
2010, a rabies elimination program was initiated in southeast Tanzania including Pemba. We
investigated transmission dynamics in response to dog vaccinations as rabies was eliminated
from Pemba.
We used active contact tracing building upon routine surveillance of animal bite injuries to
identify rabid animals, human rabies exposures and deaths, as well as government census
data and post-vaccination transects to estimate the dog population size and vaccination
coverage over time. We combined these data to construct transmission trees and infer the
effective reproduction number (Re).
Rabies incidence declined from 42 probable dog cases in 2010 prior to mass dog
vaccinations to just two in 2014 when dog vaccination lapsed. Over the same period rabies
exposures declined from 32 in 2010 to two in 2014 and rabies was not detected from May
2014 until June 2016. Whole genome sequencing indicated that viral introductions from the
Tanzanian mainland in both 2016 and 2017 caused the outbreak, involving 28 dog rabies
cases in late 2016 and 66 cases in 2017, corresponding to 35 and 126 human exposures
respectively. Between 2010 and 2017, six human rabies deaths were recorded. Emergency
dog vaccination was undertaken in response, with campaigns completed every year since
late 2016. In 2018 only 8 rabid dogs were detected and 19 rabies exposures, with no
transmission recorded since October 2018.
We found that improved vaccination coverage over consecutive campaigns, led to declines
in Re, with four campaigns sufficient to repeatedly eliminate rabies from this small population
(<4,000 dogs). However, lapsed vaccinations together with movement of incubating animals
from the mainland allowed rabies to re-establish. Continued surveillance and investigations
of biting incidents are critical to ensure that any new incursions are controlled and freedom
from rabies is maintained.
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Comparative Genomics of Bee-Loving Fungi Provides Clues to The Evolution of
Entomopathogenicity in Ascosphaera spp.
Jessica Maccaro & Felipe Moreira Salgado (co-first), Ellen Klinger, Magda Argueta Guzmán,
Lyna Ngor, Jason Stajich & Quinn McFrederick (co-corresponding)
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Ascosphaera (Eurotiomycetes: Onygenales) is a diverse genus of Fungi that is exclusively
found in association with bee nests and comprises both saprophytic and entomopathogenic
species. To date, most genomic analyses have been focused on the honey bee pathogen A.
apis, and we lack a genomic understanding of how pathogenesis evolved in the genus. To
address this gap we sequenced the genomes of the leaf-cutting bee pathogen A.
aggregata as well as three commensal species: A. pollenicola, A. atra and A. acerosa. We
carried out de novo annotation and comparison of the assembled genomes, including the
previously published genome of A. apis. To identify candidate virulence genes in the
pathogenic species, we performed secondary metabolite-oriented analyses and clustering
of biosynthetic gene clusters (BGCs). Additionally, we captured single copy orthologs to infer
the phylogeny and create codon-aware alignments to determine orthologs under selective
pressure in our species. Our results show several shared BGCs between A. apis, A. aggregata
and A. pollenicola, with virulence and antifungal resistance related genes present in the bee
pathogens and commensals. Some of these genes exhibit signatures of positive selection in
the pathogens, including genes involved in carbohydrate metabolism, heat shock responses,
and ribosomal structure under a fitted branch-site model. We discuss fungal pathogenic
systems where the genes we found are relevant, emphasizing both primary and secondary
metabolism as a potential avenue to understanding the evolution of entomopathogenicity in
Ascosphaera. As metabolism appears to underlie pathogenicity, our data support the
proposal that A. pollenicola, A. acerosa and A. atra are opportunistic pathogens.
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Host phenology can select for multiple stable parasite virulence strategies
Hannelore MacDonald, Dustin Brisson
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Host phenology is an important driver of parasite transmission and evolution. Host seasonality
favors monocyclic parasites (parasites that complete one generation per season) with lower
virulence strategies such that all parasite progeny are released near the end of the host
season to limit parasite progeny death in the environment. Intuitively, host seasonality could
also select for higher virulence strategies in polycyclic parasites that can complete several
generations within the host activity period. We develop a mathematical model of a disease
system with seasonal host activity to study the evolutionary consequences of host phenology
on parasite virulence strategies. Seasonal host activity patterns create multiple, evolutionary
stable virulence strategies separated by less-fit strategies (evolutionary repellors). The
evolutionary stable strategy (ESS) that evolves in each system is a function of the virulence
strategy of the parasite introduced into the system. The trait value of the optimal virulence
strategies is determined by two aspects of host phenology: the duration of the host activity
period and the distribution in the time at which hosts first become active within each season.
Longer host activity periods and more synchronous host emergence drive all evolutionary
stable virulence strategies towards lower virulence. The results demonstrate that host
phenology can, in theory, maintain diversity in virulence strategies among isolated
geographic locations.
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Unifying Birth-Death Phylodynamic Models
Ailene MacPherson, Stilianos Louca, Angela McLaughlin, Jeff Joy, Matt Pennell
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As the availability of viral genome sequences from outbreaks increases so too has the
application “phylodynamic methods”. These methods which estimate epidemiological
dynamics from the evolutionary diversification of viral genome sequences provide a near
real-time description of viral dynamics and hence are an important public health tool. Owing
to their utility, the number and complexity of such methods has increased rapidly, shaped by
both biological applications and computational feasibility. Here we unify, summarize, and
extend the existing range of approaches with a single concise framework. This framework
which consists of 6 mathematical steps, provides 1) a method for deriving a general model, 2)
a method for re-deriving existing models thereby clarifying their assumptions, and 3) a
foundation from which to examine the mathematical robustness of this class of methods.

ABSTRACT
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Contact surveys reveal heterogeneities in age-group contributions to SARSCoV-2 dynamics in the United States
Taylor Chin, Dennis Feehan, Caroline Buckee, Ayesha S. Mahmud
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The adoption of non-pharmaceutical interventions significantly affected person-to-person
contact rates over the course of the COVID-19 pandemic. Despite their importance to the
epidemiology of COVID-19, empirical estimates of age-structured contact rates in the United
States throughout the pandemic are lacking. Knowledge of how contact rates differ across
localities in the United States is also limited. To this end, we conducted the Berkeley
Interpersonal Contact Survey (BICS), which consisted of six waves of contact surveys between
March 22, 2020 and February 15, 2021 nationally and in 6 metropolitan designated market
areas (DMA) in the United States. We find similar steady increases in the mean and median
number of contacts across these localities over survey waves. Although the median number
of reported contacts remained low over time across DMAs, the proportion of survey
respondents who reported a high number of contacts increased over time. We also find that
young adults between ages 18 and 35 reported more contacts on average and had less
assortative contact patterns compared to other age groups. We then use compartmental
models to simulate COVID-19 dynamics in each DMA, comparing models that use BICS
contact rate estimates versus alternative contact rate sources, including synthetic estimates.
Our simulations are able to capture observed differences in the proportion of cases by age
group over time, including an increase in observed cases among younger age groups.
Together these findings highlight the utility of repeated contact surveys in revealing
heterogeneities in the epidemiology of COVID-19 across the United States.
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BoHV-1 and BoHV-5 are closely related viruses that co-circulate in South America. Previous
reports have shown that recombine in natural conditions. Here, we obtained the complete
genome of A663 a natural recombinant virus between BoHV-1 and BoHV-5 by Illumina next
generation sequencing. Genome was obtained with good average coverage (>1000) and
submitted to the GenBank (Accession number MW829288). Complete genome sequence
have size of approximately 138.3 kb and a GC content of 75%. The genome structure
corresponds to the herpesvirus class D, whit 69 open reading frames (ORFs) arranged in the
same order as in other bovine alphaherpesviruses. The genome were included in
recombination network studies indicating statistically significant recombination evidence
both based on the whole genome, as well as in the sub-regions. A new recombination event
was found. The is of the 6637 nt and includes the UL13, UL12, UL11, UL10 and UL9 ORFs, it could
have originated Indiapendently of the first event located in the gB and previously reported
(Maidana et al, 2017). One recombinant breakpoint is within the reading frame of the
helicase (UL9), originating a chimeric enzyme, 50% encoded by BoHV-5 and 50% by BoHV1.2b. The identity with his parents is 96.8 and 96.3% for BoHV-5 and BoHV-1 respectively. In vitro
characterization suggests that the recombinant virus have delayed exit from the cell
compared to parental strains. However, It produce the same viral titer as their possible
parents suggesting the accumulation of viral particles and the exit of the cell are only
delayed on time. Despite the difference, the natural recombinant virus have been
maintained in the bovine herd for more than 30 years, indicating that recombination could
be playing an important role in the natural diversity of these viral species. These results
highlights the importance of studying the diversity of natural viral populations at the level of
complete genomes and determining the role that homologous recombination play in the
structure of these viral populations that allows us to predict the evolutionary behavior of these
viruses, thus detecting future threats to animal and human health.
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Investigating model alternatives for acute HIV infection
Ellie Mainou, Jessica Conway
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The standard viral dynamics model explains HIV viral dynamics during acute infection
reasonably well. However, the model makes simplifying assumptions, neglecting some
aspects of HIV pathogenesis. For example, in the standard model, target cells are infected by
a single HIV virion. Yet, cellular multiplicity of infection (MOI) may have considerable effects in
pathogenesis and viral evolution. Further when using the standard model, we take constant
infected cell death rates, simplifying the dynamic immune responses. Here, we use four
models—1) the standard viral dynamics model, 2) an alternate model incorporating cellular
MOI, 3) a model assuming density-dependent death rate of infected cells and 4) a model
combining (2) and (3)—to investigate acute infection dynamics among study participants in
the RV217 dataset. We find that all models explain the data, but different models describe
differing features of the dynamics more accurately. For example, while the standard viral
dynamics model may be the most parsimonious model, viral peaks are better explained by a
model allowing for cellular MOI. These results suggest that heterogeneity in within-host viral
dynamics cannot be captured by a single model but depending on the aspect of interest, a
corresponding model should be employed.
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Engineered resistance in Anopheles stephensi to antimalarial effectors-Effect
on Plasmodium development and evolution.
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Malaria transmitted by Plasmodium falciparum progresses through various developmental
stages within the Anopheles sp. and can be transmitted to humans by female Anopheles
mosquitoes. In view of the efforts towards the global eradication of malaria, population
modification of the vector mosquito populations by efficient introgression of antimalarial
gene(s) is being explored.
A previously characterized dual effector transgenic Anopheles stephensi mosquito line
expressing single chain antibodies namely m2A10-m1C3 targeting Plasmodium antigens
namely Circumsporozoite protein (CSP) and Chitinase, was challenged with rodent parasite
Plasmodium berghei, chimeric for Plasmodium falciparum CSP antigen.
Further, these infected transgenic mosquitoes were fed on to to infect a naïve mouse and the
reinfected parasite was harvested at every infection cycle for four subsequent generations.
Across the four generations, there was a delay observed in the appearance of the parasite
upon reinfection.
The study successfully establishes an invitro experimental evolution model which can be used
to evaluate risk associated with mosquito transgenesis for the probable genetic changes in
the Plasmodium antigen(s) upon the multigenerational crosstalk with the single chain effector
antibodies expressed in the transgenic Anopheles stephensi.
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Immune signaling network evolution under selection by parasites
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The immune system is a vital piece of organismal survival, but it is both complex and costly to
maintain meaning organisms must balance immune resource investment with the cost of
infection. From a theoretical perspective an optimal immune defense is one that carefully
balances investment in constitutive and inducible components of defense, but parasite
manipulation of signaling components can interfere with optimal transduction of inducible
responses. How does coevolution drive optimal immune signaling network architecture, in
terms of signaling component number, connectedness, and path redundancy, when
components are under different constraints or cost structures? To answer this question, we
modeled a fixed population of host immune systems as they were infected by a population
of simultaneously evolving parasites. We tracked network complexity, the behavior of
parasite targets, and immune response type to determine what factors constrain inducible
responses. Our results suggest that network architectures that produce inducible immune
responses are associated both with complex development requirements and tend to be
susceptible to sabotage by parasitic antagonists. These results could lead to a better
understanding of selective pressures, including trade-offs between resource investment and
fitness, that drive the diversity of immune signaling networks across plants and animals.
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Specific genetic background is required for acquisition of virulence genes in
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Introduction. Escherichia coli is one of the most important pathogens associated with
gastroenteric diseases. E. coli enteric infections have a different pathogenesis. This
phenomenon results from the wide range and combination of virulence factors (VF) in
pathogenic E. coli strains. Virulence factor patterns allow the classification of E. coli in
different pathotypes (intestinal and extraintestinal). Many of these virulence genes have
been acquired through a horizontal gene transfer process (HGT). Acquisition of these genes
has been associated with variations in the serogroup, phylogroup, and other genetic
determinants. However, these associations are not clear, whereas the presence of virulence
genes in some strains seems to be a random process. The study of pathogenesis evolution in
wild-type strains recovered from natural microenvironments represents an opportunity to
understand the molecular determinants associated with virulence gene transfer. Material and
methods. In this study, 123 strains of E. coli with one or more virulence genes were isolated
from bison, and carnivores were used. The phylogroups were determined using the
methodology carried out by Clermont. The serogroups of each strain were determined by
using standard procedures. The rpoD sigma factor was analyzed by High Resolution Melting
to identify possible genetic variants to associate them with a particular virulence gene
pattern. Results. Correlation analysis showed that the serogroup and the phylogroup could
not establish the presence of virulence genes in all strains analyzed in this study. High
resolution melting analysis revealed the presence of genetic variants of rpoD sigma factor in
E. coli strains. A principal component analysis showed that virulence gene patterns were
associated with these genetic variants of the rpoD sigma factor. Conclusions. In this study, the
presence of virulence genes was associated with genetic variants in the rpoD sigma factor,
suggesting that genetic variations in different transcriptional factors (genetic background)
could be necessary to acquire virulence genes.
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The Infectious Matrix: using vector-derived DNA and metabarcoding to
investigate host, vector, and parasite communities across gradients of tropical
forest loss and increasing agricultural matrix
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1Land-use patterns may affect disease risk via changes in biodiversity. A prevailing theory, the
dilution effect, posits that an overall decrease in biodiversity leads to an increase disease risk.
However, due to ecological complexities, there is debate as to whether there exists a
generalizable effect of land-use change and biodiversity loss on increased disease risk. Using
emerging sampling techniques that both increase the efficiency of empirical data collection
and directly provide measures of species diversity and interactions is one way to increase our
understanding of the effects of land-use change. Here, we piloted using DNA
metabarcoding of vector bloodmeals to disentangle the complex relationships between
Leishmania parasites, the known vector species, and the potential wildlife hosts, across an
active deforestation gradient in the southern Amazon. By combining a large quantity of
sample-level host and vector incidence data with landscape metric data, we measured
species responses to land-use change. We found that host and vector responses to
deforestation were nuanced and an overall low incidence of Leishmania species. The
probability that a sandfly pool contained a vector and the detection of the dominant sandfly
vector, Nyssomyia umbratilis, were decreased as deforestation increased, counter to the
hypothesis that vector amplification occurs in response to deforestation. We found increased
prevalence of domestic dogs and Dasypus novemcinctus with increased deforestation,
however we found reduced prevalence of D. kappleri and other sylvatic hosts with increased
deforestation such that overall host prevalence was not significantly related to deforestation.
Thus, a generalizable effect of land-use change on host and vector communities was
clouded with complexity due to varied individual species responses to deforestation.
However, utilizing powerful molecular methods, such as DNA metabarcoding, combined with
data collected at a large spatial scale helped improve our mechanistic understanding of the
winners and losers in response to tropical deforestation.
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No pre-zygotic isolation mechanisms between Schistosoma haematobium
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Species usually develop reproductive isolation mechanisms allowing them to avoid
interbreeding. These preventive barriers can act before reproduction, “pre-zygotic barriers”,
or after reproduction, “post-zygotic barriers”. Pre-zygotic barriers prevent unfavourable
mating, while post-zygotic barriers determine the viability and selective success of the hybrid
offspring. Hybridization in parasites and the underlying reproductive isolation mechanisms
maintaining their genetic integrity have been overlooked. Using an integrated approach this
work aims to quantify the relative importance of pre-zygotic barriers in Schistosoma
haematobium x S. bovis crosses. These two co-endemic species cause schistosomiasis, one of
the major debilitating parasitic diseases worldwide, and can hybridize naturally. Using mate
choice experiments we first tested if a specific mate recognition system exists between both
species. Second, using RNA-sequencing we analysed differential gene expression between
homo- and hetero-specific pairing in male and female adult parasites. We show that homoand hetero-specific pairing occurs randomly between these two species, and few genes in
both sexes are affected by hetero-specific pairing. This suggests that i) mate choice is not a
reproductive isolating factor, and that ii) no pre-zygotic barrier except spatial isolation “by
the final vertebrate host” seems to limit interbreeding between these two species.
Interestingly, among the few genes affected by the pairing status of the worms, some can be
related to pathways affected during male and female interactions and may also present
interesting candidates for species isolation mechanisms and hybridization in schistosome
parasites.
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Cholera was first introduced into the Democratic Republic of Congo (DRC) in the early 1970s
and become endemic in the Great Lakes Region by 1978. Although cholera now appears to
be endemic in the DRC, the paucity of studies on V. cholerae have prohibited drawing a
definitive conclusion on whether or not the cholera outbreaks occurring since 1978 are of
indigenous origin. We used whole-genome sequencing and Bayesian phylogeography to
characterize 24 V. cholerae isolates collected in the Great Lakes Region between 2015 and
2017. We show that the DRC epidemic consisted of three sub-epidemics, with the most recent
and successful one being of Inaba serotype. A novel ICP1 bacteriophage genetically distinct
from previous isolates detected in Asia as detected in the stool of cholera patients. Our results
support the model whereby toxigenic V. cholerae O1 and an associated clone of the virulent
phage, ICP1, spread to the DRC in the 1990's and have since established a stable reservoir
and predator-prey pair dynamic. Surprisingly PLE and CRISPR-Cas were not found in the V.
cholerae DRC isolates, while instead increased its fitness landscape by accumulating diversity
in the O1 antigen biosynthetic genes. Moreover, we propose a novel on/off genetic switch
for resistance that involves only two genes, MdtA and VC0243 genes, that may impose less
additional fitness cost on their host as compared to maintaining large accessory genome
elements like the PLE and CRISPR-Cas that requires extra energy. Continuous monitoring of
toxigenic V. cholerae and predator ICP1 phage in both patient stools and aquatic
environments in the DRC, and elsewhere, would provide additional support for our hypothesis,
and could provide invaluable epidemiological data for monitoring the spread of cholera and
the potential for new outbreaks in the DRC and surrounding countries.1
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1Endophilous ticks live in specific microhabitats used by their hosts, assuring both the
presence of appropriate bloodmeal hosts and suitable environmental conditions for the offhost period. Most tick species of the family Argasidae (soft ticks) have adopted this lifestyle.
As a consequence, and in combination with their short bloodmeal times, these ticks are
expected to have a low overall propensity to disperse, limiting their circulation and that of
the infectious agents they carry. Modeling at large spatial scales, when ticks depend
exclusively on their host for dispersal, has suggested that this is Indiaed the case. Movement
and pathogen transmission at small scales, when tick dispersal can be both host dependant
and Indiapendent, has not been investigated in this tick family. Here, we examined small
scale movements in soft ticks using the colonial seabird tick Ornithodoros maritimus as a
model system. We studied tick movement within a colony of Yellow-legged gulls Larus
michahellis in two ways: 1) using data from individually marked ticks and multi-state capturerecapture modeling and 2) using genetic data from a series of SNP markers to measure tick
gene flow across the colony. We then combined this information with data on the infection
status of ticks for a series of known infectious agents. Our results demonstrate the critical
importance of considering vector behaviour throughout the year in order to understand both
their local population dynamics and infection risk. This small scale data can now be
integrated into models to better understand and predict patterns of tick and pathogen
circulation at larger scales and to contrast predictions from hard tick species.
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magnitude, timing, and efficacy
Coby A. McDonald (a), C. Guilherme Becker (b), Carolina Lambertini (c), L. Felipe Toledo (c),
Célio F.B. Haddad (d), Kelly Zamudio (a)
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Infectious diseases of wildlife continue to pose a threat to biodiversity worldwide, yet
pathogens are far from monolithic in virulence. Within the same pathogen species, virulence
can vary considerably depending on strain or lineage, in turn eliciting variable host responses.
One pathogen that has caused extensive biodiversity loss is the amphibian-killing fungus,
Batrachochytrium dendrobatidis (Bd), which is comprised of a globally widespread
hypervirulent lineage (Bd-GPL), and multiple geographically restricted lineages. Whereas host
immunogenomic responses to Bd-GPL have been characterized in a number of amphibian
species, immunogenomic responses to enzootic Bd lineages are unknown. To examine
lineage-specific host immune responses to Bd, we exposed the pumpkin toadlet
(Brachycephalus pitanga), which is enzootic to Brazil’s Southern Atlantic Forest, to either the
Bd-GPL or the enzootic Bd-Brazil lineage. We quantified functional immunogenomic
responses over the full time course of infection using differential gene expression tests and
coexpression network analyses. Host immune responses varied significantly with Bd lineage.
Whereas Bd-Brazil+ frog responses peaked by mid-stage infection and were fully resolved by
late-stage disease, Bd-GPL+ frog responses were magnified and delayed. Given that
infection intensity did not vary between mid- and late-stage disease, this suggests that
pumpkin toadlets may be at least partially tolerant to enzootic Bd-Brazil, with which they have
coevolved for at least 100 years. In contrast, late-stage immune activation against Bd-GPL
was not protective, and was consistent with immune dysregulation previously observed in
other species. Our results demonstrate that both the timing of immune response and the
particular immune pathways activated are specific to Bd lineage. Within regions where
multiple Bd lineages co-occur, and given continued global Bd movement, these differential
host responses may influence not only individual disease outcome, but transmission dynamics
at the population and community level.

ABSTRACT
Brian McKay - University of Georgia - US
Virulence-mediated infectiousness and activity trade-offs and their impact on
transmission potential of influenza patients
Brian McKay, Mark Ebell, Ariella Perry Dale, Ye Shen, Andreas Handel

Department of Epidemiology and Biostatistics, The University of Georgia, Athens, GA, USA

Communicable diseases are often virulent, i.e., they cause morbidity symptoms in those
infected. While some symptoms may be transmission-enhancing, other symptoms are likely to
reduce transmission potential. There is limited data regarding the potential impact of
virulence on transmission potential. We performed an exploratory data analysis of 324
influenza patients at a university health center during the 2016/2017 influenza season. We
classified symptoms as infectiousness-related or morbidity-related and calculated two scores.
The scores were used to explore the relationship between infectiousness, morbidity
(virulence), and activity level. We found a decrease in activity level with increasing morbidity
scores. There was no consistent pattern between activity level and infectiousness score. We
also found a positive correlation between morbidity and infectiousness scores. Overall, we
find that increasing virulence leads to increased infectiousness and reduced activity,
suggesting a trade-off that can impact overall transmission potential. Our findings indicate
that a reduction of systemic symptoms may increase host activity without reducing
infectiousness. Therefore, interventions should target both morbidity and infectiousness
related symptoms to reduce overall transmission potential. Our findings can also inform
simulation models that investigate the impact of different interventions on transmission.

ABSTRACT
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Fundamental identifiability limits of phylodynamic birth-death models
Stilianos Louca[1,2], Angela McLaughlin[3,4], Ailene MacPherson[5,6,8], Jeffrey B. Joy[3,4,7],
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Viral phylogenies provide crucial information on the spread of infectious diseases, and many
studies fit mathematical models to phylogenetic data to estimate epidemiological
parameters such as the effective reproduction ratio (Re) over time. Such phylodynamic
inferences often complement or even substitute for conventional surveillance data,
particularly when sampling is poor or delayed. It remains generally unknown, however, how
robust phylodynamic epidemiological inferences are, especially when there is uncertainty
regarding pathogen prevalence and sampling intensity. Here we use recently developed
mathematical techniques to fully characterize the information that can be extracted from
serially collected viral phylogenetic data in the context of the commonly used birth-deathsampling model. We show that for any candidate epidemiological scenario, there exist a
myriad of alternative, markedly different and yet plausible “congruent” scenarios that cannot
be distinguished using phylogenetic data alone, no matter how large the dataset. In the
absence of strong constraints or rate priors across the entire study period, neither maximumlikelihood fitting nor Bayesian inference can reliably reconstruct the true epidemiological
dynamics from phylogenetic data alone; rather, estimators can only converge to the
congruence class of the true dynamics. We propose concrete and feasible strategies for
making more robust epidemiological inferences from viral phylogenetic data.

ABSTRACT
Taegan McMahon - Connecticut College - US
Freshwater snails and the green algae Cladophora are probably not hosts of
Batrachochytrium dendrobatidis
Taegan A McMahon, Caitlin L. Nordheim and Devin M Prokopiak

Connecticut College

Batrachochytrium dendrobatidis (Bd) is a pathogenic fungus that has devastated amphibian
populations globally by causing the disease chytridiomycosis. Batrachochytrium
dendrobatidis is capable of infecting non-amphibian hosts, such as crayfish, and has been
detected on reptile and bird species. Given the taxonomic heterogeneity in the known hosts
and vectors of Bd, it is likely that there is a diversity of undiscovered non-amphibian hosts of
the fungus. Here, we investigated whether Bd could survive on freshwater snails (Physella
acuta) and Cladophora algae. We exposed small and large snails (n = 15 snails/ size
category), Cladophora algae (n = 5), and artificial spring water controls (ASW; n = 5) to live
Bd. We also maintained Bd-free control snails (n = 5 snails/size category) in ASW. All
treatments were maintained for 7 weeks at 18°C. Mortality was checked three times a week,
snails were weighed every 2 weeks, and 7 weeks after exposure, the snails, algae, and water
were tested for Bd using quantitative polymerase chain reaction. We found that Bd did not
grow on live snails, algae, or ASW long term. Additionally, live snails (n = 20) collected from
Bd-positive ponds in California were all negative for Bd, as well. Given that we found no Bd
on the experimentally exposed or field swabbed snails, snails are probably not a reservoir host
of Bd. While negative results are often not published, Bd is one of the deadliest pathogens on
earth; it is essential to know what is and is not capable of maintaining Bd for well-designed
disease models.

ABSTRACT
Estela Mendez - Universidad Autónoma Metropolitana,
Xochimilco. - Mexico
Characterization of Salmonella strains isolated from wild carnivores in Janos
Biosphere Reserve, Mexico.
Jonathan J. López-Islas, Daniel Martínez-Gómez, Andrés M. López-Pérez, Libertad Orozco,
Gerardo Suzan and Estela T. Méndez-Olvera
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Microorganisms of the genus Salmonella sp. are considered one the most important zoonotic
pathogens. These microorganisms have been isolated from a wide range of domestic and
free-range animals, including wild carnivores. This study analyzed the frequency of Salmonella
spp. in carnivores from Janos Biosphere Reserve, Mexico. During autumn and spring, 55
individuals were sampled, and bacteriological and molecular methods determined the
presence of Salmonella. Eight different species of carnivores were captured, including
Coyotes (Canis latrans), Gray fox (Urocyon cinereoargenteus), Desert foxes (Vulpes macrotis),
Striped skunks (Mephitis mephitis), Hooded skunks (Mephitis macroura), Lynxes (Lynx rufus),
Raccoons (Procyon lotor) and Badgers (Taxidea taxus). Results obtained showed Salmonella
sp. presence in all species in both seasons. The frequency of Salmonella with molecular
methods was 43.6% and 9.0% by isolation methods. Five Salmonella spp. strains were isolated,
and their molecular characterization revealed in three of them the presence of fimbrial and
virulence genes associated with cell invasion. In vitro evaluation of these strains showed their
capability to invade human Hep2 cells, even more than a reference Salmonella Typhimurium
strain. This study showed that wildlife animals could be a reservoir of Salmonella spp. and
could contribute to the persistence of bacteria in the environment. The epidemiological role
of wild carnivores in the spread of salmonellosis needs to be further studied.

ABSTRACT
Sandra Mendiola - Emory University - US
Competitive exclusion of plant pathogen by symbiotic bacteria within an
insect vector
Sandra Y Mendiola, David J Civitello, Nicole M Gerardo
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Many insects harbor microbial symbiotic partners that offer protection against pathogens,
parasitoids, and other natural enemies. Mounting evidence suggests that these symbiotic
microbes can play key roles in determining infection outcomes in insect vectors and can
either inhibit or facilitate pathogen transmission. We use the squash bug Anasa tristis and its
associated pathogens and symbionts to study how symbiotic microbes affect pathogen
infection outcomes. The squash bug is an agriculturally important pest of plants in the family
Cucurbitaceae and a known vector of Serratia marcescens, the causative agent of Cucurbit
Yellow Vine Disease (CYVD). Bacteria in the genus Caballeronia have a symbiotic relationship
with A. tristis, significantly accelerating their development and increasing their survival. We
hypothesized that association with Caballeronia affects the establishment and persistence of
S. marcescens in squash bugs. To test this, we reared insects aposymbiotically and with
different Caballeronia isolates, infected them with a phytopathogenic strain of S.
marcescens, then sampled them periodically to assess the intensity and status of pathogen
infection. Squash bugs harboring Caballeronia consistently had much lower-intensity
infections and cleared S. marcescens significantly faster than their aposymbiotic
counterparts. These patterns held true even when we varied the timing of exposure to
symbiont and pathogen. Our future work will address the mechanisms through which
pathogen and symbiont compete within the squash bug as well as the broader implications
of our findings on disease spread.

ABSTRACT
Diana Meza - University of Glasgow - UK
Rabies virus dynamics in vampire bats and spillover to livestock, analysis of
the role of multi-scale ecological factors
Diana, K. Meza, Nardus Mollentze, Alice Broos, Mafalda Viana, Daniel. G. Streicker
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The study of transmission dynamics of bat zoonotic viruses aims to reduce risks to humans or
domestic animals but are notoriously challenging. The transmission dynamics depend on
diverse factors which act at individual, population, and landscape levels, and can rarely be
studied in unison over epidemiologically relevant temporal scales. We combined data from a
10-year, spatially replicated sero-survey of Peruvian vampire bats with an epidemiological
dataset comprising hundreds of rabies outbreaks in livestock to identify ecological factors
that drive rabies transmission in bats. By using data from resampled bats, we explored
patterns of seroconversion and the influence of different factors on the rate of antibody.
Additionally, we tested whether observed levels of infection in bats predicts spillover risk to
livestock. Analyses of serological data revealed spatiotemporally correlated patterns of
rabies exposure in bats, supporting complex geographically partitioned transmission cycles.
Seroprevalence was partly explained by landscape level factors but largely Indiapendent of
bat features, suggesting similar patterns of exposure among demographic groups during
periods of local viral circulation. By studying 427 resampled bats over our study period, we
observed long-term survival of rabies-exposed bats and antibody waning. We found the
antibody loss rate in the presence of non-vampire bat species was lower, pointing to
antibody boosting through cross-species exposures or environmental effects on immunity in
areas of higher bat diversity. Finally, observed seroprevalence in bats significantly predicted
rabies spillover to nearby livestock, highlighting the need for better understanding of both
patterns of infection within bats and other barriers implicated into spillover. These findings
refine the factors determining rabies transmission within and from vampire bats, an important
step towards upgraded management of this economically severe zoonosis.

ABSTRACT
Matthew Michalska-Smith - University of Minnesota - US
Using machine learning to relate contact network structure to the spread of
disease
Matthew J Michalska-Smith, Meggan E Craft

University of Minnesota

1Why does COVID-19 spread so rapidly in some places, yet slowly in others? One key to
answering this question is an understanding of how the structure of social contact networks
affects disease spread in a population. Past research has suggested that the structure of
social networks can have profound effects on the spread of disease. Some aspects of
network structure, such as the number of interactions and the skewness of the degree
distribution (the distribution of interactions per individual in the population), correlate with
larger, faster epidemics, while others, such as clustering or modularity (the tendency for
groups of individuals to mostly interact with other group members), correlate with reduced or
slower disease spread. In contrast to previous studies that have tended to look at one
measure of network structure in isolation, we utilize machine learning approaches to evaluate
the concomitant effects of multiple aspects of network structure on disease spread. This is
made possible by high-performance computing in which we simulate thousands of
epidemics spreading through a diverse collection of synthetic contact networks. The
outcomes of these simulations are then related back to each network's unique structural
properties to: 1) predict the rate and extent of disease spread on novel networks given their
structural properties, and 2) identify which network structures are most influential for disease
spread. By systematically associating network structures with their contribution to disease
spread, we gain insight that could ultimately be used to improve the efficiency and efficacy
of societal interventions to mitigate disease spread (for example by reducing structures that
increase levels of disease or increasing structures that reduce disease levels). In this poster, we
provide some preliminary results to these ends, as well as highlight several methodological
challenges involved in generalizing this approach.
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Aquaculture mediates global transmission of a viral pathogen to wild salmon’
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Global expansion of aquaculture and agriculture facilitates the emergence of novel diseases
and catalyzes transmission to sympatric wildlife populations. The health of wild salmon stocks
critically concerns Indigenous peoples, commercial and recreational fishers, and the general
public. Despite potential impact of viral pathogens such as Piscine orthoreovirus-1 (PRV-1) on
populations of endangered wild salmon, their epidemiology in wild fish populations remains
obscure, as does the role of aquaculture in global and local spread. Our phylogeographic
analyses of PRV-1 suggest that development of Atlantic salmon aquaculture facilitated
spread from Europe to the North and South East Pacific. Phylogenetic analysis and RT-PCR
surveillance further illuminate the circumstances of emergence of PRV-1 in the North East
Pacific and provide strong evidence for Atlantic salmon aquaculture as a source of infection
in wild Pacific salmon. PRV-1 is now an important infectious agent in critically endangered
wild Pacific salmon populations, fueled by aquacultural transmission.
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Preventing antimicrobial resistance evolution by inactivating daptomycin in
the gut
Valerie J. Morley, Clare L. Kinnear, Derek G. Sim, Samantha N. Olson, Lindsey M. Jackson, Elsa
Hansen, Grace A. Usher, Scott A. Showalter, Manjunath P. Pai, Robert J. Woods, Andrew F.
Read
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Clinical antibiotic use creates natural selection for antibiotic resistance, consequently fanning
the flames of the antimicrobial resistance crisis. A key challenge, then, is to figure out how to
use antibiotics therapeutically without driving the evolution of resistance. We recently
discovered one way to do that: an adjunctive therapy that can prevent resistance evolution.
We repurposed the drug cholestyramine, an FDA-approved bile acid sequestrant, as an ‘antiantibiotic’ to disable intravenous (IV) daptomycin reaching the gastrointestinal (GI) tract. In
mice, we demonstrated experimentally that co-administration of oral cholestyramine during
systemic daptomycin treatment prevented the emergence of daptomycin resistance in
gastrointestinal populations of patient-derived Enterococcus faecium. Thus, we prevented
resistance emergence in transmissible populations of E. faecium colonizing the gut, while
allowing antibiotic activity in the bloodstream, which is the target therapeutic site. Preventing
resistance evolution in the gut is important because E. faecium spreads through fecal
transmission. Therefore, gastrointestinal E. faecium are source populations for infection and
transmission in healthcare settings. Preventing resistance emergence in GI populations thus
protects treated patients from infection with resistant strains and prevents transmission of
resistant pathogens. E. faecium is one of several pathogens listed as ‘Urgent’ or ‘Serious’
Resistance Threats by the US Centers for Disease Control and Prevention (CDC) that colonizes
the GI tract asymptomatically, so this approach has the potential to significantly combat
antibiotic resistance in hospitals.

ABSTRACT
Alexandra Moskaluk - Colorado State University - US
Genotyping Microsporum canis from domestic felines across the United States
Alex Moskaluk, Erick Gagne, Sue VandeWoude
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Microsporum canis is a filamentous mold that commonly causes tinea capitis in children and
dermatophytosis (commonly known as ringworm) in domestic felines. Given the zoonotic and
highly contagious nature of this fungus, infections in animals can easily infect humans and
spread through populations. Though the full genome of M. canis has been assembled,
subtypes with enhanced virulence or other undesirable phenotypic characteristics have not
yet been identified. Identification of these genotypes is beneficial in disease outbreaks and
population management. Through this study, we have collected M. canis samples from
domestic felines from 5 locations across the US and collected clinical data related to these
samples. Using 8 microsatellite markers, we have identified over 30 different genotypes of M.
canis with certain genotypes being restricted geographically. Additionally, certain genotypes
are more frequently encountered in more severe dermatophytosis cases, suggesting a
potential difference in clinical presentation. Identifying the importance of M. canis genotypes
can help better understand outbreaks by linking cases to specific animals or geographical
regions.

ABSTRACT
Nadya Muchoney - University of Nevada, Reno - US
Use of an introduced host plant enhances resistance against densovirus
infection in a native insect herbivore
Nadya D. Muchoney [1], M. Deane Bowers [2], Adrian L. Carper [2], Mylene Ogliastro [3],
Angela M. Smilanich [1]

[1] Department of Biology, University of Nevada, Reno, USA; [2] Department of Ecology and
Evolutionary Biology, University of Colorado, Boulder, USA; [3] INRA, University of Montpellier,
France

Incorporation of introduced plant species into the diets of native insect herbivores is a
common phenomenon; however, herbivore performance is often reduced when utilizing
these novel host plants, compared to native host plants. Investigating the impacts of novel
host plant use on herbivore interactions with natural enemies may provide additional insight
into the evolutionary costs and benefits of dietary expansion. Here, we evaluated the
hypothesis that improved defense against infectious disease may facilitate herbivore
persistence on introduced plants that confer relatively poor developmental performance. To
address this hypothesis, we experimentally evaluated how use of an introduced host plant,
Plantago lanceolata, influenced interactions between a native herbivore, the white peacock
butterfly (Anartia jatrophae), and an entomopathogen that occurs naturally in A. jatrophae
populations, Junonia coenia densovirus (JcDV; Parvoviridae). A. jatrophae caterpillars were
reared on either P. lanceolata or a native host plant, Bacopa monnieri, and a subset of
individuals was orally inoculated with JcDV. We then measured three immune parameters,
along with development rate and mortality, in virus-challenged and control individuals. While
survival of unchallenged individuals did not differ between the two host plants, survival of
individuals challenged with JcDV was substantially higher when utilizing the introduced plant,
P. lanceolata. Individuals using P. lanceolata also exhibited lower viral loads than those using
the native plant, though immune performance did not differ between the two diets.
Additionally, JcDV-challenged individuals exhibited faster development, but lower pupal
weights, than controls. These results indicate that use of an introduced plant confers
increased resistance against JcDV infection in A. jatrophae, which may promote the
continued use of P. lanceolata in populations experiencing high JcDV pressure. Overall, these
findings illustrate that disease outcomes can differ markedly in herbivores utilizing different
host plant species, highlighting the importance of considering interactions with pathogens
within investigations of diet breadth evolution.

ABSTRACT
Courtney Murdock - Cornell University - US
In sickness and in health: female mate selection determines offspring immune
performance in the key mosquito vector Aedes aegypti
Christine Reitmeyer, Ash Pathak, Melinda Brindley, Laura Harrington, Lauren Cator, and
Courtney Murdock
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Aedes aegypti is an important vector of several pathogenic arboviruses including dengue,
chikungunya and Zika. Innovative approaches to control Aedes populations, involving
synthetic transgenic modifications as well as Wolbachia bacteria, appear promising. For the
various techniques requiring offspring inheritance of a trait, released males must successfully
compete for mating partners against wildtype males. However, very little is known about
mechanisms of mate selection in mosquitoes in general and in particular about potential
correlations between mating success and offspring immune performance. Harmonic
convergence signals have been proposed as a cue for females to predict male quality. We
investigated whether offspring of converging parental pairs showed differences in immune
competence compared to offspring derived from non-converging parental pairs using three
different types of immune assays. We found that offspring immune responses (melanization
response and response to a bacterial challenge) differed between offspring from converging
and non-converging parents. However, immune responses were shaped by several
interacting factors such as sex, age, reproductive status, and parental mating behavior.
Parental mating behavior had a stronger effect on the immune response of male offspring
than on female offspring. Further, a population of female offspring derived from converging
parental pairs reached their peak dengue virus dissemination rate earlier compared to a
population of offspring derived from non-converging parental pairs. Our results provide insight
into a wide range of selective pressures shaping mosquito immune function. Evolutionary
trade-offs between naturally and sexually selected traits can have important implications for
disease transmission and control and should be considered in the development of
reproductive control strategies.
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Consequences of experimentally elevated corticosterone on avian malaria in
captive Hawaiian passerines
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Challenging environments cause vertebrates to increase circulating glucocorticoids, resulting
in morphological, physiological, and behavioral changes that promote survival. However,
chronically elevated glucocorticoids can also suppress immunity and may increase a host’s
susceptibility to disease. Some evidence links chronically elevated corticosterone (the main
avian glucocorticoid) to a diminished ability to cope with avian malaria infections, but this
relationship has been explored in only a handful of hosts, all of which co-evolved with avian
malaria. The objective of our study was to explore relationships between corticosterone and
avian malaria infection in the Hawaii Amakihi (Chlorodrepanis virens), a songbird endemic to
Hawaii that first came into contact with the disease in the early 1900s. Corticosterone and
avian malaria (Plasmodium relictum) parasite load were measured in 40 captive adult male
Amakihi, and then corticosterone levels were manipulated using silastic implants for a period
of four days. Malaria infections were detected in a subset of birds (N = 8/40). Prior to
manipulation, malaria-infected birds had significantly lower corticosterone levels than did
uninfected birds (P = 0.040). This was surprising because previous studies on the same study
populations detected no relationship between corticosterone level and avian malaria
infection in free-living Amakihi. Corticosterone implants resulted in a significant increase in
circulating malaria parasites (P = 0.011) among infected birds, suggesting that elevated
corticosterone reduces the Amakihi’s ability to cope with avian malaria infection.
Understanding how glucocorticoids influence the susceptibility of wild animals to introduced
diseases provides new insight into the conservation and management of species threatened
by novel pathogens.

ABSTRACT
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Mechanical vectors amplify or dilute disease transmission depending on the
host dose-response relationship
Wee Hao Ng, Christopher R. Myers, Scott H. McArt and Stephen P. Ellner
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Indirect mechanical transmission has been implicated in many disease outbreaks. Unlike
biological vectors in which pathogens can develop or replicate, mechanical vectors only
provide physical transport. By redistributing pathogens, they create more opportunities for
hosts to encounter pathogens. On the other hand, this also dilutes the amount of pathogens
a host might be exposed to during each encounter and hence the probability of infection. In
some disease systems, these conflicting processes make it unclear how the epidemiological
dynamics might be affected. We develop a theoretical model for the transmission of bee gut
pathogens in plant-pollinator networks, with non-bee floral visitors such as hoverflies as
mechanical vectors. We find that mechanical vectors amplify or dilute transmission
depending on the dose-response relationship of the host species: amplification occurs when
the minimum infective dose is low, whereas dilution occurs when it is high. We also investigate
how several parameters such as pathogen survival in the environment and persistence in
vectors influence the outcome.

ABSTRACT
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Impacts of Mass Nutritional Supplementation on Dynamics of Measles: A
Simulation Study
Navideh Noori, Laura A. Skrip, Assaf P. Oron, Benjamin M. Althouse, Indi Trehan, and Kevin
P.Q. Phelan
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The bidirectional interaction between undernutrition and infection can be devastating to
child health. Nutrient deficiencies in children can affect growth, impair immunity, and
increase susceptibility to infection, as well as make children more vulnerable to more severe
outcomes of common diseases. Simultaneously, infection compound undernutrition by
increasing metabolic demand, reducing food intake, and impairing nutrient absorption.
Treatment of acute malnutrition (wasting) can reverse at least some of its deleterious effects
and reduce susceptibility to, and transmissibility of, infectious diseases. To understand how
mass nutritional supplementation, treatment of wasting, and vaccination affect the dynamics
of a common vaccine-preventable infection, we developed a population-level,
compartmental model of measles transmission stratified by undernutrition status and age. We
simulated a range of scenarios to assess the benefits of targeted therapeutic feeding for
children with wasting and a mass supplementation intervention before children are wasted
on measles morbidity and mortality. Mass nutritional supplementation was assumed to reduce
susceptibility to measles-related death and to increase engagement with the health sector
leading to increased proportions of children being vaccinated. Our results showed if all
wasted children receive therapeutic feeding, and if this leads to an increase in the measles
vaccination uptake, up to 14%, 8%, and 4% reductions in measles mortality, infections, and
measles-induced subsequent wasting, respectively, could be observed. In addition to
treatment of wasted children, 60% mass supplementation coverage of children aged 6-23
months followed by increase in vaccination coverage of nourished children from baseline
65% to 80%, leads to a ~40-55% reduction in all three outcomes, regardless of the wasting
treatment coverage. Our work highlights the need to account for nutrition in infectious
disease models to prevent overestimation of impact interventions, as well as the need to
collect quantitative information about how undernutrition may be associated with higher
susceptibility to infectious diseases.
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An indirect ELISA validated as diagnostic and vaccines quality control tool for
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Serological assays, including enzyme-linked immunosorbent assays (ELISA), provide a useful
tool to screen animals for the presence of antibodies (Abs) against a wide range of infectious
agents (including viruses that cause respiratory disease in cattle) and are widely used in
veterinary medicine to assist in the control and monitoring of disease. The aim of the present
study was develop and validate of two indirect enzyme-linked immunosorbent assay (ELISA)
based on semipurified bovine parainfluenza virus type 3 (BPIV3) for the detection and
quantification of Abs against PI3 in serum sample from cattle and guinea pigs for both
purpose diagnostic and typify/ specify the quality of vaccines. The diagnostic sensitivity and
specificity of the assay was 88% and 100% for bovine samples using a threshold of corrected
optical density, ODc =0.300, and 91% and 100% for guinea pig samples with a ODc =0.250.The
intermediate precision of the assays expressed as the relative coefficient of variation (CV) of
the positive control was 20% for bovines and 8.5% for guinea pigs. The reproducibility of both
techniques obtained in inter-laboratory assays was CV=17% for bovines and 15% for guinea
pigs, which met the requirements of the OIE (CV<30%). The efficacy of biological medicinal
products, such as vaccines, relies heavily on optimal quality control testing model to ensure
their quality. The validated ELISAs represent important tools for vaccine quality testing and for
quantify and controlling BPIV3 infections.
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The emergence and re-emergence of vector-borne diseases are critically impacted by the
migration of their respective arthropod vectors. The blacklegged tick (Ixodes scapularis) is the
most important vector of human diseases in the United States. Lyme disease, one of the mostprevalent infectious diseases in North America, is caused by the tick-borne pathogen Borrelia
burgdorferi, and the incidence of this and other I. scapularis-associated diseases continues to
grow and spread geographically. Recent vector migration has been proposed as the cause
of the emergence of these infectious diseases. To explore the evolutionary history and
population dynamics of I. scapularis, we systematically collected ticks from across New York
State (NY) from 2004 to 2017 and sequenced their mitochondrial genomes. This time-frame
corresponds with an increase in range and incidence of tick-borne diseases within NY. We
utilized phylogeographic methods to investigate whether statewide emergence of ticks was
driven by in situ growth of long-established populations or by recent migration and
colonization from established populations. Our results demonstrate that both short- and longrange migration have contributed to tick population dynamics in NY. While previous work at a
finer geographic scale within NY showed a close correlation between tick-borne disease
incidence and tick population dynamics, our work shows that correlation is not as clear at the
broader state-wide spatial scale. The recent emergence of tick-borne diseases in NY cannot
be fully explained by tick population dynamics, and probably reflects complex interactions
among tick population dynamics, ecological change (such as climate change and land use
change), and human behavior.
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Time it right - Daily rhythms of both host and parasite affect antimalarial drug
efficacy
Aliz TY Owolabi, Sarah E Reece, Petra Schneider

Institute of Evolutionary Biology, The University of Edinburgh

Circadian rhythms contribute to treatment efficacy in several non-communicable diseases.
However, chronotherapy (administering drugs at a particular time-of-day) against infectious
diseases has been overlooked. Yet, the daily rhythms of both hosts and disease-causing
agents can impact the efficacy of drug treatment. We use the rodent malaria parasite
Plasmodium chabaudi, to test if the daily rhythms of hosts, parasites, and their interactions,
affect sensitivity to the key antimalarial, artemisinin.
Asexual malaria parasites develop rhythmically in the host’s blood, in a manner timed to
coordinate with host daily rhythms. Our experiments coupled or decoupled the timing of
parasite and host rhythms, and we administered artemisinin at different times of day to
coincide with when parasites were either at an early (ring) or later (trophozoite)
developmental stage. We quantified the impacts of parasite developmental stage, and
alignment of parasite and host rhythms, on drug sensitivity.
We find that rings were less sensitive to artemisinin than trophozoites, and this difference was
exacerbated when parasite and host rhythms were misaligned, with little direct contribution
of host time-of-day on its own. Furthermore, the blood concentration of haem at the point of
treatment correlated positively with artemisinin efficacy but only when parasite and host
rhythms were aligned.
Parasite rhythms influence drug sensitivity in vivo. The hitherto unknown modulation by
alignment between parasite and host daily rhythms suggests that disrupting the timing of
parasite development could be a novel chronotherapeutic approach.
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Since 2008, the worldwide production of Crassostreae gigas oysters has been dramatically
affected by the Pacific Oyster Mortality Syndrome (POMS). This polymicrobial disease is
caused by a Ostreid herpes virus, OsHV-1 µVar, and opportunistic bacteria, among which
members of the Vibrionaceae family are the best characterized. Oyster families susceptible
to POMS present an overall lower basal expression of immune related genes and a delayed
(inefficient) transcriptomic response to the OsHV-1 µVar infection, compared to resistant
families. Viral replication in susceptible oysters leads to the host entering an immunecompromised state, causing a dysbosis that evolves towards bacteremia. Here, we
investigated the Vibrio community associated with the disease in the Thau lagoon. We found
a strong prevalence of the Harveyi clade in diseased oysters.V. harveyi and V. rotiferianus
species were the most prevalent in oyster tissues, whereas V. jasicida and V. owensii were
mainly associated with the water column. We confirmed further this association
experimentally in a mesocosm experiment: OsHV-1 µVar enabled stable colonization by V.
harveyi and V. rotiferianus but not V. jasicida and V. owensii. Colonization by V. harveyi and
V. rotiferianus was facilitated by the virus-mediated immune suppression of oysters. V. harveyi
carried virulence potential, being cytotoxic for oyster immune cells and produced public
goods beneficial to the oyster colonizer V. rotiferianus, which behaves as a cheater in this
context. Our data unravel two strategies to colonize an oyster in V. harveyi and V.
rotiferianus, one is the active dampening of oyster defenses whereas the other one relies on
the use of key metabolites produced by the microbiota.
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Pearl millet (Pennisetum glaucum (L.) R. Br.) is a staple food that is widely cultivated in subSaharan Africa. Although about ten viruses have been reported infecting pearl millet so far,
the extant epidemiological status of the crop remains poorly documented. The probable
intensification of pearl millet production due to climate change could increase the risks of
emergence of viral diseases in the next future. In 2018, a survey was conducted in the main
production areas of Burkina Faso. Symptomatic leaf samples were collected and analyzed
using a Virion-Associated Nucleic Acids metagenomic approach combined with Illumina and
Sanger sequencing. An unknown viral sequence was discovered and its full-length genome
of 6364 nt without polyA tail was obtained. This novel genome contains a large ORF encoding
a polyprotein of 224.2 kDa that consists of five domains (methyltransferase, papain-like
protease, helicase, RNA-dependent RNA polymerase and coat proteins), which are typical of
the genome organization of members of the Marafivirus genus. Additionally, a classical
conserved marafibox domain was detected in the genome. While the nucleotide sequence
of the complete genome of this novel virus shares 68.5% identity with Sorghum bicolor
marafivirus, its polyprotein and its coat protein share 56.7% and 58.5% identity with Nectarine
marafivirus M and Oat blue dwarf virus, respectively. Phylogenetic analyses of the complete
nucleotide genome sequences and the coat protein sequences of the novel virus of pearl
millet and other viruses of the family Tymoviridae confirmed that the pearl millet virus
unambiguously grouped with members of the Marafivirus genus. Based on the criteria
demarcating species in the genus Marafivirus that include overall sequence identity less than
80% and coat protein identity less than 90%, we propose that this novel virus of pearl millet
represents a distinct viral species in the genus Marafivirus, that we provisionally named
Pennisetum glaucum marafivirus (PGMV).
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Host’s health and fitness depend on its ability to limit parasitic load, or to restrict the damage
caused by parasites. Wild populations are exposed to a wide variety of stressors (including
parasites) that elicit physiological responses needed to maintain good health. We evaluated
the relationship between parasite infection, intrinsic host characteristics, and cellular immune
response in wild populations of the field rodent, Akodon azarae. A total of 145 individuals
were captured in 22 regular trapping sessions (June 2014-September 2016) in 8 fixed grids
placed in central Argentina, in savannas of the temperate Neotropical region. We used
multiple model inference (linear mixed models) to evaluate possible predictors of blood cell
counts. Leukocyte, lymphocyte, neutrophil and eosinophil counts were considered as
response variables. Indiapendent variables were individual factors such as sex, age, and
body condition; ecological attributes (parasite richness); and parasitological descriptors
(parasite intensity). Season and year of capture were included to control for possible
confounding. Mice with increased endoparasitic richness showed higher levels of eosinophils,
with a tendency to be of lower magnitude in males. This might indicate a course to resist
infection as variability of internal parasites increases. Moreover, the lower increase in males is
consistent with androgens immunosuppressive effects (immunocompetence handicap
hypothesis). However, lymphocyte levels were higher in males, but without an association
with parasitic variables. On polygynic mating system it is expected that the benefits of
increased mating success in males balance the costs of reduced lifespan due to disease. This
might indicate that sex bias in immune response might depend on the component of the
immune system being studied, the mating system and the effect of sex hormones. A better
understanding of infection dynamics in wild rodent populations is crucial to generate
preventive measures for public health, more than ever, given the increasing number of
zoonotic diseases.
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Coincidental selection for interference competition contributes to virulence of
Stenotrophomonas maltophilia in Caenorhabditis elegans
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In free-living pathogens, selection occurring in environmental reservoirs can have important
consequences for the evolution of pathogen traits, including those that shape virulence.
Stenotrophomonas maltophilia is an emerging opportunistic human pathogen that is found in
diverse ecological settings such as rhizosphere, plant tissues, and aquatic reservoirs. Although
several functions that contribute to its colonization in host tissues have been identified, the
ecological drivers that shape the evolution of these potential virulence factors are not well
understood. Previous research found that a type IV secretion system plays a role in both hostpathogen interactions and competition with other bacteria. We experimentally evolved four
strains of S. maltophilia that vary in their virulence on the host Caenorhabditis elegans. We
found that these strains also vary in the degree to which they use interference mechanisms in
competition with Escherichia coli MG1655. Multiple Indiapendent populations initiated with
highly virulent strains show reductions in both virulence and their competitive ability. These
observations suggest a strong positive correlation between the virulence and competitive
ability of the pathogen. Genomic comparison of ancestral and evolved lines show that
several reduced virulence populations have mutations in their type IV secretion system
operon. Taken together, these results suggest that coincidental selection for interference
competition against heterologous bacteria can contribute to the virulence of S. maltophilia.
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1Pathogens emerge into heterogeneous environments but our knowledge about the
environmental drivers of outbreaks, and whether the effect of these drivers is consistent,
remans limited. Vector-borne diseases generally rely on an arthropod vector to transmit the
infectious agent from host to host, and tend to be particularly impacted by environmental
variation. Here we use two replicate outbreaks of the same strain of bluetongue virus, a virus
of ruminants vectored by Culicoides midges, as a case study to investigate the impact of
environmental factors on its spatial spread. Both bluetongue outbreaks in this study occurred
in Western Europe, one from 2006 to 2010 and one from 2015 to the present, with the latter
outbreak being caused by virus genetically identical to virus present at the height of the first
outbreak. In total, 164 full genome sequences were available for phylogeographic
analyses,in which we tested for associations between the speed of viral movement and
environmental predictors. Despite the high resolution of our data, we find no evidence of
meaningful associations with eight environmental drivers tested within either outbreak,
contrary to earlier results for bluetongue that found most of these drivers to be important at
larger spatial and temporal scales. We also see that the rate of spatial spread differs
dramatically between the two outbreaks, likely due to differing governmental policies being
implemented in the early stages of each outbreak. Our results suggest that effects of
environmental heterogeneity can be scale-dependent and might be overruled by other
factors during rapidly unfolding outbreaks, which could limit their utility for outbreak
prediction and control.
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Environmental and ecological factors are crucial parameters of malaria dynamics. In SouthEast Asia, where dominant malaria vectors are forest-associated, many parameters remain
poorly understood. Thus, we conducted a transdisciplinary study in a malaria-endemic area
of Cambodia to understand its transmission at a fine scale.
With fine-resolution satellite imagery from 1988, 1998, 2008 and 2018, we produced land use
classifications and landscape metrics of the study area. We observed that deforestation is
increasing, as the wooded areas surface decreased from 91% in 1988 to 47% in 2018 and that
fragmentation increases, leading to augmented edge densities between environment types.
Deforestation and land use changes greatly affect the abundance and diversity of
Anopheles malaria vectors, but the nature of this interaction remains understudied in
Cambodia.
We selected 37 sites across all land cover categories, collecting 6690 female Anopheles over
a year, of which 12.9±0.8% by daytime and 1.9±0.3% malaria-infected. The Human-baited
Double-Net traps identified an exposure gradient across land use categories with no to low
exposure in villages (prevalence: 0%, N = 247) and tree plantations (0.3±0.4%, N = 878), to
higher exposure in fields (2.3±0.6%, N = 2601) and forest (3.4 ±0.9%, N = 1663). Barrier screens
installed between forest patches and villages collected more fed Anopheles leaving
(30.8±3.4%, N = 718) than entering (19.5±5%, N = 239) the villages in the rainy season, and no
fed Anopheles in the dry season (0%, N = 151). Anopheles larvae presence was associated to
warm breeding sites containing vegetation and other genera of mosquitoes, but not to a
specific size or type of water body, which complicates the targeting of defined breeding sites
for elimination.
Fine entomological and environmental factors drive malaria transmission in Cambodia and
should be considered to design effective vector control strategies.

ABSTRACT
Stéphane Perrier - Université d'Angers - France
Understanding the compensatory mechanisms in resistant Anopheles
gambiae AcerKis and KdrKis neurons is essential to adapt insecticide-based
mosquito control
Stéphane Perrier(1), Eléonore Moreau(1), Caroline Deshayes(1), Fabrice Chandre(2) & Bruno
Lapied(1)

(1) Laboratoire Signalisation Fonctionnelle des Canaux Ioniques et des Récepteurs (SiFCIR),
UPRES EA 2647, USC INRAE 1330, SFR QUASAV 4207, UFR Sciences, Université d’Angers, 2
boulevard Lavoisier, 49045 Angers, cedex, France. (2) MIVEGEC, UMR IRD 224-CNRS 5290Université de Montpellier, 911 avenue Agropolis, 34394 Montpellier Cedex 05, France.

Malaria is mostly transmitted by Anopheles gambiae mosquitoes. It accounts for a total of
about 405,000 deaths and 228 million contamination cases each year (WHO, 2019). Malaria
transmission is controlled via the use of insecticide-treated bed nets (ITNs) integrated in
insecticide-based mosquito control. However, insecticide resistance arises massively in vector
mosquitoes, causing control failure and resurgence of malaria (Ranson and Lissenden, 2016).
Previous studies highlighted that these resistance mechanisms are very complex since they
induce unexpected compensation mechanism that strengthen mutation-altered
physiological functions. Compensatory mechanisms obviously impact the effectivness of
Insect Resistance Managment (IRM) and insecticide-based strategies. As silent point
mutations are the most common resistance phenomenon, we investigated the
compensatory neuronal mechanisms following the development of resistance-associated
point mutations in two strains of Anopheles gambiae resistant to two distinct class of
insecticides : 1) Acerkis strain, resistant to organophosphates and carbamates (Ace-1R,
G119S substitution in acetylcholinesterase 1) and 2) KdrKis strain, resistant to pyrethroids (kdr,
L1014F substitution in voltage-gated sodium-channels). We use RT-qPCR, electrophysiological
and calcium imaging approaches adapted to isolated Anopheles gambiae neurons
(Lavialle-Defaix et al., 2011) to characterize changes in the expression and pharmacological
profile of neuronal nicotinic acetylcholine receptors (nAChR) following the mutations G119S in
AcerKis strain and L1014F in KdrKis strain compared to the laboratory reference Anopheles
gambiae Kis strain. We report that 1) higher nAChR density associated with reduced AChE1
activity is observed in AcerKis strain, and 2) modification of biophysical properties of the
voltage-gated sodium current impacts nAChR sensitivity to acetylcholine, the most abundant
endogenous excitatory neurotransmitter. These physiological modifications act as
compensatory mechanism in the cholinergic system upon resistance-associated mutation
appearance. They need to be taken into account to adapt vector control strategies.
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Consequences of frequency-dependent selection for estimating selection
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Malaria has long been recognized as a powerful selective force, and the myriad genetic
resistance mechanisms found among humans is clear evidence of its evolutionary impact.
The Duffy null allele, whose frequency is at near fixation in Sub Saharan Africa, is one such
resistance mechanism: individuals homozygous for this allele have almost complete
protection against Plasmodium vivax infection with little to no associated cost. Because P.
vivax circulates at extremely low frequency in Sub Saharan Africa, it is hypothesized that an
increase in the frequency of the Duffy null allele over evolutionary time precluded P. vivax
transmission. Previous work concludes strong selection favoured the Duffy null allele, but this
counters our expectation, as P. vivax is considered relatively “benign” compared to another
human malaria parasite, Plasmodium falciparum. This previous work estimated selection
assuming constant selection strength over time. When genetic resistance limits or prevents
transmission, we should expect a negative relationship between the frequency of genetic
resistance and transmission intensity, and thus selection strength. To quantify the potential to
incorrectly estimate selection when mis-specifying the shape of frequency-dependence
between selection strength and allele frequency, I am simulating the evolutionary history of
the Duffy null allele and the resulting population genetic signatures of selection. I then
estimate selection using an increasingly common approach, Approximate Bayesian
Computation, and compare selection estimates to their true selection coefficients, which I
specify when simulating. I can thus infer how assumptions about the constancy of selection
may bias selection estimates.
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Vector-borne disease management strategies often rely on individual knowledge and
behavior. Prevention of domestic dengue virus transmission involves elimination of standing
water from the home, while disease prevalence estimates require medical diagnoses, which
occur through healthcare seeking behavior. Thus, public health campaigns disseminate basic
vector information as well as early disease symptoms to watch out for. Here, we compared
individual knowledge and behavior related to two vector-borne diseases, dengue virus
infection (DVI) and Chagas disease (CD), in Medellin, Colombia.
In Medellin, DVI is transmitted locally, while CD is transmitted widely throughout the country,
and even in the same state, but not within the city limits. To understand the reach of public
health information on each disease and identify any associated sociodemographic factors,
we interviewed 766 participants in public parks and commercial centers throughout Medellin.
Questions fell under three themes: disease familiarity, ability to recognize the vector, and
healthcare seeking behavior when presenting acute symptoms of either disease.
We found that 97% (742/766) of participants had heard of DVI, while 16% (124/766) had heard
of CD. Despite their familiarity with DVI, only 40% of respondents correctly recognized its
vector, Aedes aegypti. Far fewer (2%) could recognize the Chagas vector. There was little
difference between CD and DVI in healthcare seeking behavior; 91% and 94% reported that
they would seek treatment, respectively. Older participants were more likely to have heard of
Chagas while younger people were more likely to have heard of dengue.
Our findings suggest that vector-borne disease awareness in Medellin has a strong ‘here vs
there’ component, even though ‘there’ is just a few miles away. Vector recognition is an area
for strengthening, even for locally transmitted diseases. Healthcare seeking behavior seems to
be Indiapendent of disease awareness, and is an area meriting further study in this
population.
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The innate immune system of B. glabrata showed memory capacities especially when
confronted to S. mansoni, the agent of human intestinal schistosomiasis. This innate immune
memory (IIM) process is still an extremely complex black box in which the hemocytes, the
innate immune cells of B. glabrata seem to play a fundamental role. Unfortunately,
hemocytes are still poorly defined, three populations have been described based on their
morphological characteristics: the hyalinocytes, the granulocytes, and the blast like cells.
Herein, we propose to evaluate the complex processes played by hemocyte populations in
IIM. Thus, we used Single-Cell RNA sequencing technology to analyse the hemocyte
transcriptional response following S. mansoni experimental infestation and re-infestation. This
approach permitted to discriminate transcriptional infra-populations and trajectories of
differentiation. Therefore, we are able to define specific genes related to each hemocyte
population and conduct functional enrichment analysis to define hemocyte population subfunctionalization and molecular processes supporting IIM. Finally, using such specific
molecular markers, it would be possible to associate transcriptional populations and
morphological populations and defined more accurately which and how hemocyte
populations could recorded, stored and activated an efficient IIM response in B. glabrata
snails.
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A fundamental question in epidemiology is how to combine different interventions
synergistically to mitigate disease burden. In the case of COVID19, social distancing is an
effective population-level mitigation strategy to prevent propagation but it does not reduce
the number of susceptible individuals and bears severe social consequences---a dire situation
that can be overcome with the recently developed vaccines. Although a combination of
these interventions should provide greater benefits than their isolated deployment, a
mechanistic understanding of the interplay between them is missing. To tackle this challenge
we developed an age-structured deterministic model in which vaccines are deployed during
the pandemic to individuals who, in the eye of public health, are susceptible (do not show
symptoms). The model allows for flexible and dynamic prioritization strategies with shifts
between target groups. We find a strong interaction between social distancing and
vaccination in their effect on the proportion of hospitalizations. In particular, prioritizing
vaccines to elderly (60+) before adults (20-59) is more effective when social distancing is
applied to adults or uniformly. In addition, the temporal reproductive number R_t is only
affected by vaccines when deployed at sufficiently high rates and in tandem with social
distancing. Finally, the same reduction in hospitalization can be achieved via different
combination of strategies, giving decision makers flexibility in choosing public health policies.
Our study provides insights into the factors that affect vaccination success and provides
methodology to test different intervention strategies in a way that will align with ethical
guidelines. More broadly, it sheds new light on how to combine interventions to mitigate
emerging infectious diseases.
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Since the 1980s, antibiotics consumption and its abuses have been pointed out as the major
cause of antibiotic resistance (AR) by selecting resistance mechanisms. However, AR can
persist even after antibiotic consumption has decreased, therefore antibiotic consumption is
not the only factor maintaining bacterial communities AR. Recent research highlighted that
the emergence, retention, and propagation of AR correlates with the intensification of
human activities, with socioeconomic and behavioral factors. But these studies were mostly
based on isolated cases of medical outbreaks and overlooked ecological contexts. In this
study, we describe the genomic, geographical and ecological distribution of a family of AR
genes and, based on these data, we quantify the relative contributions of several key factors
that drive the spread of AR. Through a computational approach, >160,000 publicly available
Eubacteria genomes were screened to obtain the distribution of genes encoding
aminoglycoside-modifying enzymes (AMEGs). AMEGs are found in >2000 species dispersed
over 23 phyla, and sampled in every human-inhabited continent and in every studied biome.
Man-made antibiotics consumption actually only has a low, non significant effect on AMEGs
prevalence. AMEGs prevalence is much more driven by trade and human migrations, and
thus Indiapendent of geography. The spread of AMEGs might therefore rather depend on
their mobility than on anthropogenic antibiotics. Moreover, the distribution of AMEGs is highly
shaped by ecology and ca. 50% of them are associated with mobile genetic elements. We
thus extend these analyses by studying the transmission of AMEGs by horizontal gene transfer.
We use an implicit phylogenetic method to detect unrelated species sharing related AMEGs.
Then, through network reconstruction and analysis, we reconstruct the chain of transmission
events and investigate which species and environments (among other factors) can maximize
the risk of horizontal transmission.
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Leptospira interrogans serovar Pomona has been circulating endemically in the California sea
lion (Zalophus californianus) population since at least the mid-1980s, causing yearly, seasonal
outbreaks of varying magnitude. Using serologic, molecular, demographic and ecological
data and samples collected between 2010-19 we show that L. interrogans serovar Pomona
disappeared from the California sea lion population in 2013 and re-emerged in 2017. We
provide multiple lines of evidence that perturbations in both host demography and seasonal
movement patterns – driven by oceanographic anomalies – caused pathogen fadeout in
the system and facilitated re-emergence. This is the first recorded example of spontaneous
fadeout of an endemically circulating pathogen from a large, robust, host population. In a
future where greater fluctuations in global climatic variables are predicted, and the impacts
of zoonoses on wildlife and human populations are increasingly of concern, our study
provides novel insights into how climatic and intrinsic host factors may interact to influence
pathogen transmission and persistence in a natural system.
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Trypanosomatid Infections and their Effects on Drosophila lummei fruit fly
Katariina Puolakka, David Hopkins, Venera Tyukmaeva, Maaria Kankare
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Trypanosomatids are an extremely diverse group of single cell eukaryotic parasites infecting
humans, animals and plants. They are known to affect hosts’ fitness traits and foraging and
feeding behavior. However, less is known about effects of infection on host's ability to
respond to abiotic factors, such as cold stress. Temperature is perhaps the most important
abiotic factor governing organisms distributions, fitness and survival and particularly low
temperatures appear challenging for insect physiology in temperate, polar and montane
habitats. The aim of this study was to investigate the effect of trypanosomatid infection on
cold tolerance, survival and locomotor activity of the flies from highly cold tolerant D. virilis
group species, Drosophila lummei. The flies were tested for their cold tolerance response and
the prevalence of the infection was measured as the amount of trypanosomatid specific
gene (ATP binding) in relation to host fly specific gene (Tub2) using qPCR. Additional tests
included locomotor activity and survival tests of the infected and uninfected flies. Our qPCR
results suggested that females are less prone to infection than males (i.e. they have lower
parasite concentration), and overall infection rate was lower in cold acclimated compared
to non-acclimated flies. Finally, results from the locomotor activity tests indicated a slight
difference in total activity between infected and non-infected flies and survival test (21 days)
suggested infected flies to have a shorter life span than non-infected flies. Consequently, as
trypanosomatids are common parasites in insects, studies on the effects on their hosts could
reveal new interesting aspects on insect immune system.
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Host-associated bacterial communities in Daphnia galeata during a natural
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Host-associated bacterial communities play an integral role in defense against natural
enemies, such as parasites. Yet there are few studies investigating tripartite interaction
between a host, parasite and bacterial communities, particularly in the field. Here we take
advantage of the host-parasite system: the water flea Daphnia galeata and its highly virulent,
eukaryotic gut parasite Caullerya mesnili to investigate the role of the host associated
bacterial community in the eutrophic lake Greifensee. The infection prevalence of Caullerya
mesnili in Greifensee has been monitored for ~20 years, and is known to peak seasonally in
the fall, with a prevalence reaching up to 32%. In the present study, we compared the gut
and body bacterial communities of Caullerya-infected and uninfected Daphnia collected
from Greifensee during a natural epidemic in 2020 (2 infection levels x 7 replicates),
representing 140 each of infected and uninfected individuals. We found that the alpha
diversity of the bacterial community was significantly lower in Caullerya-infected compared
to uninfected Daphnia, in the gut but not in the body. Similarly, the bacterial communities
varied significantly in beta diversity between infected and uninfected Daphnia guts, but not
Daphnia bodies. Caullerya-infected Daphnia guts had a significantly higher relative
abundance of three taxa, belonging to the families Flavobacteriaceae, Phycisphaeraceae
and Comamonadaceae respectively while Caullerya-uninfected Daphnia guts showed a
significantly higher relative abundance of a Corynebacterium taxon. Overall, we show that
infection with a eukaryotic gut parasite correlates with a bacterial community of lower
diversity and differentially abundant host-associated bacterial taxa. This opens the possibilities
for further investigation into the role of host-associated bacterial communities in natural
epidemics.
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Predicting the spatial patterns of COVID-19 in Madagascar: the utility of
existing data sources on human mobility in LMIC-A
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Human travel underlies the spatial patterns of many infections. For emerging epidemics,
quantifying travel is a key component of developing accurate predictive models of disease
spread to inform public health planning. Data on human travel patterns are invaluable to
parameterizing spatial models of disease dynamics to be able to accurately predict where
and when a pathogen may emerge. However, in many LMICs, traditional data sets on travel
are often lacking. Here, we leverage available and accessible dataset and compare the
rank order of the timing of when cases were reported with a SARS-CoV-2 metapopulation
model of Madagascar informed using various models and measures of connectivity including
a gravity model, internal migration flow data, mobile phone data, and estimates of travel
times. These data and approaches cover a wide range of commonly available data sets and
models used to inform spatial transmission dynamics. All models better predict the order in
which locations reported their fifth case as compared to the first case. Overall, the models
based on gravity and mobile phone connectivity patterns best predicted the observed
spread of SARS-CoV-2 in Madagascar. Yet, all models always failed to identify at least one of
the ten regions with the earliest observed cases irrespective of their rank order. This suggests
that there may be additional features of mobility or connectivity that were consistently
underestimated using all approaches but are epidemiologically relevant. Given likely
accuracy issues with both measures of travel and reported SARS-CoV-2 case counts in
settings like Madagascar, this work underscores the difficulties and idiosyncrasies of
understanding spatial spread of pandemic in LMICs but also identifies ways to improve
predictions.
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Evaluating vaccine allocation studies in LMIC settings: prioritizing COVID-19
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The COVID-19 pandemic created an unprecedented global health crisis. Initial mitigation
strategies focused on the deployment of non-pharmaceutical interventions to slow the
spread of the epidemic. By late 2020, the development of several highly effective vaccines
expanded the options for control and public health. While mass COVID-19 vaccination
programs are underway in high-income countries, limited availability of doses has resulted in
few vaccines administered in low and middle income countries (LMICs). The COVID-19
Vaccines Global Access (COVAX) is a WHO-led initiative to promote vaccine access equity
to LMICs and is providing many of the doses available in these settings. However, initial doses
will be limited and countries, such as Madagascar, will need to develop prioritization schemes
to maximize the benefits of vaccination with very limited supplies. There are many possible
strategies for dose deployment including prioritizing health care workers, older individuals and
those who are more vulnerable. However, in different settings the trade offs between these
options may vary. Further, promoting vaccine access to more rural areas may pose
additional logistical challenges, but include substantial proportions of the population. To
address these questions, we developed a mathematical model of SARS-CoV-2 transmission
dynamics and simulated various vaccination allocation strategies based on a number of
possible prioritization schemes. Using deaths due to COVID-19 as the main outcome of
interest, our results indicate that distributing the number of vaccine doses according to the
number of elderly living in the region or according to the population size results in a greater
reduction of mortality compared to distributing limited doses based on the reported number
of cases and deaths. At a subnational scale, our results support the strategy adopted by the
COVAX initiative at a global scale.
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Investigating the presence of picornavirus, herpesvirus and Mycoplasma spp.
in endangered tortoises of Madagascar
Liantsoa Rasoanarivo
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Background: Endemic to Madagascar, the ploughshare tortoise (Astrochelys yniphora) and
the flat-tailed tortoise (Pyxis planicauda) are at extreme risk of extinction due to habitat loss,
fire, and illegal export for the pet trade. To preserve these species, captive breeding centers
have been founded in Madagascar alongside monitoring of wild populations.
Objectives: Our research aims to (i) study the prevalence of three pathogens: picornavirus,
herpesvirus and Mycoplasma spp. in A. yniphora and P. planicauda in captivity and in wild P.
planicauda; (ii) determine disease risk to tortoises in the wild and in two captive breeding
centers in Madagascar, and (iii) characterize known pathogens and identify novel
pathogens using DNA sequencing approaches. This is the first study of these three pathogens
in these two endangered tortoises; we report preliminary results here.
Methodology: Oral swabs, cloacal swabs, and nasal flushes from live tortoises and tissues
(tongue, spleen, liver and kidney) from dead tortoises will be screened for pathogen
presence by molecular methods (n = 500).
Results: 146 samples have been analyzed so far. We observed one positive result for
herpesvirus and Mycoplasma in P. planicauda from the wild and one unconfirmed positive
result for picornavirus in addition. No positive samples were observed among the captive
tortoises sampled to date. Analysis of the remaIndiar of samples is ongoing, as is genome
sequencing of the positive samples.
Conclusion: While herpesvirus and Mycoplasma spp. were observed in the wild, our
preliminary results showed no presence of these three pathogens in captive tortoises yet.
Captive tortoises are a source of rewilding; therefore, we have to ensure the health of these
tortoises in captivity before releasing them into the wild. Our final result will be a crucial tool
for stakeholders to make decision regarding conservation actions for the two species studied.
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Exploring the role of thoracic injury in infection response and outcomes in
Drosophila melanogaster
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Thoracic infections and abdominal infections have been reported to result in very different
outcomes in D. melanogaster. Fliesinfected in the thorax succumb to infections in greater
proportion than those infected in the abdomen. An aseptic injury to the thorax in
combination with injection of bacteria into the abdomen is sufficient to cause mortality
equivalent to a thoracic infection, although a sterile thoracic injury alone causes no mortality.
This indicates that death is due to the combination of circulating bacteria and injury to the
thorax. Several muscle genes such as Actin88F, Tropomyocin2, held up are upregulated in
flies that sustain injuries specifically to the thorax. Down-regulation of Hep, which encodes JNK
kinase, prevents upregulation of the muscle genes after thoracic injury. We hypothesize that
the JNK pathway is activated when thoracic muscle is damaged, but not during abdominal
injury, and that JNK activation contributes to host mortality. We are testing this hypothesis by
measuring expression of genes such as puc, a negative regulator of JNK signaling and Kenny,
a subunit of the AP1 transcription factor of the JNK pathway, and by determining whether
genetic manipulation of the JNK pathway improves or worsens outcomes of thoracic
infections.
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The behavioral effects of trematode infection on snail hosts
Emlyn Resetarits, Will Ellis, Carter Watson
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Parasites can have varied impacts on their hosts. In a series of studies on multiple freshwater
trematode-snails systems, we investigated how trematode infection influenced the behavior
of snail hosts. One result we found was that infected snails consumed significantly more than
uninfected snails. Because these freshwater snails play important roles as detritivores and
algivores, understanding how infection influences their consumption has implications for the
entire freshwater ecosystem.
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The release of Wolbachia (wMel strain) infected mosquitoes has the potential to reduce the
burden from arboviruses however, the impact on disease incidence requires further
investigation. A large wMel program was implemented in 2017 in Rio de Janeiro, Brazil
releasing 67 million mosquitoes across 28,489 release sites.
Following releases, mosquitoes were trapped and the presence of wMel recorded. To assess
the impact of the release program on dengue and chikungunya incidence, we used
spatiotemporally explicit models applied to geocoded dengue (N=194,330) and
chikungunya cases (N=58,364) from 2014 (2016 for chikungunya) to 2019 from across the city.
We find, on average, 32% of local mosquitoes became infected with wMel (range: 20%-52%
across release zones) and that the observed local proportion of mosquitoes that were wMelinfected had a strong effect on the number of cases in that location. On average, places
where wMel mosquitoes were released had 0.66 (95%Ci: 0.62-0.69) as many dengue cases
and 0.67 (95%Ci: 0.64-0.70) as many chikungunya cases in comparison with places without
any wMel releases. Locations within the release zone where 0.1-10% of the mosquitoes had
wMel had 0.71 (95% CI: 0.63-0.79) as many cases of dengue and 0.85 (95% CI: 0.79-0.91) as
many cases of chikungunya as would be expected if there were no wMel in that area. This
fell to 0.61 (95% CI: 0.51-0.74) for areas with 30-40% wMel penetration for dengue and 0.57
(95% CI: 0.50-0.64) for chikungunya.
Stable establishment of wMel in this diverse, urban setting appears more complicated than
has been observed elsewhere. However, the variability of wMel penetration across the
project area allowed for a finer understanding of the relation between wMel levels and
reduction in incidence. For both pathogens, the reduction in incidence was greatest in areas
with highest wMel penetration but remained significant at low levels.
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Why so few and so many? Notes on drivers of endemic pathogen diversity
using coronaviruses as an example
Benjamin L. Rice, C. Jessica E. Metcalf
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Novel pathogen emergences have been observed frequently in recent decades. An obvious
example, pathogenic coronaviruses have emerged three times since 2002 (SARS-CoV-1 2002,
MERS 2012, and SARS-CoV-2 2019). Following emergence, rapid evolution has been
observed, both in terms of the appearance of new variants after emergence and immune
escape for established endemic species. Given this evidence of frequent spillover, rapid
evolution, and the millennia of human history over which viral diversity could have
accumulated, one would expect the human pathogen pool to contain a diverse
abundance. Yet, for many pathogen groups, only a small number of endemic species
establish and persist, often with limited genetic diversity within species. What could explain
this apparent mismatch between the high pace of emergence and the low diversity of
endemic coronaviruses? The coronaviruses provide a timely example, but this pattern is seen
for an array of pathogen groups. Here, we evaluate the multiple factors that may act to
govern the diversity of a host’s endemic pathogen pool, using coronaviruses as an example
and noting in particular how the landscape of immunity resulting from multi-pathogen
dynamics might influence the prospects for pathogen emergence and persistence.
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Predators are predicted to impact parasitism in their prey but the strength and direction of
this effect varies across studies. While much attention has been given to the effect of
variation in the predator-prey interaction on predator effects on parasites in prey,
heterogeneity in parasite traits might be important, too. For example, parasites transmitted by
close contact may be more susceptible to predator-induced behavioral changes in prey
than those transmitted by vectors. Here we combine a global database of parasitism rates in
ungulates with Indiapendently sourced measures of local predation pressure to quantify the
role of parasite traits in driving the effect of predation pressure on population-level parasite
prevalence and species-level parasite richness in hosts. In particular, we ask whether the
effect of predation pressure on parasite prevalence varies across: (i) parasite taxonomic
identity, (ii) parasite transmission mode, and (iii) whether the parasite is shared between
carnivores (predators) and ungulates (prey). We also ask whether there is an effect of
predation pressure on parasite richness and whether this pattern varies according to parasite
sharing. We found that parasite taxon, transmission mode, and sharing all influenced the
effect of predation pressure on parasite prevalence in prey. In particular, viruses and
helminths were most responsive to predation pressure, parasites with intermediate hosts
significantly differed in their response to predation from those without intermediate hosts, and
the patterns of these interactions differed between shared and unshared parasites. However,
we found no evidence for effects of predation on parasite richness in prey populations. These
findings support the hypothesis that variation in parasite traits is important to the outcome of
predator-prey-parasite interactions.
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Tick borne pathogens pose a significant risk to public health, wildlife health, and livestock
health. The lone star tick, Amblyomma americanum, is an aggressive tick that transmits a
wide array of pathogens. This tick currently inhabits the southeastern Unites States, but its
geographic range is predicted to expand as climatic change makes a variety of habitats
more hospitable for the lone star tick. With this in mind, we set out to assess the relationship
between habitat type, pathogen infection, and host seeking behavior (questing). Ticks were
collected using a tick drag through two different habitat types: xeric hammock and
successional hardwood forest in the Ordway-Swisher Biological Station. Standardized 10min
behavioral assays were conducted with each tick to assess the average heights quested and
total time spent questing. Finally, each tick was sequenced for Rickettsia amblyommatis by
extracting DNA, PCR with Rickettsia-specific primers, and sequencing using Genewiz. R.
amblyommatis is a member of the Rickettsia spotted fever group and can be highly
prevalent in some lone star tick populations. We have found about 28.6% (infection
prevalence of 0.295) of the ticks collected to be infected with R. amblyommatis. Specifically,
the infection prevalence of R. amblyommatis in each habitat type was as follows, 28% of ticks
collected in successional hardwood forest and 32% in xeric hammock habitats. Ticks infected
with R. amblyommatis appeared to spend less time engaging in questing behavior than
uninfected ticks. Additionally, we found that ticks collected from xeric hammock habitats
spent over twice as long questing compared to ticks from successional hardwood forests.
These results show that habitat type and infection status can influence the total time a tick
can spend engaging in questing behaviors, which can play a pivotal role in transmission rates
and disease dynamics.
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Viral susceptibility across host species is largely Indiapendent of dietary
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The likelihood of a successful host shift of a parasite to a novel host species can be influenced
by environmental factors that can act on both the host and parasite. Changes in nutritional
resource availability have been shown to alter pathogen susceptibility and the outcome of
infection in a range of systems. Here, we examined how dietary protein to carbohydrate
altered susceptibility in a large cross-infection experiment. We infected 27 species of
Drosophilidae with an RNA virus on three food types of differing protein to carbohydrate
ratios. We then measured how viral load and mortality across species was affected by
changes in diet. We found that changes in the protein:carbohydrate in the diet did not alter
the outcomes of infection, with strong positive inter-species correlations in both viral load and
mortality across diets, suggesting no species-by-diet interaction. Mortality and viral load were
strongly positively correlated, and this association was consistent across diets. This suggests
changes in diet may give consistent outcomes across host species, and may not be
universally important in determining host susceptibility to pathogens.
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1Toxoplasmosis is a top threat to Hawaiian monk seals (Neomonachus schauinslandi) in the
main Hawaiian Islands where seal habitat overlaps with substantial human and domestic cat
populations. As the only hosts in which the parasite Toxoplasma gondii can complete its life
cycle, cats are the sole sources contaminating the environment with infectious oocysts which
can be transported into the marine environment, threatening marine mammals. To
understand environmental factors influencing Hawaiian monk seal exposure to T. gondii, we
examined monk seal strandings from toxoplasmosis in relationship to rainfall patterns,
hydrology, and cat distribution on the island of Oahu. First, using a case-control study design,
we compared mortalities due to toxoplasmosis (cases) to those from other causes (controls).
We found that cases were up to 35 times more likely than controls to occur after heavy runoff
events. The greatest odds ratio was observed when rainfall occurred three weeks prior to
stranding, potentially indicating important timelines in the disease process. Next, we
estimated the distribution of outdoor cats based on previously published surveys and
documented stray cat colonies. Using a hydrological model, we mapped the expected
distribution and relative magnitude of oocyst runoff for Oahu’s watersheds. The model
predicted that household-associated cats were greater in number and contributed an order
of magnitude more oocysts to runoff than feral cats away from human settlement. There was
only weak correlation between estimated cat density and locations where monk seals
stranded due to fatal toxoplasmosis, with several cases occurring adjacent to watersheds
with lower predicted oocyst runoff. Together these results suggest that even in areas with
moderate to low densities of outdoor cats, frequent rainfall delivers sufficient numbers of
oocysts to infect Hawaiian monk seals. With infectious doses as low as a single oocyst, any
contaminated runoff constitutes a serious risk to Hawaii’s endangered monk seal.
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Vampire bat rabies (VBR) can spread in spatial waves over local and regional scales across
Latin America. However, the spatial dynamics across countries with well-defined geographic
barriers (e.g., Andes) remains poorly understood. To better predict future outbreaks and built
efficient vaccination campaigns in cattle, it is crucial to identify where and when VBR spatial
expansions are occurring, and identify environmental factors associated with these
expansions. We conducted a spatio-temporal analysis of 2238 public reports of VBR in
Colombian livestock from 2000 to 2019 in five biomes of Colombia including Andean
Mountains, Caribbean and Pacific coasts and the Amazonian region. Our analysis showed
that the number of municipalities reporting VBR in livestock increased in all biomes since 2000,
particularly in the Caribbean region. Only the Pacific region showed no new municipalities
reporting after 2015. Temperature, precipitation, and distance to the first outbreak were
positively correlated with time of disease onset (e.g. time to the first case since 2000) in a
given municipality. In contrast, a municipality’s bovine population was negatively correlated
with time of disease onset, and distance to the reporting agency was not significantly
correlated. Although altitude was not significatively correlated to time of disease onset at the
country level, altitude was positively correlated to time of disease onset in the Pacific region
and negatively correlated in the Amazon region. These results showed that biotic and abiotic
conditions influenced the spatial expansion in time at regional level when a well-defined
geographic barrier is present.
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Vector-borne pathogens exist in obligate transmission cycles between vector and reservoir
host species. Host shifts can lead to geographic expansion and the emergence of new
diseases. Three etiological agents of human Lyme disease (Borrelia afzelii, B. bavariensis, and
B. garinii) predominantly utilize two distinct tick species as vectors in Asia (Ixodes persulcatus)
and Europe (Ixodes ricinus) but how and in which direction they colonized each continent
remains unknown. Here, by reconstructing the evolutionary history of 142 Eurasian isolates
(including 52 novel isolates sampled from questing ticks in Japan and Germany), reconstruct
a phylogeny based on the sequence of the main chromosome we show all three Borrelia
genospecies evolved from an Asian origin, suggesting that successful expansion into Europe
resulted through invading a novel tick vector. Even so, genetic structuring of the pathogens
differs and is most likely conditioned by reservoir host association and their dispersal. Our
results highlight that Eurasian Lyme disease agents are all capable of geographic expansion
through host shifts, but potentially differ in their capacity as emergent pathogens.1
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Water buffalo (Bubalus bubalis) raising is gaining popularity in Argentina as an alternative
livestock production system and water buffalo and cattle can share the agroecosystem and
are occasionally reared together on the same farm. At present, information on the
epidemiological role of buffaloes in Bovine herpesvirus infection is limited. In the present work,
controlled experimental infection and transmission studies with buffaloes and cattle were
carried out. Eight male bovines and eight male buffaloes were strictly isolated in two equal
groups of four buffaloes and four bovines each. Buffaloes from both groups were inoculated
with 6 ml reference BoHV-1 or field BoHV-5 by intranasal aerosolisation. After 24 hours of
experimental infection four buffaloes per group were contacted with four naive cattle to
evaluate the transmission interspecies. During the next 21 days post-infection (dpi) or days
post-contact (dpc), viral excretion and clinical signs were checked. To evaluate the viral
reactivation, 60 dpi or dpc, an immunosuppressive treatment for 5 consecutive days was
performed in the animals. Each dpi or dpc, nasal and ocular secretions were collected and
inoculated into monolayers of MDBK cells.
All the buffaloes inoculated with BoHV-5 or BoHV-1 shed virus. The maximum viral excretion
titers were 105.5 TCID50 / ml or 107.5 TCID50 / ml for BoHV-1 and BoHV-5 group respectively.
The buffaloes showed moderate clinical signs and no showed nervous signs. Three of the four
contact bovines of buffaloes infected with BoHV-1 shed virus (102.5 and 106.5 DICT50 / ml)
however particles were not detected in any of the bovines contacted with buffalo
experimentally infected with BoHV-5. None of the groups of bovine contacts showed nervous
signs.
The results suggest that buffaloes are susceptible to BoHV-1 and BoHV-5. Preliminary results
would indicate that buffaloes infected with BoHV-5 are capable of transmitting the virus to
sentinel cattle where the virus doing latency and reactive. Results provided evidence of
reactivation of these infections and they could play an epidemiological role in the
circulation/transmission of the virus among domestic and wild ruminants and the impact in
the occurrence of natural recombinant emerging viruses with unknown pathogenesis.

ABSTRACT
Mary ("Molly") Rorick - University of Utah - US
Scientific teaching methods and EEID topics for evolution outreach in schools.
Mary M. Rorick

University of Utah

In the United States, there is a continued need for evolution outreach in schools. The concept
of evolution is fundamental to all of the earth and life sciences. There is no scientific debate
about whether life evolves. Biodiversity is the product of descent with modification from
ancestral lineages. Nevertheless, according to The National Center for Science Education,
acceptance and understanding of evolution is severely lacking, with fewer than 50% of adults
in the US aware that humans evolved from earlier species. Evolution is often seen as a threat
to personal worldviews and it is poorly understood. For these reasons it is imperative that
evolutionary biologists conduct outreach in schools, either by educating teachers or directly
working with students. Our goal at EvoLive.org is to apply scientific teaching methods to
design, implement and test effective educational “modules” on topics within evolutionary
biology for a range of age groups from Pre-K through 12th grade. In a setting where teachers
and students may already harbor false ideas and biases against science and evolution, we
find that infectious disease topics offer especially useful intellectual access points. Biological
anecdotes from the Evolution and Ecology of Infectious Diseases field show evolution
occurring rapidly (e.g., the evolution of drug resistance), or with dramatic selection pressures
(e.g., within a host-parasite arms race). Our results indicate that educational modules about
evolution can be carried out effectively by research scientists or school teachers and that
they are appropriate for children as young as 4 years old. Evolution education should start
early, and evolutionary biologists can impact whether the next generation will have a basic
understanding of this most important of biological concepts.

ABSTRACT
Igor Rouzine - Sorbonne University (UPMC) - France
An evolution-based high-fidelity method of epistasis measurement: theory
and application to influenza
G Pedruzzi and I Rouzine

Sorbonne University (UPMC)

Linkage effects in a multi-locus population strongly influence its evolution. The models based
on the traveling wave approach enable us to predict the average speed of evolution and
the statistics of phylogeny. However, predicting statistically the evolution of specific sites and
pairs of sites in the multi-locus context remains a mathematical challenge. In particular, the
effects of epistasis, the interaction of gene regions contributing to phenotype, is difficult to
predict theoretically and detect experimentally in sequence data. A large number of falsepositive interactions arises from stochastic linkage effects and indirect interactions, which
mask true epistatic interactions. Here we develop a proof-of-principle method to filter out
false-positive interactions. We start by demonstrating that the averaging of haplotype
frequencies over multiple Indiapendent populations is necessary but not sufficient for
epistatic detection, because it still leaves high numbers of false-positive interactions. To
compensate for the residual stochastic noise, we develop a three-way haplotype method
isolating true interactions. The fidelity of the method is confirmed on simulated genetic
sequences evolved with a known epistatic network. The method is then applied to a large
sequence database of neurominidase protein of influenza A H1N1 obtained from various
geographic locations to infer the epistatic network responsible for the difference between
the pre-pandemic virus and the pandemic strain of 2009. These results present a simple and
reliable technique to measure epistatic interactions of any sign from sequence data.

ABSTRACT
Faith Rovenolt - University of Pittsburgh - US
Modeling Female Guppy Choosiness and Its Effect on Parasite Prevalence
Faith Rovenolt, Dr. Jason Walsman, Dr. Jessica Stephenson
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The Hamilton-Zuk theory predicts a negative correlation between male ornamentation and
parasite load if ornamentation advertises resistance to parasites but empirical evidence
remains equivocal, such as in the Trinidadian Guppy-Gyrodactylus system. Female guppies
show variable preference to mate with brightly colored orange males. The orange area of a
male guppy has been experimentally correlated with resistance to Gyrodactylus spp., which
are directly-transmitted monogean ectoparasites. I’ve created a preliminary SIS model to
explore how female preference can affect parasite prevalence. My model shows that
increased preference for more ornamented males might result in increased parasitization of
resistant, orange males relative to non-resistant males, despite increased resistance, due to
increased social contacts with females. Therefore, modeling the effect of female guppy
preference for resistant, orange males on Gyrodactylus parasite spread might allow us to
understand the sometimes counterintuitive relationship between preference and prevalence.
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Antibiotic treatment impacts gut microbiota plasticity in a wild mammal
Kate A. Sabey, Allison E. Williams, Se Jin Song, Rob Knight, Vanessa O. Ezenwa
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Phenotypic plasticity, or changes in the expression of host traits over time, can help organisms
cope with changing environments. However, when a phenotype must respond to multiple
environmental factors simultaneously, ecological disturbances might limit these plastic
responses. One host trait that offers the opportunity to test this idea is the gut microbiota,
which both contributes to phenotypic plasticity and is sensitive to a wide variety of
environmental factors. For example, the microbiota is commonly disturbed by treatments for
infectious diseases. We examined whether a common intervention, antibiotic treatment,
altered gut microbiota plasticity in free-ranging Grant’s gazelles (Nanger granti). We found
that while the gut microbiota of control individuals was plastic over three months, antibiotics
dampened plasticity in treated individuals. Specifically, antibiotics altered microbial
abundance during the first 30-days after treatment, but then strikingly reduced changes in
microbial abundance between 60-days and 90-days post-treatment compared to control
individuals. Furthermore, this translated into different predicted functional profiles in treated
versus control individuals by 90-days post-treatment, with treated individuals showing a
reduced capacity for amino acid synthesis. These results suggest that antibiotics can limit
plasticity in the gut microbiota, with potential consequences for a host’s capacity to
acclimate to environmental change. This study also highlights that the effects of disease
interventions on the gut microbiota should be interpreted in the context of background
plasticity.

ABSTRACT
Dan Salkeld - Colorado State University - US
Under the radar: smouldering pathogen transmission in wildlife pathogen
reservoirs
Dan Salkeld, Madeline Tapson, Hendrik Poinar

Colorado State University and McMaster University

1Detection of pathogens prior to outbreaks may fail if surveillance programs are not targeted
to discover low rates of transmission in wildlife populations. Plague - caused by Yersinia pestis is a zoonosis from rodents that appears to cause sporadic outbreaks. In the US the bacterium
threatens prairie dogs and the rare black-footed ferret. However, ecological surveillance
demonstrates that plague can circulate widely and consistently in rodent populations.
Insights from US ecosystems suggests that historical plague epidemics in Europe share similar
properties, and that vertebrate reservoir diversity in Europe and North Africa may have
maintained plague's persistence in Europe for centuries following the Black Death.

ABSTRACT
Cecilia Sanchez - EcoHealth Alliance - US
A strategy to assess spillover risk of bat SARS-related coronaviruses in
Southeast Asia
Cecilia A. Sánchez, Hongying Li, Kendra Phelps, Carlos Zambrana-Torrelio, Kevin J. Olival,
Peter Daszak
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11The emergence of wildlife-origin coronaviruses, including SARS, MERS, and COVID-19, has
significantly disrupted global health security and economies over the last two decades. Bats
have been identified as reservoir hosts for emerging coronaviruses, with evidence suggesting
that some SARS-related CoVs (SARSr-CoVs) may be able to spill over directly from bats to
humans (without needing an intermediate host). It is likely that bat-to-human spillover events
occur more frequently than is currently appreciated but go unrecognized. Each spillover
event represents an opportunity for viral adaptation that permits onward spread in humans;
therefore, quantifying the extent of this “hidden” spillover is thus an important step in
understanding populations at risk of future epidemics or pandemics. In this study, we use
habitat suitability and elevation data to first derive narrower, more biologically realistic range
distributions for known bat hosts of SARSr-CoVs. We focus our analysis on Southeast Asia, a
hotspot of bat diversity and an area with dynamic social and environmental changes often
associated with zoonotic emergence. We then synthesize data on human population density,
bat-human interactions, and seroprevalence of bat-origin viruses among human populations
to estimate the extent of potential hidden spillover in Southeast Asia. Our results provide the
most detailed picture to date of the distribution and species richness of bat hosts of SARSrCoVs and suggest geographic areas that could be prioritized for targeted surveillance of
bats, potential intermediate hosts, and humans.

ABSTRACT
Charlène Sanchez - Université de Montpellier - France
Host availability affects parasite transmission at the front of experimental
epidemic waves
Sanchez, Charlène; Gougat-Barbera, Claire; Kaltz, Oliver; Zilio, Giacomo
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Host availability affects parasite transmission at the front of experimental epidemic waves
Rapid evolution of parasite virulence and transmission may strongly affect the spread of an
epidemic. Certain theoretical models predict that parasites at the front of an epidemic
become more virulent than those from the core, because transmission at the front is not
limited by the availability of new hosts. However, if susceptible hosts are rare or if parasites rely
on hosts for their own dispersal, the opposite prediction could hold.
Using interconnected microcosms of the protozoan Paramecium caudatum we simulate
epidemic waves of the bacterial parasite Holospora undulata, where episodes of dispersal
alternate with periods of population growth and transmission. In a factorial experimental
design, we modify (i) infected host dispersal (active swimming vs artificial transfer by
pipetting), and (ii) host availability (dispersal into empty patches vs patches filled with
susceptible hosts).
We expect more prudent parasites to evolve with natural dispersal into empty patches,
mitigating constraints imposed by the necessity to keep host in good shape for dispersal. In
contrast, virulence may be highest when infected hosts are pipetted into new patches
populated with large numbers of susceptibles, thereby removing dispersal constraints and
transmission constraints due to 'self shading'.
We will present results of the initial epidemiological dynamics of this ongoing experiment.
Preliminary data indicate a faster increase in levels of infection in treatments where infected
hosts arrive in empty patches. This unexpected result may be due to feedbacks between
population growth and the infection life cycle, namely the release of parasite transmission
stages. We therefore anticipate counterintuitive long-term evolutionary responses to our
treatments. These experimental results may inspire novel epidemiological models, explicitly
taking into account the mode of host dispersal or the demographic dynamics at the front of
expanding epidemic waves.

ABSTRACT
Méline Saubin - INRAE/Université de Lorraine - France
Impact of ploidy and pathogen life cycle on resistance durability
Saubin Méline, De Mita Stéphane, Halkett Fabien
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The development of resistant hosts based on the gene-for-gene interaction is crucial to
address epidemics of plant pathogens in agroecosystems. Resistant host deployment
strategies are developed and studied worldwide to decrease the probability of resistance
breakdown and increase the resistance durability in various pathosystems. A major
component of deployment host strategies is the proportion of resistant hosts in the landscape.
However, the impact of this proportion on resistance durability remains unclear for diploid
pathogens with complex life cycles. In this study, we modelled pathogen population
dynamics and genetic evolution at the virulence locus to assess the impact of the ploidy
(haploid or diploid) and the pathogen's life cycle (with or without host alternation) on
resistance durability. Ploidy has a strong impact on evolutionary trajectories, with much
greater stochasticity and delayed times of resistance breakdown for diploids. This result
emphasizes the importance of genetic drift in this system: as the virulent allele is recessive,
positive selection on resistant hosts only applies to homozygous (virulent) individuals, which
may lead to population collapses at low frequencies of the virulent allele. We also observed
differences in the effect of host deployment depending on the pathogen's life cycle. With
host alternation, the probability that the pathogen population collapses strongly increases
with the proportion of resistant hosts in the landscape. Therefore, resistance breakdown
events occurring at high proportions of resistant hosts frequently amount to evolutionary
rescue. Last, life cycles correspond to two selection regimes: without host alternation (soft
selection) the resistance breakdown is mainly driven by the migration rate. Conversely, host
alternation (hard selection) resembles an all-or-nothing game, with stochastic trajectories
caused by the recurrent allele redistributions on the alternate host.
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Many of the world’s most pressing issues, such as the emergence of zoonotic diseases, can
only be addressed through interdisciplinary research. However, the findings of interdisciplinary
research are susceptible to miscommunication among both professional and nonprofessional audiences due to differences in training, language, experience, and
understanding. Such miscommunication contributes to the misunderstanding of key concepts
or processes and hIndiars the development of effective research agendas, disease
prevention or mitigation strategies, and public policy. These misunderstandings can also have
devastating effects on conservation, for example, leading to persecution of bats and even
government calls to cull them. Here, we identify five types of miscommunication driven by
the use of terminology regarding bats and the emergence of zoonotic diseases, which we
have categorized based on their root causes: 1) Incorrect or overly broad use of terms; 2)
Terms with unstable use or varying use between disciplines; 3) Use of common words as
jargon; 4) Terms used correctly that spark incorrect inference: 5) Incorrect conclusions from
evidence. We illustrate each type of miscommunication with commonly misused or
misinterpreted terms, providing a definition, caveats and common misconceptions, and
alternatives as appropriate. While we focus on terms specific to bats and disease ecology,
we provide a general framework for addressing miscommunication that can be applied to
other topics and disciplines for more effective research, problem-solving, and public policy.

ABSTRACT
Kelsey Shaw - Emory University - US
Resource competition alters the population size structure of Biomphalaria
glabrata: Implications for control of human schistosomiasis
Shaw KE, Cloud B, Maduraiveeran G, Civitello DJ
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Schistosomes, the causative agent of human schistosomiasis, are environmentally transmitted
between human and snail hosts via free-living life stages in freshwater. Schistosomes seek out
larger snail hosts at a greater frequency, but they have a lower probability of infection
success with increasing snail size. Biocontrol of Biomphalaria snails, the host genus for
Schistosoma mansoni, has been attempted historically by introducing invasive, non-host snail
species with the intention of outcompeting and locally extirpating Biomphalaria. However, in
many regions these attempts were unsuccessful and competitor species such as Melanoides
tuberculata continue to co-exist with Biomphalaria spp. In this study we quantitatively
characterize the size-susceptibility relationship for Biomphalaria glabrata and Schistosoma
mansoni and build a size-based transmission model for this system in which we explore the
impact of different host population size structures on schistosome prevalence. In these
simulations, we find that populations with a greater proportion of small snails (<4mm) exhibit
higher overall schistosome prevalence. We then experimentally demonstrate that when the
non-host snail Melanoides tuberculata co-exists with Biomphalaria glabrata, its presence
alters the size structure of the Biomphalaria population in a resource-dependent manner.
Specifically, in lower-resource environments the presence of Melanoides tuberculata can
result in a size-based bottleneck for Biomphalaria, resulting in an overrepresentation of snails
<6mm in length. Due to the relationship between snail size and schistosome infection risk,
these findings suggest that competitor snails could have unexpected effects on schistosome
transmission when they do not completely eliminate vector snails. These effects could explain
why schistosome transmission persists in habitats in East Africa where Melanoides or other snail
species stably coexist with Biomphalaria.

ABSTRACT
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ESTIMATING THE TRUE TRAJECTORY OF SARS-CoV-2 IN NEW JERSEY USING
SEROLOGY AND PCR DATA
Ari Freedman, Justin Sheen, Stella Tsai, Jihong Yao, Edward Lifshitz, David Adinaro, C. Jessica
E. Metcalf, Bryan Grenfell
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Previous efforts to estimate true COVID-19 prevalence over time have largely employed
mechanistic models of transmission combined with data on PCR-confirmed positive cases.
However, such models assume key transmission parameters and dynamics that may remain
uncertain, while rarely taking advantage of the unprecedented volume of weekly, countylevel serological testing data that the COVID-19 pandemic has produced. In this poster, we
present a novel method for estimating COVID-19 prevalence that utilizes (1) the number of
first-time PCR-positive individuals over time, (2) the number of first-time seropositive confirmed
individuals over time, and (3) the waiting times between first PCR-positive confirmation and
first seropositive confirmation for those infected individuals who had received both tests.
Leveraging these intersecting sources of data, we are able to provide estimates of infections
over time in New Jersey from March 1, 2020, to March 31, 2021, free of any assumptions about
transmission dynamics. Rather, we make simple assumptions and fit parameters related to
peoples’ testing behavior, thus also providing insights into how this testing behavior has
changed over time. We find that the underreporting of COVID-19 cases was most severe at
the onset of the pandemic, while individuals who were confirmed seropositive later in the
pandemic were less likely to have been previously reported by a positive PCR result. We
confirm the robustness of our estimation procedure with simulated data, thus highlighting the
generality of our methods and the need for widespread serology testing with future
epidemics.
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Experimental evolution of Batrachochytrium dendrobatidis, a lethal pathogen
of amphibians, in climate change conditions
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Climate change is expected to influence infectious disease dynamics, particularly in systems
where both hosts and their pathogens are highly temperature sensitive. For example, some
studies predict that increases in temperatures may alter pathogen emergence, transmission,
and pathogenicity such that disease is exacerbated with potentially negative consequences
for host populations. Yet, the effect of climate change on pathogens and their hosts is
currently understudied. One ideal system to investigate this possibility is amphibian
chytridiomycosis, which is a disease caused by the temperature-sensitive fungal pathogen,
Batrachochytrium dendrobatids (Bd), in ectothermic amphibian hosts. We used experimental
evolution to investigate the potential impact of increased mean daily temperatures on Bd
growth and reproduction in in vitro experiments for multiple isolates. Specifically, we serially
propagated five Bd isolates in temperature conditions that simulated current and future (i.e.,
predicted for climate change) thermal conditions in amphibian habitats. We then quantified
Bd traits that are related to pathogenicity, including growth rates, viability, and zoospore
densities. We found that a subset of the lineages that propagated in future temperature
conditions had higher zoospore densities and viability than those of lineages propagated in
current temperature conditions. Our findings suggest that higher temperature conditions that
are predicted with climate change may result in increased growth and reproductive rates for
Bd. This study provides a better understanding of how thermal conditions predicted with
climate change may influence Bd growth patterns such that pathogenicity, transmission, and
chytridiomycosis dynamics are altered. Future research comparing the pathogenicity of
ancestral and evolved lineages resulting from this experimental evolution study may clarify if
climate change thermal conditions will alter disease development in in vivo experiments.
Overall, additional research on how pathogens respond to thermal shifts will shed light on
how climate change may influence disease dynamics.
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Estimating the cumulative incidence of SARS-CoV-2 infection and the
infection fatality ratio in light of waning antibodies
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Background: To understand and control the COVID-19 pandemic, we need to reliably
estimate the cumulative incidence of SARS-CoV-2 infection. SARS-CoV-2 antibodies may
wane below the detectable level of some serologic assays within months, leading to
underestimation of cumulative incidence based on cross-sectional seroprevalence. We
developed a Bayesian model for estimating cumulative incidence from serology studies,
accounting for antibody acquisition (seroconversion) and waning (seroreversion) over time.
We applied this framework to seroprevalence data from New York City, Connecticut, and a
national probability survey of US households (“COVIDVu study”).
Methods: We first estimated the duration of seropositivity using COVID-19 mortality data and
longitudinal cross-sectional seroprevalence data. Using this estimated duration and observed
seroprevalence data, we estimated the cumulative incidence and infection fatality ratio (IFR)
of SARS-CoV-2 infection in New York City, Connecticut, and at the national level in 2020.
Results: The estimated average duration of seropositivity was 3-4 months. After accounting for
waning antibodies, the estimated cumulative incidence reached 26.8% (95% credible
interval: 24.2-29.7%) in New York City, 8.8% (7.1-11.3%) in Connecticut on September 30 and
12.0% (95% CrI: 10.3-13.4%) at the national level on October 30. These are higher than the
corresponding daily seroprevalence (4.9% in New York City, 1.3% in Connecticut, and 5% at
the national level). The estimated IFR was 1.1% (1.0-1.2%) in New York City, 1.4% (1.1-1.7%) in
Connecticut, and 0.64% (0.58-0.75%) at the national level.
Conclusions: The cumulative incidence of SARS-CoV-2 infection is underestimated using
serology data without adjustment for waning antibodies. Our approach can quantify the
magnitude of underestimation and adjust estimates, which can serve as a baseline against
which to evaluate the population-level impact of COVID-19 vaccines.

ABSTRACT
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Evolution of host resistance and tolerance to a bacterial infection
Luís Silva & Sophie Armitage
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Hosts mainly rely on two immune strategies when faced with infection. They can either limit or
clear an infection, named resistance, or reduce the cost of a given infection or the
complementary immune response, referred to as tolerance. While host resistance evolution
has been heavily studied in the past decades, tolerance is relatively new in the animal field.
Here, we present the first study with selection for tolerance. We selected fruit flies for
resistance or fecundity-tolerance to a bacterial infection with Lactococcus lactis for eight
generations and assessed changes in immune strategies and proteomic profile of each
selection regime afterwards. Our results show tolerance as a preferable immune strategy
regardless of the regime for this model. Moreover, flies’ proteome highlights the importance
of the antioxidant activity, resource sequestration and tissue repair as tolerance-linked
mechanisms.
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Eptesicus fuscus with chronic Pseudogymnoascus destructans exposure
weigh less in northern latitudes compared to southern latitudes
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Pathogen introductions can cause host traits to shift. Trait shifts allow hosts to adjust to
pathogen exposure, or survivorship is reduced if they cannot adjust. Pseudogymnoascus
destructans (Pd), the fungal pathogen causing white-nose syndrome, has devastated North
American temperate bat populations since its introduction to the US in 2006. Pd infection
depletes fat stores of highly susceptible hibernating bats and those surviving have trait shifts
for increased fat stores. Trait shifts in less susceptible species are unknown, but they could
experience cumulative mass losses from annual Pd exposure over time. This pattern could
also be amplified by spatial patterns confounded with environmental conditions for optimal
Pd growth. Big brown bats (Eptesicus fuscus) are less susceptible to Pd infection compared to
highly susceptible species and persist after Pd introduction in their native range. We
hypothesized E. fuscus would decrease mass with Pd exposure time and latitude across the
eastern US. We used E. fuscus capture data across the eastern US to create linear mixed
effects models for mass as a function of Pd exposure time, latitude, reproductive status
(females only), and capture site. We identified a latitudinal inflection point which delineated
shifts in mass with Pd exposure. Once Pd was established on the landscape (5+ years),
northern E. fuscus weighed less than southern E. fuscus and differences in mass across the
inflection increased over time. This suggests 1) physiological responses to pathogen
interactions in less susceptible species may be more recognizable with long-term exposure
compared to initial impact, and 2) responses over time are likely confounded with
environmental conditions associated with latitude. Our results support the need for more
research into long-term physiological shifts of less susceptible species with chronic pathogen
exposure to fully understand wildlife disease impacts.
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Rodent population assemblages in West Africa and their potential zoonotic
pathogens: A scoping review
David Simons, Kate Jones, Deborah Watson-Jones, Richard Kock
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Rodents represent 40% of all mammalian species and are important components of small
mammal assemblages globally. Particularly in sub-Saharan Africa they are significant
contributors to agricultural crop loss alongside being hosts for zoonotic pathogens of
importance to local human populations. Trapping of individual rodents, identification to
species and assays for the presence of potential zoonotic pathogens provides a source of
data for understanding the potential ecological and human health impact of changing small
mammal populations.
This scoping review synthesises research conducted in West Africa specifically to; a) identify
the aims of rodent research and summarise methodological approaches b) identify the
locations, habitats and rodent species that have been studied, c) identify potential zoonoses
tested for and which host species they are found in.
A systematic search of online databases for studies conducted within the United Nations West
Africa subregion was performed.
4,282 records were identified from the initial search with 124 studies published between 1974
and 2021 included in narrative synthesis. Studies were conducted in 14 of 16 West African
countries. 73,164 small mammals were trapped, predominantly from the order Rodentia.
These individuals were identified to 147 species with Mastomys natalensis, Rattus rattus and
Mastomys erythroleucus the most common. 55 studies investigated potential zoonotic
pathogens with 7 further studies investigating rodent pathogens. Thirty-two microorganisms
were tested for including viruses, bacteria, and parasites. The distributions of rodents and their
pathogens have been mapped. Mastomys natalensis was found to be most commonly
infected by Lassa mammarenavirus and Bartonella sp., Arvicanthis niloticus was most
commonly infected with Borrelia sp. and Mus musculus was most commonly infected with
Toxoplasma gondii.
In conclusion current research efforts to describe the rodent populations of West Africa has
provided some information about the distribution of species across this heterogenous region
and the distribution of potential pathogens within individual species.
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In the United States, bovine tuberculosis (bTB) continues to persist on beef and dairy farms at
low levels, and current control measures are able to maintain this low prevalence. With the
goal of eradication of bTB in an agricultural setting, detection of these few infected animals
becomes increasingly important. To account for the imperfect test sensitivity, surveillance
must increase when prevalence is low to detect these few infected individuals; however,
testing policies actually decrease surveillance once the prevalence becomes low. Given this
apparent juxtaposition of importance, we are interested in the role that these few
undetected animals play in the dynamics of bTB, and how diagnostic testing effects our
ability to detect these infected animals.
We present a modified Susceptible-Exposed-Infectious (SEI) model framework to simulate the
latency dynamics of bTB and the effects of imperfect diagnostic testing. The model is run for
a range of parameters to reflect differences in the behaviors between beef and dairy farms
of varying sizes.
The results of these simulations are analyzed, and we observe differences between infection
dynamics between beef and dairy farms over a range of sizes and sources of infection. We
see that a constant risk of infection from wildlife and fomite contact results in persistence of
infection on a premises. If the only source of infection is from infected imports, there is a
probability of fadeout dependent on farm size and type. Sensitivity analyses were performed
on the model parameters, and we found that import and export rates play the largest role on
true prevalence, while parameters associated with test specificity have a greater effect on
the observed prevalence. These results can be used to better inform prioritization of
diagnostic test improvements or assess the effectiveness of various response measures.

ABSTRACT
Elodie Simphor - Université de Perpignan Via-domitia - France
Selection of two sub-populations Biomphalaria glabrata for their resistance
and susceptibility to Schistosoma Mansoni
Elodie Simphor, Rémi Pichon, Anne Rognon, Richard Galinier, Benjamin Gourbal, David Duval

Interactions Hosts Pathogens Environment, UMR 5244, CNRS, IFREMER, UM University of
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Host defence mechanisms and parasite infectivity are key elements in host-parasite
interactions. This co-evolutionary process is reflected in natural populations by a compatibility
polymorphism based on the concordance or non-concordance of key molecular
determinants of the interaction, resulting in a matching molecular variant process. Thus,
S.mansoni parasite success or failure with B.glabrata reflects a complex molecular dialogue
between host defence mechanisms and parasite virulence mechanisms. In order to
characterize the molecular determinants involved in these interactions, we selected from a
single population of mollusks (same genetic background) two sub-populations, one resistant
and the other susceptible to the infection. The selection of these contrasting infection
phenotypes is the first step before conducting specific comparative approaches. From these
phenotypes, we characterized life history traits as well as immune capacities by measuring
hemolymph volume, hemocytes number and morphology. Our initial studies show that no
fitness cost linked to resistance such as growth, reproduction was observed. We have also
revealed a behavioral difference about hemocytes adhesion between both snail
subpopulations. All these approaches will be useful to identify key markers involved in
snail/parasite compatibility. Finally, we hope also to identify new ways or strategies to fight or
control the disease in the field through a possible introgression of the resistant subpopulation.

ABSTRACT
Benjamin Singer - University of Oxford - UK
Is spatial targeting of vaccine allocation based on risk effective?
Benjamin J Singer, Robin N Thompson, Michael B Bonsall

University of Oxford

When using a vaccination programme to attempt to control the spread of a pathogen,
vaccines can be allocated to particular spatial regions. Often, some form of prioritisation of
regions is necessary, to decide where vaccines will be distributed first, or at all. Existing
modelling studies of spatial targeting of vaccine allocation assume that the most effective
prioritisation strategy is based on risk, with the regions at highest risk of importing the
pathogen prioritised for vaccination. In this study we use a metapopulation model to show
that this assumption is valid only under certain conditions—in particular, when the spreading
capability of a pathogen is small relative to the resources available for control of the
pathogen. When pathogen spread is faster, or resources more scarce, we show that
prioritisation based on centrality measures applied to the travel network can be more
successful than risk-targeting at reducing the expected number of infections. We also show
that different centrality measures perform differently, with a measure called random walk
percolation centrality consistently outperforming betweenness centrality.

ABSTRACT
Rachel Sippy - University of Cambridge - UK
Diversity of Dengue Lineages in Bangkok, Thailand, 1973—2014
Rachel Sippy, Lin Wang, Richard Jarman, Irina Maljkovic Berry, Stefan Fernandez, Derek
Cummings, Henrik Salje
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Dengue virus circulates under hyper-endemic conditions in Thailand. Each year, all four
dengue serotypes are observed, but it is unclear how much genetic diversity exists within and
among these serotypes, and how that diversity has changed over time. The use of viral
sequences can help. Here, we provide a comprehensive assessment of the diversity of
dengue within the single setting of Bangkok, Thailand over a 40-year time period. We use
nearly 2000 viral sequences covering all four serotypes and more than 13,000 case reports.
We calculate the diversity of dengue within any year using different metrics: the diversity in
serotypes, the diversity in intra-serotype genotypes or, at the most granular level, the diversity
present in the circulating genomes. We also calculate the number of Indiapendent
transmission chains circulating within any time period as inferred from time-resolved
phylogenies. We find that although each serotype is largely represented by a singular
genotype within each year, many years (1983-1985, 1987, 2001, 2005-2007, 2010-2014) had
five or more genotypes in circulation during the year. The number of Indiapendent
transmission chains varied over time; with an average of 936 chains within any year, ranging
from 55 to 1126 within any one period. This genetic diversity metric represents a component
of a larger modeling effort to understand the external drivers explaining diversity and its
variation over time.

ABSTRACT
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Integrating physiological competence and ecology to determine host and
vector importance for vector-borne pathogens
Eloise Skinner1,2, Morgan Kain1,3, Andrew van den Hurk3, Hamish McCallum2, Erin Mordecai1
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It is notoriously difficult to ascertain the role that vertebrate host and vector species play in
zoonotic transmission cycles. However, incriminating key species is important for limiting
transmission and subsequent spillover to humans. Here, I present a model which was
developed to identify the relative importance of different vector species, and reservoir hosts
for Ross River virus (RRV) in Brisbane.
The model was built using a nested approach which first identified the most competent
species based on laboratory studies (i.e. vector competence and experimental infection
studies). These findings were then integrated with species’ ecology in the greater community
(i.e. population abundance, vector-host contact rate, and host seroprevalence). We found
that vertebrate species with high physiological competence weren't the most important for
community transmission. Instead, we estimated that humans (previously overlooked as
epidemiologically important hosts) potentially play an important role in RRV transmission, in
part, because highly competent and abundant vectors readily feed on them. By contrast,
vectors with high physiological competence were also important for community transmission.
Finally, we uncovered two potential transmission cycles: an enzootic cycle involving birds and
an urban cycle involving humans.
This nested modelling approach is advantageous for multi-host and multi-vector pathogens
because it is broadly applicable, and highlights which datasets have high uncertainty. This
allows for future investigations to target data collection efforts in a way that specifically
increases the power of the model and overall provides a better understanding of the
complex transmission dynamics of arboviruses. Broadly, modelling can provide a common
language to interpret multidisciplinary research, but it is also important to understand the
pitfalls and caveats surrounding these approaches.

ABSTRACT
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Phylogenetic signal and correlation in host susceptibility to different viruses
Camila Souza Beraldo, André Coppe Pimentel, Marcos Martins, Ben Longdon, Rodrigo Cogni
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Host shifts — where a pathogen jumps from one host species to another — have been
described as one of the main factors leading to emerging infectious diseases (EID). The harm
that a pathogen causes to a host (virulence) varies following a host shift. Differences in
susceptibilities among host species means that pathogens may be more likely to switch
between certain groups of hosts. Factors that determine the variation in host susceptibility are
still unknown, but one possible predictor is the host evolutionary history. In this study, we
examined how phylogenetically related hosts vary in susceptibility when dealing with
infections of two viruses differing in pathogenicity. We infected 41 species of Drosophilidae
with Drosophila A virus (DAV), a virus initially described as avirulent, and we measured host
mortality (virulence) and virus replication (viral load). Then, we compared our results to
previously collected data from the virulent Drosophila C virus (DCV), and we analyzed the
data of both viruses together. We found large variation in DAV virulence and viral load, with
benign infections in some cases and high mortality in others. There was phylogenetic
correlation in viral load, with species presenting similar viral load clustering together in the
phylogeny. However, we did not find correlation for virulence, indicating that DAV virulence
was not predictable based on viral load. In addition, we did not find correlation between
DAV and DCV results, indicating that variation in host susceptibility is not predictable by other
pathogens infections. It is possible that hosts and parasites ecology or genetic traits will be
also influencing susceptibility variation. These results suggest that although some traits are
predicted by phylogeny, to determine the factors driving host susceptibility variation to
different pathogens following host shifts is a very complex task.
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Contemporary and historical selection in Tasmanian devils (Sarcophilus
harrisii) support novel, polygenic response to transmissible cancer
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Tasmanian devils (Sarcophilus harrisii) are evolving in response to a unique transmissible
cancer, devil facial tumour disease (DFTD), first described in 1996. Persistence of wild
populations and the recent emergence of a second Indiapendently evolved transmissible
cancer
suggest that transmissible cancers may be a recurrent feature in devils. Here we compared
signatures of selection across temporal scales to determine whether genes or gene pathways
under contemporary selection (6-8 generations) have also been subject to historical selection
(65-85 million years). First, we used targeted sequencing, RAD-capture, in approximately 2,500
devils in six populations to identify genomic regions subject to rapid evolution. We
documented genome-wide contemporary evolution, including 186 candidate genes related
to cell cycling and immune response. Then we used a molecular evolution approach to
identify historical positive selection in devils compared to other marsupials and found
evidence of selection in 1,773 genes. However, we found limited overlap across time scales,
with only 16 shared candidate genes, and no overlap in enriched functional gene sets. Our
results are consistent with a novel, multi-locus evolutionary response of devils to DFTD. Our
results can inform conservation by identifying high priority targets for genetic monitoring and
guiding maintenance of adaptive potential in managed populations.
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Investigating how host microbiota affects the evolution of pathogen virulence.
Emily J. Stevens, Steve Paterson, Hinrich Schulenburg, Edze Westra & Kayla C. King.
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Natural host microbiota has been widely shown to play a protective role against infection in
animal hosts. However, host microbiota can also facilitate pathogen infection in some cases.
How pathogen evolution is impacted by this microbiota-mediated facilitation is unclear.
Here, we have shown that the presence of native microbiota strains in the gut of
Caenorhabditis elegans nematode worms exacerbates infection by the bacterial pathogen
Staphylococcus aureus. Subsequently, we experimentally passaged S. aureus through
successive C. elegans host generations in either the presence or absence of a microbiota.
We track the evolutionary dynamics of infection, to determine how co-evolution with a
microbiota affects pathogen virulence. We are further investigating the effect of microbiota
dysbiosis on pathogenesis and exploring whether a host-adapted microbiota community can
be used to treat infection in this model system. In the face of increasing levels of antibiotic
resistance in a variety of bacterial pathogens, manipulation or artificial augmentation of the
host microbiota may provide a promising alternative approach to treating infections. Having
a better understanding of microbiota-pathogen interactions and their evolutionary
consequences will be important in aiding development of these approaches.
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Local interventions: Once you start to intervene, the details start to matter
even more.
David Suárez-Salazar (1), Alejandro Feged-Rivadeneira (2), Felipe González-Casabianca (2),
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Following the spread of SARS-CoV2 in the world, both city and national governments imposed
strict lockdowns. Mainly, the goal was to avoid saturation of their healthcare systems, citylevel lockdown has been demonstrated to reduce transmission controlling healthcare
demand principally measured by the percentage of ICU units occupied at a specific time. As
pandemic unfolds, the economic cost measures like the increase of unemployment, social
cost, and the fatigue to attain the imposed policies by individuals, forced the government to
relax the imposed lockdown and look at other public policies to reduce the virus transmission
across cities. In Colombia, like in most of the countries in Latin-American new waves are still
happening, resulting in a high occupation of ICU, and new strategies of prevention with
partial lockdowns and curfews. These new sets of lockdowns have exacerbated poverty,
inequalities, and mental health. Here we propose a framework to intervene the system based
on measures oriented to detect potential super-spreaders.
We have used observed contact networks for neighborhoods of Bogotá, Colombia
constructed from mobile device data. With this dataset, we explore the effect of the
identification and isolation of nodes, denoted as high-risk individuals that were selected with
several measured centralities such as betweenness, eigenvector, PageRank, Katz, and
degree. Furthermore, we developed our risk measure based on stochastic SEIR model
simulations, tracking down infection trees for each node that contains the probability of
contact between two nodes. In general, we demonstrated that focalized interventions
based on the idea of having nodes at high risk of generate large transmission chains could
have the same impact as lockdowns but certainly with lower economics and social
consequences.

ABSTRACT
Daniel Suh - University of Georgia - US
Community composition, abundance, and environmental conditions may
synergistically enhance transmission of a ranavirus in larval amphibian
communities
Daniel C. Suh and Andrew W. Park
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Communities of hosts can change through space and time, altering the transmission
potential of parasites. We investigated how changes in host composition, total host
abundance, and environmental conditions affect a ranavirus in larval amphibian
communities. We developed a dynamical model for ranavirus in a 2-species community and
manipulated this model in terms of community composition, host abundance, and viral halflife. Next, we measured community competence, diversity (richness, evenness, phylogeny),
and overall composition using previously collected amphibian community data. Community
competence is the propensity for a community of hosts to support a parasite and was
calculated as the sum of the products of each species’ mean viral load and their relative
abundance in a community. After calculating these metrics, we used data visualization and
correlation tests to detect patterns between our variables of interest (composition,
abundance, and environment) and transmission potential of ranavirus.
Our transmission model showed that manipulations of community composition, host
abundance, and viral half-life can all enhance a community’s ability to support a parasite,
and that when combined, the effects of these variables resulted in communities highly
susceptible to ranavirus. Analysis of real host communities confirmed that similar host
compositions (according to PCA ordination) had similar community competence, but
dissimilar compositions could still result in similar community competence. In our diversity
analysis, we found patterns across an evenness gradient but not across richness. We also saw
that high competence species appeared intermediately dispersed throughout the
phylogeny. Further analysis showed that communities with high community competence
were often the most abundant and occurred in months with lower temperatures, resulting in
communities highly susceptible to ranavirus. Finally, in univariate correlation tests, community
competence, host abundance, and water temperature were all significantly correlated with
infection prevalence in host communities.

ABSTRACT
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Escherichia coli strain and antimicrobial resistance exchange between
humans and animals via environmental pathways in Kenyan urban informal
settlements
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Antimicrobial resistance is an urgent global health threat expected to disproportionately
impact those living in poverty. While the presence of antimicrobial-resistant bacteria in animal
and environmental reservoirs is documented, a comprehensive understanding of pathways
and mechanisms of antimicrobial resistance gene (ARG) transmission between humans,
domestic animals, and their shared homestead environment is missing. Here, we leverage a
prospective sampling design to analyze Escherichia coli isolates from human stools, poultry
cloacal swabs, dog faeces, soil, and drinking water from 50 households with children under
five years in low-income settlements in Nairobi, Kenya. We aim to identify overlapping E. coli
strains, ARGs, and mobile genetic elements to determine whether 1) there is greater zoonotic
overlap in the same versus different households; 2) children (<15 years) or adults (≥15 years)
have greater overlap with animals living in the same household; and 3) soil and water are
pathways for zoonotic exchange of E. coli, ARGs, and mobile elements. Previously, up to five
cultured E. coli colonies from each sample were selected from Tryptone Bile X-glucuronide
agar plates and pooled. We propose to perform hybrid assembly of long and short reads of
genomic DNA extracted from all samples. A pilot analysis of assembled and polished longread contigs from one non-animal-owning household has revealed overlap of pathogenic
(e.g., E. coli O127:H6) and antimicrobial-resistant E. coli, including identical resistance genes,
between environmental samples and human stools. Leveraging hybrid assemblies to identify
resistance genes in their genomic context, as well as highly similar bacterial strains and
identical ARGs/plasmids, through this study is an important advancement in understanding
how antimicrobial resistance circulates in urban informal settlements between human,
animal, and environmental reservoirs. Findings from this work will provide valuable data to
inform the design of future environmental interventions to interrupt antimicrobial resistance
transmission in urban low-income households.

ABSTRACT
Amy Sweeny - University of Edinburgh - UK
Empirical Dynamic Modelling Reveals Chaos and Causality in the Microbiome
Amy R Sweeny, Dylan Z Childs, Luke McNally
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Within-host communities of commensal microorganisms have pervasive effects on host
biology, with important epidemiological consequences. The plasticity of these communities
and their involvement with disease have made microbiome-based therapeutic options
desirable. Many such approaches aim to encourage the beneficial functions of the “friendly”
bacteria (e.g. faecal microbiome transplants for persistent Clostridium difficile infections).
Understanding broad rules and characteristics governing microbiota communities can more
reliably inform the design and potential of the microbiome as a treatment option. For
example, ascertaining how predictable the individual microbiome is can inform estimates of
expected efficacy and timeframes of interventions. Empirical dynamic modelling (EDM) is a
nonparametric framework for modelling complex nonlinear systems using lagged timeseries
reconstructions and forecasting for members of a system (community). We applied this
approach to gut microbiome data from a previously published study sampling two individuals
every day for a full year (David et al 2014, Genome Biology). Combining this approach with
these powerful timeseries, we show that over 80% of the operational taxonomic units (OTUs)
present in an individual microbiome exhibit chaotic dynamics. An additional attractive
feature of EDM is detecting causality using convergent cross mapping (CCM), where
relationship between two members of the system can be inferred by how well one time series
reconstruction predicts the other. We evaluate each pairwise combination of the > 4,000
OTUs present in one subject’s microbiome and identify a large network of interacting OTUs.
We will present results detailing the nonlinearity of the gut microbiome and the degree to
which constituent members interact and discuss the implications of quantifying theses system
characteristics and network structure of the microbiome for understanding its role in host
health and fitness.
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Resistance, Tolerance and Host Competence
Christina Tadiri (1), Gregor Fussmann (1), Marilyn Scott (2)
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Host competence, defined as the likelihood that a host will transmit infection, may be
affected by an individual’s resistance to infection and its ability to withstand damage caused
by infection (tolerance). Despite being conceptually based at the individual-level, many of
these qualities are difficult to measure. The objective of the present study was to develop
metrics for measuring resistance, tolerance and competence and the individual-host level,
and to determine whether individual host resistance (ability to resist or minimize infection)
and/or tolerance (ability to withstand or minimize reduction in fitness due to infection)
contributed to the competence (ability to spread infection) of hosts in a metapopulation of
guppies infected with the ectoparasite, Gyrodactylus turnbulli. This individual-fish level
analysis used data collected from a previous metapopulation experiment that had tracked
host-parasite dynamics at the metapopulation scale using individually marked guppies that
were moved among experimental tanks within replicate metapopulations. Fish tolerance
was measured as the residual from a fish’s expected survival post-infection for a given
parasite burden. Fish resistance was measured as the negative peak parasite load (logtransformed). Host competence was measured as the incidence (number of new infections
over two days after the arrival of a fish to a tank) weighted by the density of available
uninfected fish in the tank. Individual fish tolerance and resistance were negatively
associated with competence. Connectivity (the number of fish with which an individual
came into contact) was not associated with competence. Our results indicate that
resistance and tolerance are both important to disease spread. These findings highlight the
importance of understanding how individual defence against parasites may contribute to its
competence as a host, and therefore impact metapopulation-level dynamics.

ABSTRACT
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Plasmodium parasitism is reflected in songbird preen oil odor
KM Talbott, BJ Higgins, DJ Becker, HO Soini, MV Novotny, ED Ketterson
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Host odor is thought to be key to the transmission ecology of parasites that rely on arthropod
vectors. Some volatile compounds produced by hosts may be attractive to vectors, while
others may repel them. It is hypothesized that haemosporidian parasites may manipulate host
odor in birds to increase their own transmission by attracting mosquito vectors. While there is
strong evidence that avian odors can influence behavior of arthropod vectors, the identity
and source of vector-relevant avian volatiles remain unclear.
Preen oil is a lipid-rich secretion of the avian uropygial gland known to be a major source of
volatile compounds in songbirds. This project asks whether <I>Plasmodium</I> parasite load is
reflected in patterns of variation in songbird odor derived from preen oil. If Plasmodium
parasitism influences host odor, then we predicted that individuals with higher parasite loads
would differ in odor from those that are not infected or infected with low loads. Therefore, we
asked whether preen oil odor composition varies with parasite load in <I>Plasmodium</I>infected birds.
We used qPCR to assess <I>Plasmodium</I> parasite loads of wild female Dark-eyed juncos
(<I>Junco hyemalis hyemalis</I>) and gas chromatography-mass spectrometry to identify
and quantify volatile compounds in their preen oil. We used PCA to explore variation in the
relative proportions of the 26 volatile compounds detected by GC-MS and by beta
regressions to identify principal components associated with variation in parasite load,
followed by additional analyses to identify specific compounds driving the observed trends.
We found co-variation between odor and parasite load, as well as sampling date, and
conclude that information regarding <I>Plasmodium</I> parasite load may be available in
preen oil odor.
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Evidence of new recombinations among equid herpesvirus
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Equid herpesviruses (EHV) belong to the Herpesviridae family and are divided into three
subfamilies known as Alpha, Beta and gammaherpesviruses. Within alphaherpesvirus, there
are 6 viruses with different hosts such as Horses, donkeys, zebras known.
Previous studies have reported interspecific recombinations between EHV1 and 4. Others
have suggested recombinations between EHV1 and 8.
Here, we realized a bioinformatic study from EHV1, 4, 8, and 9 genomes present in GenBank.
All these sequences were analyzed with RDP4, SplitsTree and Simplot for recombination
evidence. In total, 13 events were found, some of them present in more than a genome.
These recombinations are present in EHV1 being the minors parents EHV4 and EHV9. Two
events are in EHV8 being EHV1 and 4, the minor and major parents respectively.
Most episodes are targeting the same gene previously described: ICP4.
ICP4 is a gene with two copies located in the repetitive regions. It´s associated with
transcriptional regulations. The presence of recombination events with different breakpoints
makes us believe ICP4 is a hot spot. ICP4 events were evidenced in EHV1 with both EHV4 and
EHV9 as minor parents. Future studies of in vitro replication should be displayed to prove the
importance of ICP4 as a facilitator of interspecific recombination.
Episodes of recombinations between EHV1 and EHV9 are also associated with another
repetitive gene, ICP22, which gives us the idea that repetitive regions tend or allow
recombination. Another EHV1 with EHV9 recombination event involved genes from the
unique long zone (UL). EHV8 recombinations also entailed UL genes.
Emerging interspecific recombinant viruses could generate unknown pathogenesis and be
able to infect new hosts. We report previously not described recombinations, some involving
EHV9 as the minor parent and affecting EHV1 zebra borne type strains. These recombinations
might be conferring EHV1 the capacity to infect hosts others than horses.
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Genetic variation for plant immunosuppression by herbivorous spider-mites
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Host immunosuppression is a strategy used by many parasites, parasitoids and herbivores to
overcome host defences and increase their performance. This trait may be associated with
underlying metabolic and ecological (e.g., increased competition) costs, which may
contribute to its plasticity and/or the maintenance of its genetic variation. Immune
suppression in herbivore-plant systems is well studied due to their environmental and
economic importance but genetic variation studies are still scarce. Here we address this issue
using 59 inbred lines of T. evansi with a shared common evolutionary and environmental
history. We assessed genetic variation for (i) oviposition in two different host environments:
wild-type and immunosuppressed tomato plants and (ii) induction of plant defences by
herbivory, through plant expression of marker genes involved in the jasmonic acid defensive
pathway. We found genetic variation for oviposition on both host plants and for the
expression of one of the genes tested. Oviposition on both hosts was positively correlated
meaning no direct costs of being a suppressor were found when feeding on
immunosuppressed plants. There was no genetic correlation between oviposition and gene
expression, indicating that higher oviposition among these lines was not related to immune
suppression in the genes tested. Our results suggest that despite polymorphism for defence
suppression within inbred lines, this is not necessarily directly linked to levels of oviposition.
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Immune response of non-persistent HPV infections
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Scientific background
Human papillomaviruses (HPV) are considered the most common sexually transmitted viral
infection. It is estimated that 80% of adults have been infected with HPV at least once before
the age of 45. Some "high-risk" HPVs are responsible for more than 70% of cervical cancers in
women. However, the majority of HPV infections are non-persistent, and do not progress to
carcinogenic lesions. A major gap in our knowledge of the biology of HPV infections
concerns the factors that determine the clearance of transient infections, or their progression
toward chronic infections and potentially to carcinogenic lesions. In particular, very little is
known about the immunology of non-persistent HPV infections clearance. In this project, we
perform a detailed analysis of the anti-HPV immune response in non-persistent infections.
**Methods**
This project is based on the PAPCLEAR clinical study, which includes a cohort of 150 young
women (18-25 years) followed longitudinally for an average of 290 days. 49% of these
participants are vaccinated and the majority had genital (asymptomatic) HPV infection at
inclusion. We analysed immune cell activation by flow cytometry, as well as locally secreted
cytokines and chemokines. We also performed 16S RNA sequencing of vaginal bacterial
communities.
Results
Our results indicate a perturbation of T lymphocytes populations, including a more frequent
activation of CD4+ and CD8+ T cells in HPV infected patients. We also identify certain
cytokines, such as IL-1α and IL-12/IL-23p40 as particularly associated with HPV infection and
describe the changes in the vaginal microbiota induced by asymptomatic HPV infection.
Conclusions
This work could pave the way for new treatment strategies for HPV infections, such as
immunotherapies, which remain an important public health issue. Indiaed, despite
vaccination and screening programs, HPV will continue to be responsible for thousands of
cancers worldwide in the coming years.
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Infectious diseases in marine fishery systems can cause mass mortality events in fished species
that threaten the livelihoods of coastal communities. Because both marine hosts and
parasites are sensitive to temperature, ocean warming could exacerbate this problem. One
demonstrative system is the ciliate Hyalophysa lynni that infects the gills of commercial shrimp
in the southeastern United States. Infection with the ciliate impairs respiration and possibly
reduces harvest. Prevalence of the parasite reaches up to 95% in the warmest water months
and declines in cooler months. We experimentally measured parasite transmission and shrimp
recovery between June 2020 and February 2021. We first harvested wild caught shrimp to
detect baseline infection prevalence and then treated the remaining shrimp with antiparasitic medications to remove H. lynni infections. We placed individually caged medicated
shrimp into the Skidaway River, Georgia for 10 days. As a control, we held medicated shrimp
in artificial seawater for the same length of time. Seasonal changes were detected in both
the transmission of and recovery from H. lynni. Baseline prevalence of H. lynni was positively
correlated with water temperatures: winter yielded the lowest prevalence (25%) while the
summer yielded the highest prevalence (80% and 83%). We measured significant recovery
from H. lynni after the medication procedure in all seasons except for winter, where
prevalence remained at 25%. H. lynni was transmitted to 83% and 100% of deployed shrimp
during the two summer deployments compared to the 7% and 18% prevalence in unexposed
control shrimp. During fall and winter, only 27% and 20% of shrimp deployed in the estuary
were infected with H. lynni, while control shrimp had 6% and 33% prevalence, respectively.
Together, these experiments demonstrate that season strongly affects the ability of H. lynni to
transmit and for white shrimp to recover.
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Bats harbour an enormous number of pathogens with zoonotic potential and there is an
urgent need to discover novel viruses and collect further information about already known
pathogens. Bats provide important ecosystem services, and many species are in an
unfavourable conservation status. All bat species in Europe are protected under the Habitat
Directive and hence studying their viruses needs methods which cause the less harm to these
flying mammals. We developed a sampling methodology which is minimally invasive, can be
used even in case of smaller bat species (bodyweight: 5-15 g) and is suitable for multipurpose research. We tested and used this method in the frame of the ongoing Lloviu
cuevavirus (LLOV) surveillance program in Hungary. LLOV is the only filovirus endemic in
Europe and the only known host for this virus is the Miniopterus schreibersii bat which is
distributed throughout the southern part of the European continent. There is a huge lack of
understanding in the circulation of this virus and the potential of zoonotic transmission, hence
there is an urgent need to develop standardised protocols for the sampling and detection of
LLOV to deepen our knowledge about the spatio-temporal distribution and biology of this
virus. In the act of the surveillance, we collected 376 blood samples with our method mainly
from Miniopterus schreibersii. No negative effects (e.g. shock, vascular or tissue damage)
were observed in any of the animals during sampling. Moreover, individuals recaptured after
a short (a few hours) or a bit longer periods (one day) of time also did not show any negative
symptoms (bleeding, abnormal behavior, etc.). Our protocol allowed to detect active LLOV
infection on the spot, prove seroconversion and maintain sequencing and isolation efforts.
Our novel surveillance protocol highly emphasizes conservational aspects and permit viral
discovery and monitoring with minimal effect and disturbance.

ABSTRACT
Kevin Tracy - University of Michigan - US
Rapid reversion of high level daptomycin resistance slows the spread of
antibiotic resistance in a non-selective environment
Kevin Tracy, Jordan McKaig, Clare Kinnear, Jess Millar, Aaron King, Andrew Read and Robert
Woods

1 Department of Computational Medicine and Bioinformatics, University of Michigan, Ann
Arbor, MI, USA 2 Division of Infectious Diseases, Department of Internal Medicine, University of
Michigan, Ann Arbor, MI, USA, 3 Department of Ecology and Evolutionary Biology, University of
Michigan, Ann Arbor, MI, USA, 4 Huck Institutes for the Life Sciences, The Pennsylvania State
University, University Park, PA, USA

The spread of antibiotic resistance in clinical settings is difficult to study because it includes
both transmission and selection in fluctuating environments. Here we investigate the
interaction of these processes, with an emphasis on the loss of resistance, in a hospital with
increasing cases of daptomycin resistant Enterococcus faecium. We identify a genetically
and phenotypically diverse set of patient-derived daptomycin resistant isolates that fall into
two groups; one group in which resistance emerged during the course of treatment (de
novo), and a second group in which resistance was present on their initial culture and thus
more likely to reflect cases of resistance due to hospital transmission. These strains were
experimentally evolved for 32 days in antibiotic free conditions in the laboratory. We find
isolates with high level resistance had a lower starting fitness, larger decline in resistance
levels, and sharper gain in fitness, regardless of whether they were from the transmitted or de
novo group. In contrast, isolates with low level resistance adapted to antibiotic-free
conditions often maintained resistance with minimal changes in resistance levels. Among
isolates with decreases in resistance, parallel mutations occurring in all Indiapendently
evolved populations were common. These genetic pathways were frequently associated
with the initial resistance mutations themselves and often disrupted key pathways. In contrast,
stably resistant isolates showed divergent mutational pathways, with no shared mutations
occurring across replicate populations. Altogether, these data reveal that isolates with highlevel resistance have accessible mutational pathways that increase fitness while decreasing
resistance, which may act to slow the spread of resistance in the hospital.
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Background: West Nile Virus (WNV) has been in the United States (U.S.) for over two decades,
resulting in more than 50,000 human illness cases and 2,330 deaths. Now the cause for the
most widespread mosquito-borne illness in humans, numerous efforts to model WNV
transmission have been attempted, with widespread and sometimes conflicting,
interpretation of results. With increases in accessibility of detailed, historical data, information
sharing, and collaboration across multiple partners and states, this study collated and
analyzed several large mosquito abundance and infection datasets from 16 partners in the
Midwestern U.S. The main goal is to create a single standardized record of mosquito infection
and abundance across time and space in a large region of the U.S. to effectively compare
and contrast key model parameters and to generate robust forecasts under anticipated
future shifts in climate.
Methods: All available records of female Culex spp. abundance and infection records, from
2000 to 2018, were provided by 118 counties, representing 8 states in the Midwest U.S. All
datasets were organized, screened for redundancies and erroneous entries, and collated. In
total, over 6.6 million mosquitoes were collected, and over 4.7 million were tested for WNV.
These data were compiled to create standardized minimum infection rate (MIR) and vector
Indiax (VI) by county by month for each year. Serving as the dependent variables, MIR and VI
were assessed in one of four model scenarios, with 60 explanatory variables consisting of
climatic, socio-economic and demographic, and land-use/land-cover available.
Results: The vast majority of models (under any scenario) for most counties performed well (R2
> 0.85 and RMSE < 1.5). The strongest models for each county generally correlated strongly
with human neuroinvasive cases. Counties with the highest resources did not generally result
in higher overall mosquito infection.
Conclusions: Although most locations were predicted well, nearly all of Iowa and Southern
Wisconsin did not have models that correlated well with human neuroinvasive cases,
suggesting knowledge gaps in environmental viral presence, particularly among rural
counties. This 18-year assessment showed an annual increase in MIR by 16.4% and estimates
the next outbreak year for human cases to be in 2022-2023.
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Background
Plasmids are linear or circular DNA fragments that are classified as mobile genetic elements.
They usually carry genes that play a role in resistance to environmental factors, such as
antibiotics, detoxification, and heavy metal pumps.
The vaginal microbiome in women of reproductive age is dominated by Lactobacilli species.
There are over 2000 annotated bacterial plasmids of the human gut whereas only 36 from the
vagina. Despite the vaginal microbiome being less diverse compared to the gut, the
difference is intriguing. We suspect that this could be caused by either the limited Lactobacilli
plasmids in the vagina or limitations of the detection software.
There exist multiple software to identify plasmids from whole-genome sequencing data.
However, the differential prediction power of these methods varies. Many suffer from poor
assembly resulting in the misclassification of plasmids as chromosomes because plasmids
carry many common genes with chromosomes. Furthermore, there is a limited number of
well-annotated bacterial plasmids in the vagina to compare with, making novel plasmid
discovery even more challenging.
Methods
We compare the prediction power of different plasmid detection software and evaluate
their limitations with vaginal metagenome datasets. We ran simulated datasets of known
bacterial plasmids found in the human vagina and Lactobacilli genomes with different
plasmid detection software (PLSDB, mlPlasmids, Metaplasmidspades, Plasflow, Plassclass,
SCAPP, Plasmidseeker) at different coverage depths.
Results
By using datasets at different depths, we evaluate the prediction power of different plasmid
detection software and identify their limitations. By counting the number of plasmids and also
contigs they predict, we calculate accuracy, precision, recall, and F-1 scores of the methods.
Perspective
Characterizing the bacterial plasmids present in the human vagina can improve our
knowledge of women’s sexual and reproductive health by identifying how plasmids shape
the Lactobacilli’s and human’s responses against antibiotic resistance, sexually transmitted
infections, and other perturbations.
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Host movement plays an integral role in determining human exposure to zoonotic hazards by
shaping contact rates between hosts, vectors, and pathogens and facilitating vector and
pathogen dispersal. In an urban landscape, increasing fragmentation alters the configuration
of habitat patches, preventing host species from moving freely across the landscape as
patches become increasingly isolated. When natural land is converted to impervious surface,
wildlife hosts can become aggregated and clustered resources can influence host
movement behavior leading to spatial hotspots of increased zoonotic hazard. Here, we
examine how the movement and resource utilization of 61 white-tailed deer (Odocoileus
virginianus) determine the distribution of blacklegged ticks (Ixodes scapularis) which depend
on this host for dispersal in the highly fragmented urban forests and residential areas in the
New York City borough of Staten Island. Employing a multi-scale hierarchical resource
selection framework, we examine landscape factors that influence home-range
establishment (2nd order selection) and within-home range resource selection (3rd order
selection). We use fine-scale GPS data and integrated step selection analysis to determine
whether deer engage in high-risk movements to acquire limited resources and whether these
strategies leave signatures on the landscape through distributing ticks. Our results show that
white-tailed deer display aversion to medium-high intensity anthropogenic development at
fine spatial scales of 100-200m. Further, there is individual variation in whether deer strongly
select habitat relative to the proportion of habitat available within their home range,
indicating specialization to fragmented urban forests. Importantly, we show deer
preferentially select neighborhoods nested in highly connected areas which offer
supplemental resources and suitable habitat for blacklegged tick survival. Our results
emphasize that habitat connectivity and host movement are neglected factors that are
critical to consider in urban tick-borne disease systems. Together, these factors can drive the
spillover of infected ticks from urban forests to residential areas.
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Hosts have developed complex immune pathways to confront infections with parasitic
helminths. Many parasite-immune interactions are well known for single infections, however,
how the immune processes change in concomitant infections and impact the dynamics of
each helminth species, has not been adequately investigated. Here, we developed a withinhost dynamic model of infection to examine the immune response of rabbits challenged with
one or two gastrointestinal helminth species (Trichostrongylus retortaeformis and Graphidium
strigosum), using data from laboratory experiments. Our model explicitly linked parasite
intensities to two immune components relevant to the system, cytokine IL4 and speciesspecific antibody IgA. We tested alternative mechanisms of parasite regulation and
interaction between these two immune components, such as autocatalytic immune
production, IgA activation by IL4 and, for dual infection, cross-immunity and cross-immune
activation.
Model selection suggested that the immunological pathways activated against the two
helminth species in single infections are similar: IgA production is stimulated by both parasite
intensity and IL4. However, differences in the strength of these immune signals lead to
contrasting dynamics of infections, such that T. retortaeformis is rapidly cleared while G.
strigosum persists with high intensities. For dual infection, in addition to the reactions identified
in single infections, rabbits with both helminths activate new pathways that asymmetrically
affect the dynamics of the two species. Specifically, we found evidence of cross-immune
activation where IL4 produced against one helminth stimulates IgA specific to the other
helminth. These new signals alter the intensities but not the overall trends of the two helminth
infections, which are similar to the single infections.
The type of interactions described in our rabbit system can be expected in many other hosthelminth systems. Our immune framework provides important insights for the understanding of
multi-helminth infections and is flexible enough to capture a variety of immunological
variables and their complex interactions.
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Protozoan zoonoses such Chagas disease and leishmaniasis remain endemic in large parts of
the world, exacerbating social inequity and contributing heavily to the global burden of
infectious disease. Novel protozoa species which have emerged from wildlife to humans in
the recent decades (e.g., Plasmodium knowlesi, a causal agent of malaria) have proven
difficult to control. Our ability to anticipate and prevent future emerging disease threats relies
on identifying the characteristics of zoonotic pathogens and targeting surveillance efforts
accordingly. While several studies have profiled the traits of zoonotic viruses, protozoa have
received limited attention. We compiled a dataset of protozoa species which incorporates
both parasite and host traits, including information on community structure and importance
within a host-parasite bipartite network. Using a machine learning algorithm, extreme
gradient boosting, we distinguished zoonotic from non-zoonotic protozoa with 85% accuracy.
Our model found that traits of generalist protozoa (e.g., broad tissue tropism, high network
centrality, multiple transmission modes) were most useful for predicting zoonotic status,
compared to intrinsic biological traits (e.g., morphology), environmental traits (e.g.,
temperature), or host-related traits (e.g., life history). We ranked the zoonotic potential of
protozoa species currently not known to be zoonotic based on their trait similarity to known
zoonotic protozoa. Here we report parasitic protozoa species of wild mammals which are
most likely to be undiscovered sources of current or future zoonoses, identifying them as
priority targets for surveillance.
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Background: Immune responses to vaccination are notoriously variable. Many studies have
suggested host-intrinsic factors associated with responses to influenza vaccination. These
factors include host age, birth cohort, and pre-vaccination titers of antigen-specific
antibodies, all of which correlate with individuals’ history of exposures to influenza virus.
Objective: We aim to identify and quantify host-specific correlates of the antibody response
after prime and boost with a chimeric influenza virus vaccine during a phase I clinical trial
involving adults ages 18-37 y. We evaluated associations between host sex, age, and subtype
imprinting on pre-vaccination antibody titers and on the rise of titers post-prime and postboost. We focus our study on antibodies targeting the hemagglutinin stalk domain, a highly
conserved region and the desired target for the vaccine. In this vaccine, an H1 stalk is linked
to head domains of avian H8 and H5 subtypes.
Results: Pre-vaccination antibody titers towards the stalk did not correlate with sex, age, or H1
imprinting probability. The fold change in anti-stalk antibody titers 29 days post-vaccination
negatively correlated with pre-vaccination titers, reproducing a previously described ceiling
effect. The magnitude of the ceiling corresponded to an approximate 0.64 (CI: 0.46, 0.82)
fold reduction in post-vaccination titer for each two-fold increase in initial titers. Prevaccination titers were associated with 47 to 59% of the variance in fold-change postvaccination titers. Host sex, age, and H1 imprinting probability did not significantly affect the
fold change in stalk antibody titers.
Conclusions: Our analysis suggests a strong impact of prior immunity on the antibody
response to vaccination. An antibody ceiling effect, in which the antibody boost falls as prevaccination titers rise, was consistently observed and represented about half of the variance
in the response. This antibody response appears unrelated to subtype imprinting, age, and
sex.
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Caves are high-quality roosts that subsidize bat diversity in forest fragments that otherwise
may decline over time. However, habitat degradation may reduce individual health by
forcing bats to forage in poor-quality habitats or by increasing commuting costs to reach
suitable foraging areas. Thus, apparently healthy cave-roosting bat populations in modified
landscapes may suffer from chronic stress with consequences in downstream effects on
health, making them more susceptible to pathogens, thereby enhancing the spread of
diseases. While some bat species may acclimatize to repeated stressors and even thrive in
human-modified habitats, other species may experience higher stress levels that
subsequently impair immune response. Due to their high species richness, bats display wide
variation in morphology, foraging behavior, and habitat use, making them a good model to
assess the physiological effects of human disturbance on wildlife. We conducted our study in
16 caves in Costa Rica along a gradient of human disturbance ranging from undisturbed
caves in protected areas, to caves subject to high levels of disturbance surrounded mostly by
agriculture, livestock, and other human-dominated landscape. Surveys were repeated in the
dry and wet seasons. We collected samples from 1230 adult individuals, representing 12
species from four families with diverse ecological niches. We evaluated markers of
physiological stress (neutrophil-to-lymphocyte ratio), downstream health measures (body
condition and white blood cell counts), and innate (lysozyme) and adaptive (IgG) immune
markers. We will contrast these results with infection prevalence of four common and
divergent pathogens: Bartonella (242/1230), Leptospira (61/192), Trypanosoma (393/1230),
and microfilaria (82/1230). Preliminary data shows divergent patterns among species to
pathogen prevalence and immune markers. Factors that may explain this variation, such as
species identity, ecological traits, season, sex, and human perturbation, will be examined. This
work provides insight into the complex patterns of the immune function of wild bats in
changing environments.
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The duration of antibiotic treatment is a frequently considered means to limit the emergence
of antibiotic resistance, but little is known about how treatment duration impacts the
evolutionary dynamics of antibiotic resistance in off-target bacterial populations.
Vancomycin-resistant Enterococcus faecium (VRE) cause severe hospital acquired infections,
but more frequently asymptomatically colonize the gastrointestinal tract. Due to limited
antibiotic susceptibility, VRE infections are commonly treated with intravenous daptomycin.
However, systemic daptomycin therapy can select for daptomycin resistance in transmissible
populations in the gastrointestinal tract. To test the hypothesis that daptomycin treatment
duration influences off-target resistance evolution, a murine model of intestinal VRE
colonization was used in which mice were inoculated at a 1:20 ratio of daptomycin-resistant
and -susceptible VRE. Following inoculation, mice were treated daily via subcutaneous
injection with 100mg/kg of daptomycin for 0, 1, 3, 5, 7, or 9 days post inoculation and fecal
pellets were collected at regular intervals for the quantification and characterization of shed
VRE populations. Relative to saline-inoculated control mice, daptomycin treatment for 3 or
more days resulted in a significant reduction in daptomycin susceptibility while the proportion
of VRE clones resistant to daptomycin increased. Total shedding and median time to
clearance of daptomycin-resistant VRE were also greater. Treatment with daptomycin for a
duration of 1 day had little impact on any measure of daptomycin resistance, while no
significant between group differences were observed in mice treated for 3, 5, 7 or 9 days.
These data suggest that antimicrobial treatment duration can influence the evolution of
resistance in off-target populations and these effects should be considered when modifying
treatment duration for the management of antimicrobial resistance.
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Few studies have examined the effects of inbound overseas travelers and meteorological
conditions on the shift in human respiratory syncytial virus (HRSV) season in Japan. This study
aims to test whether the number of inbound overseas travelers and meteorological
conditions are associated with the onset week of HRSV epidemic season. The estimation of
onset week for 46 prefectures (except for Okinawa prefecture) in Japan for 4-year period
(2014–2017) was obtained from previous papers based on the national surveillance data. We
obtained data on the yearly number of inbound overseas travelers and meteorological
(yearly mean temperature and relative humidity) conditions from Japan National Tourism
Organization (JNTO) and Japan Meteorological Agency (JMA), respectively. Multi-level
mixed-effects linear regression analysis showed that every 1 person (per 100,000 population)
increase in number of overall inbound overseas travelers led to an earlier onset week of HRSV
epidemic season in the year by 0.02 week (coefficient –0.02; P<0.01). Higher mean
temperature and higher relative humidity were also found to contribute to an earlier onset
week by 0.30 week (coefficient –0.30; P<0.05) and 0.18 week (coefficient –0.18; P<0.01),
respectively. Additionally, models that included the number of travelers from individual
countries (Taiwan, South Korea, and China) except Australia showed that both the number of
travelers from each country and meteorological conditions contributed to an earlier onset
week. Our analysis showed the earlier onset week of HRSV epidemic season in Japan is
associated with increased number of inbound overseas travelers, higher mean temperature,
and relative humidity. The impact of international travelers on seasonality of HRSV can be
further extended to investigations on the changes of various respiratory infectious diseases
especially after the coronavirus disease 2019 (COVID-19) pandemic.
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The fruit fly Drosophila melanogaster remains a key model system for the study of insect-virus
interactions. Its tractable life history and associated genetic toolkit have aided in the
discovery of many of the key invertebrate immune defences against viruses. Recent
metagenomic sequencing studies have identified over 130 naturally-occurring viruses of the
Drosophilidae. This could enable the study of insect-virus ecological and evolutionary
dynamics in this native multi-host, multi-virus community. In particular, the use of naturallyoccurring host-virus combinations allows the study of ‘typical’ wild co-evolutionary dynamics
between insects and their viruses, which might help us to understand the evolution of insectvectored viruses with economic and public health impacts. However, proper
parameterisation of these models of insect-virus co-evolution requires data from long-term
studies of wild host-virus communities, which are currently rare.
In this study, we make the first attempt to quantify the dynamics of wild drosophilid virus
communities. We begin by using metagenomic sequencing to describe the viruses present in
populations of Drosophila in South-east Scotland, identifying 17 new RNA viruses. We then
characterise the host range of 41 new and previously described Drosophila viruses in this
system, finding that over 90% of these viruses infect multiple host species. We also examined
how ten of these viruses vary in prevalence in the wild using repeated, spatially and
temporally structured sampling of a total of 2227 flies of 15 species, over three years. We find
that prevalence varies between viruses, and within viruses, can vary across host species, and
collecting season. Co-infection is not a rarity in this system, as over 30% of flies are infected
with multiple viruses. Together, these data increase and demonstrate the utility of the
Drosophila model for community-level studies of host-virus interactions.
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Social hosts have deadlier parasites: parasite virulence among wild guppy
populations is predicted by predation-driven host social behaviour
Jason Cosens Walsman

University of Pittsburgh

Social contact between hosts provides opportunities for their parasites to transmit.
While some theoretical research predicts that increasing the rate at which such
contacts occur selects for more virulent parasites (which kill infected hosts at higher
rates), there is no consensus. Model predictions can qualitatively change depending
on the treatment of two key processes: how host social behaviour impacts multiple
infections and how it impacts host mortality, e.g., from predation. Here we use an ecocoevolutionary model, parameterized by pre-existing data for the Trinidadian guppyGyrodactylus spp. system, to show that predation selects for higher host social
contact, which reduces death from predation. This increased host social contact
makes multiple infections more common, selecting for more virulent parasites, and
therefore increasing death from parasitism. We tested these model predictions with
virulence data from 18 parasite lines established from four wild populations. As
predicted, parasites collected from high predation populations caused more host
death under common garden conditions. Further, the model quantitatively predicted
the virulence evolved across predation regimes with reasonable accuracy. These
results suggest that across systems, predation may drive hosts into the arms of parasites,
selecting for higher virulence: many predator-social host-parasite systems meet the
basic assumptions of our model. More broadly, our findings suggest that strategies that
reduce host contact, such as quarantining or social distancing, should select for less
virulent parasites.
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College of Life and Environmental Science, University of Exeter

Host shifts, where a pathogen jumps to and establishes onward transmission in a new host
species, are a major source of emerging infectious diseases. However, little is known about
what determines the ability of viruses to infect some hosts but not others. We have established
a bacteria-phage system, using a diverse panel of Staphylococcus aureus isolates and a
broad host range bacteriophage (ISP), to investigate the evolutionary factors that influence
virus host shifts. Our initial work aimed to characterise the most appropriate method for
assessing phage host range. The methods tested were: spot tests, where the presence of
plaques indicates susceptibility; liquid media assays, where bacterial growth (optical density)
is measured over time and compared between infected and uninfected samples; and qPCR,
where susceptibility is measured as the increase in viral load over time. Comparison of these
methods has shown that the reported host range of a bacteriophage is likely to be biased by
the method used to determine it, with different methods either over- or under-estimating host
range. We found weak positive correlations between some of these methods, although these
relationships deteriorate below certain thresholds. Accurate assessments of phage host
ranges are especially important in the context of phage therapy, where treatment regimens
can be designed to target specific pathogenic bacteria. Our results therefore have
important implications for the future study and application of these treatments.

ABSTRACT
Alicia Walter - CNRS - France
Epidemiological and evolutionary consequences of periodicity in treatment
coverage
A. Walter & S. Lion

CEFE, CNRS, Univ Montpellier, EPHE, IRD, Univ Paul Valéry Montpellier 3. 1919, route de Mende,
Montpellier, France

Host heterogeneity is a key driver of host–pathogen dynamics. In particular, the use of
treatments against infectious diseases creates variation in quality among hosts, which can
have both epidemiological and evolutionary consequences. We present a general
theoretical model to highlight the consequences of different imperfect treatments on
pathogen prevalence and evolution. These treatments differ in their action on host and
pathogen traits. In contrast with previous studies, we assume that treatment coverage can
vary in time, as in seasonal or pulsed treatment strategies. We show that periodic treatment
strategies can limit both disease spread and virulence evolution, depending on the type of
treatment. We also introduce a new method to analytically calculate the selection gradient
in periodic environments, which allows our predictions to be interpreted using the concept of
reproductive value, and can be applied more generally to analyse eco-evolutionary
dynamics in class-structured populations and fluctuating environments.

ABSTRACT
Katharine Walter - Stanford University - US
Within-host SARS-CoV-2 diversity in longitudinally sampled patients
Katharine S. Walter, Renu Verma, Eugene Kim, Prasanna Jagannathan, UpIndiar Singh,
Yvonne Maldonado, and Jason R. Andrews

Stanford School of Medicine

1Recently emergent SARS-CoV-2 lineages show evidence of increased transmissibility, higher
mortality rates, and the ability to escape antibody neutralization. In a directly-transmitted
pathogen like SARS-CoV-2, the ultimate source of variation is the mutational diversity arising
within individuals. Although a tremendous collection of SARS-CoV-2 genomes has been
sequenced, less is known about the contribution of within-host processes in global SARS-CoV2 evolution. To investigate the early evolutionary dynamics of SARS-CoV-2 following infection,
we leveraged longitudinal samples collected from patients from three clinical trials for
improving outcomes in patients with mild COVID-19. We deep sequenced SARS-COV-2 from
longitudinally sampled nasal swabs and combined genomic data with detailed clinical and
epidemiological information to quantify the emergence and persistence of SARS-CoV-2
diversity within individuals. In a pilot including 58 samples, we found that participant
consensus SARS-CoV-2 sequences are largely conserved over five to ten days. We identified
low, but measurable levels of within-host diversity and found that while the majority of withinhost variants appear only in a single sample, four iSNVs were shared by more than 8% of
samples (5/58 samples). While some within-host mutations are transient, many mutations
persist and potentially could be transmitted onwards. Finally, in a multiple variable model,
sample iSNV richness, the number of within-host variants, was not associated with days since
symptom onset. Characterizing the processes shaping SARS-CoV-2 heterogeneity within
individuals is critical if we are to anticipate the virus' future evolutionary trajectory and if we
are to leverage within-host diversity for epidemiological inferences.
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Lin Wang - University of Cambridge - UK
The role of antigenic and genetic diversity in driving the transmission and
disease risk of dengue virus (DENV)
Lin Wang (1), Angkana Huang (2,3), Rachel Sippy (1), Richard Jarman (4), Stefan Fernandez
(5), Simon Cauchemez (6), Derek Cummings (2,3), Henrik Salje (1,7)
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Despite the substantial global burden, DENV’s community transmission and disease risk are still
not well understood. Co-circulation of four serotypes and human multiple infections increase
the complexity. DENV’s infection and disease processes are driven by multiple competing
factors such as the immune response caused by the interactions among pre-existing
antibodies, immune memory recall, and new infecting virus. It remains unclear how to
transform the DENV cases observed in hospitals and virology surveillance into the assessment
of underlying infection and disease risks in the community. Bayesian models applied to longterm surveillance data can help fill this knowledge gap.
We analyzed 18,236 laboratory-confirmed secondary DENV cases collected by a Bangkok
children hospital from 1990 to 2014. Infecting year, age, and severity were known for each
case. Infecting serotype was available for 51.7% of cases. More than 350 different DENV
strains isolated in Thailand from 1990 to 2014 were titrated using neutralization assay, which
help to build a high-resolution 3D antigenic map. With these data, we developed a set of
probabilistic Bayesian models to progressively incorporate the year, age, serotype, and
antigenic information. We jointly inferred the yearly serotype-specific force of infection, crossprotection, temporal improvement in hospital admissions, and the disease risk given a
secondary infection. Our model enables the reconstruction of the age- and serotype-specific
distribution of incident cases per year. Model selection and posterior predictive check
suggest that the full model incorporating all available information has the highest predictive
power. Our findings have important implications for synthesizing the data from case-based
and virology surveillance to assess DENV’s infection and disease risks in the community.

ABSTRACT
Christine Wang - North Carolina State University - US
Applying Chain Graph Models for Identifying Risk Factors for Antimicrobial
Resistance among Campylobacter coli from Swine Populations
Christine A. Wang, William J. Love, Siddhartha Thakur, Cristina Lanzas
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Antimicrobial resistance (AMR) is a major threat to human and animal health today,
rendering once treatable infections untreatable. Although antimicrobial use is known to
directly select bacterial populations that are resistant to those drugs, other important risk
factors influencing the epidemiology of AMR are incompletely understood. Several complex
mechanisms enable the exchange of genetic material among populations of unrelated
bacteria (e.g. mobile genetic elements), thereby influencing the rise of multidrug resistant
bacterial populations. Thus, resistance to an antibiotic may still arise even without using that
specific antibiotic. Traditional analytical methods used in epidemiological research rely solely
on generalized linear models to identify risk factors for health outcomes; however, these
methods are less suitable for evaluating AMR risk factors while simultaneously accounting for
the complex, non-linear dynamics of AMR selection and persistence. In this study, we utilize a
multi-layered chain graph model to identify risk factors for phenotypic resistance while also
accounting for potential complex genetic mechanisms underlying AMR selection and
persistence. We applied this model to populations of Campylobacter coli isolated from
agricultural swine herds experiencing varying degrees of antimicrobial exposure and other
management practices. In addition to antimicrobial usage, we found that risk for
fluoroquinolone- and macrolide-resistance differed based on biosecurity practices employed
at each farm and whether animals were reared entirely indoors or outdoors. Results and
computational methods from this study are applicable to human public health surveillance
data and ecological datasets.

ABSTRACT
Tyler Washburn - University of Georgia - US
Are common misperceptions of EEID based on biases of where EEID studies
are published?
Tyler J. Washburn, Lewis J. Bartlett

Center for the Ecology of Infectious Disease, University of Georgia

SARS-COV-2 framed the biology of infectious diseases in the centre of public and professional
attention. Numerous ecologists, both with backgrounds in EEID and those far from EEID,
considered how their work may help the pandemic response efforts. In places, a pattern
emerged of ecologists calling for more involvement of their field in understanding infectious
disease. For example, an opinion piece penned by Martin A. Nuñez, one of the Senior Editors
for Journal of Applied Ecology, noted an ‘absence’ of disease ecology in modern ecological
published and stated “Ecology is a science ready to help contribute to the solution.” in
reference to pandemic spillover (British Ecological Society, The Niche, June 2020). As EEID
researchers we are fully aware of where and how ecology is already thriving in this
endeavour; however, certain ecologists seem unaware of our field and work, where there is a
perceived absence of infectious disease ecology published in ecology journals. We
investigated this phenomenon by examining sessions from 2016 / 2017 Ecological Society of
America conferences and where corresponding manuscripts were published. We randomly
selected abstracts from both EEID and non-EEID sessions from both conferences, attempted
to locate if/where corresponding manuscripts were published, and then compared journaltype destinations. We found a lower likelihood of EEID-session papers being published in
ecology-specific journals compared to a random subsample of papers located from sessions
in the rest of the conferences. However, the opposite was true for EEID-session papers and
broader ‘general biology’ journals, where they were overrepresented compared to other
papers traced from those conferences. It is clear there may be a bias against published EEID
work in ecology journals, possibly explaining perceptions of an absence of ecology in
infectious disease research, although the drivers of that bias remain unclear.
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Parasites of the past: Ninety years of change in the abundance of parasites
infecting English sole (Parophrys vetulus) of Puget Sound, USA
Rachel L. Welicky 1,2, ;Whitney C. Preisser 1; Katie L. Leslie 1; Natalie Mastick 1; Evan Fiorenza
1,3; Katherine Maslenikov 1; Luke Tornabene 1; John M. Kinsella 4; Chelsea L. Wood 1
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Are the oceans facing a “rising tide” of marine parasitism? The historical data needed to test
this hypothesis are vanishingly rare, but natural history collections might allow us to
reconstruct long timelines of parasite change. Using fluid-preserved fishes in the University of
Washington Fish Collection, we assessed change in the abundance of parasites infecting
English Sole (Parophrys vetulus; n = 109) from Puget Sound, Washington, USA over the past
nine decades (1930–2019). We used generalized linear mixed models to assess how the
abundance of each parasite species has changed over time. With these model results, we
conducted a meta-analysis to determine whether species-level changes were consistent
within broad taxonomic groupings and transmission strategies (i.e., directly transmitted versus
complex life cycle). We counted more than 2500 individual parasites representing 23 distinct
species/morphotypes. Twelve taxa had greater than 5% prevalence and were further
examined for changes in abundance over time. Of these, nine taxa did not change in
abundance over time, one taxon (a trematode metacercariae) increased, and two taxa
(another trematode and an acanthocephalan) decreased. When examining for patterns
within broad taxonomic groupings, nematodes, cestodes, trematodes, and leeches exhibited
no change over time, while acanthocephalans declined significantly across the study period.
Directly transmitted and complex life cycle parasites did not differ systematically from one
another in the direction of their response over time. The diverging patterns among parasite
taxa demonstrate that parasite responses to long-term ocean change are complex. The next
step in our research is to assess which environmental parameters (e.g., nutrient loading,
temperature) are associated with the rise and fall of parasites of Puget Sound.

ABSTRACT
Lauren White - AAAS Science & Technology Policy Fellow - US
A mechanistic, stigmergy model of territory formation in solitary animals:
Territorial behavior can dampen disease prevalence but increase persistence
(1) Lauren A. White, (2) Sue VandeWoude, (3) Meggan E. Craft
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Minnesota

Here we ask how dynamic territory formation and maintenance might contribute to disease
dynamics in a territorial, solitary predator for an indirectly transmitted pathogen. We
developed a mechanistic individual-based model where stigmergy—the deposition of signals
into the environment (e.g., scent marking, scraping)— dictates local movement choices and
long-term territory formation, but also the risk of pathogen transmission. Based on a variable
importance analysis, the length of the infectious period was the single most important
variable in predicting outbreak success, maximum prevalence, and outbreak duration. Host
density and rate of pathogen decay were also key predictors. We found that territoriality best
reduced maximum prevalence in conditions where we would otherwise expect outbreaks to
be most successful: slower recovery rates (i.e., longer infectious periods) and higher
conspecific densities. However, for slower pathogen decay rates, stigmergy-driven
movement increased outbreak durations relative to random movement simulations. Our
findings therefore support a limited version of the “territoriality benefits” hypothesis— where
reduced home range overlap leads to reduced opportunities for pathogen transmission, but
with the caveat that reduction in outbreak severity may increase the likelihood of pathogen
persistence. For longer infectious periods and higher host densities, key trade-offs emerged
between the strength of pathogen load, the strength of the stigmergy cue, and the rate at
which those two quantities decayed; this finding raises interesting questions about the
evolutionary nature of these competing processes and the role of possible feedbacks
between parasitism and territoriality. This work also highlights the importance of considering
social cues as part of the movement landscape in order to better understand the
consequences of individual behaviors on population level outcomes.

ABSTRACT
Nayantara Wijayanandana - London School of Hygiene and
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Detection of spatio-temporal heterogeneity of dengue incidence in Colombo
city, Sri Lanka : an assessment of urban risk factors and drivers using point
process spatial modelling
Nayantara Wijayanandana1, Jorge Cano Ortega1, Ruwan Wijayamuni2, Hasitha Tissera3,
Christian Bottomley1, Henrik Salje4 & Neal Alexander1
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1Colombo, the capital of Sri Lanka, is densly populated with a population of 752,993 and an
area of 37km2 and has varied residential land use. Endemic for dengue transmission with two
seasonal peaks, it has the highest yearly burden of dengue in the country. The study aim was
to describe the spatio-temporal heterogeneity of dengue within the city at a high resolution
and relate this to ecological risk covariates of population density, type of residential area and
residential density, land use, and proximity to known vector breeding risk sites such as
construction, markets, and schools. Additional focus was on how the built environment and
land use changes relate to dengue incidence.As part of their dengue surveillance and
control system, the Colombo Municipal Council records the location of confirmed cases in
Colombo city to pinpoint areas of high incidence and to administer vector control measures.
Spatio-temporal analysis of individual confirmed geolocated dengue cases was done for the
period 2010-2016 using point pattern analysis methods to develop a spatially continous map
of disease risk. A point process model was fitted using Integrated Nested Laplace
approximation (INLA) with the R-INLA package. The model estimated dengue incidence
(case counts with a population offset) at 100m x 100 m x month grids and was used to
estimate risk across the city. The analysis highlighted that there was persistent high incidence
in certain areas of the city.These findings will help the dengue control program target its
activities and inform control.

ABSTRACT
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Molecular identification of papillomavirus in Swedish birds
Richard AJ Williams1*, Conny Tolf2, Jenny Olofsson2, Jonas Waldenström2
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Papillomaviruses (Papillomaviridae) infect a broad range of vertebrate species, including
mammals, birds, reptiles, and fish species. Some strains of mammalian papillomaviruses are
Oncogenic, e.g., HPV16 can cause cervical cancer. Papillomavirus has been documented to
cause severe cutaneous and respiratory disease in several bird species. In chaffinches, it can
cause extensive cutaneous tumours on the legs and feet. Chaffinch papillomavirus (FcPV1)
has a reported prevalence of 1.3%.
We examined 6912 wild birds of 74 species at Ottenby Bird Observatory, Sweden, in autumn,
2016. We collected cloacal, oral, and skin swabs from six birds that displayed clinical signs of
cutaneous papillomavirus, and 213 individuals, of 28 species, with no clinical signs of infection.
We also collected small tissue biopsies from three of the infected birds. A total of 567 samples
were screened using a newly designed real-time PCR. 24 positive samples (4.2%) were
amplified from 17 individuals (8.0%) using traditional PCR and sequenced. Sequences were
obtained from six chaffinches, nine great tits, one dunnock and one goldcrest. Five of the
papillomavirus positive birds (four chaffinches and one dunnock) showed clinical signs of
infection; 12 birds were apparently healthy. Twenty-three 394 bp sequences were identical to
the previously published FcPV1 genome. A novel genotype, with 69% identity to the first, was
recovered from the beak of one chaffinch. Both genotypes were recovered from a chaffinch
that was repeat-sampled three times during a 22-day period. Two individuals, the chaffinch
with two papillomaviruses, and the dunnock were also positive for infection with avian
poxvirus. FcPV1 was detected in three bird species for the first time, however, clinical signs of
infection were not apparent.
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Urbanization, food provisioning, and transmission-relevant behaviors in Florida
white ibis
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As urban areas expand and natural habitats shrink, many wildlife species have shifted into
cities. In urban areas, animals often aggregate at higher density, move less, encounter
anthropogenic stressors, and alter their diets by consuming human-provided food, all of
which can affect the transmission of infectious diseases. American white ibis (Eudocimus
albus) in South Florida are well-suited for studying the consequences of urbanization on
pathogen transmission. Ibis naturally reside in wetlands but now commonly forage in urban
parks and consume human-provided food. In this study, we investigate how transmissionrelevant ibis behaviors change between urban and natural sites, across urban sites along a
gradient of provisioning, and when urban ibis are fed. We find that ibis in urban parks spent
less time actively foraging relative to those in natural wetlands. Within urban sites, foraging,
preening, and vigilance behaviors differed across the sites observed. Ibis at two urban sites
foraged less, on average, than those at other sites, but spent significantly more time preening
or being vigilant. Lastly, during feeding intervals, ibis density increased by over 20 times each
time food was thrown. These results suggest that urbanization and provisioning alter wildlife
behavior in ways that can influence exposure to parasites. Specifically, in ibis, food
provisioning can increase local density and contact rates for transmission of directlytransmitted parasites, while decreasing exposure to environmentally-transmitted parasites
due to lower active foraging time. Further studies of how urbanization and recreational
feeding influences wildlife behavior can inform management strategies to benefit both
wildlife and human health.

ABSTRACT
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Predation by Bdellovibrio and like organisms (BALOs) to drive microbiome
diversity
Janna Wülbern
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Host fitness is closely correlated with the presence of a stable and species-rich microbial
community. A shift in the microbial community structure toward dysbiosis might lead to
overrepresentation of certain (harmful) taxa and cause diseases. According to ecological
theory, the structure of a population (alpha-diversity) is shaped by competition and
predation from organisms of higher tropic levels. The so far neglected and understudied
Bdellovibrio and like organisms (BALOs) are obligate predators of Gram-negative bacteria.
These microbes represent an intermediate trophic level in microbial communities; they
predate other bacteria but are susceptible to ingestion by protists. BALOs have been shown
to function as key predators, directly shaping microbial communities by driving susceptible
strains to extinction and thereby allowing less dominant strains to reach higher cell densities.
However, a direct relationship between the presence of BALOs and the increase in microbe
diversity can only be determined in controlled laboratory experiments using a suitable host,
such as the nematode Caenorhabditis elegans. Thus, I will investigate the probiotic potential
of BALOs in establishing and maintaining a diverse microbiota with a positive impact on host
fitness. In doing so, I will investigate their potential to promote microbial diversity and affect
the community composition in the natural microbiota of C. elegans. Further I will assess the
effect of BALO presence on C. elegans’ host fitness and community stability upon exposure
to pathogens. In conclusion, during the course of my PhD, I aim to improve our understanding
of the functional consequences of microbial community dynamics in the presence of
bacterial predators (BALOs).

ABSTRACT
Claudia Wyer - Imperial College London - UK
Experimental evolution reveals the genetic architecture of sexual selection in
the Yellow Fever mosquito Aedes aegypti
Claudia Wyer, Brian Hollis, Lauren Cator

Imperial College London

Aedes aegypti is an important vector of several human pathogens such as dengue, Zika and
chikungunya. Ae. aegypti mating systems are characterized by female choice and male
scramble competition in aerial swarms, however the traits associated with male mating
success are unknown. Identifying the determinants of male mating success is key for the
successful mass-release of males for reproductive control strategies and for developing novel
control methods targeting mosquito reproductive behaviour.
In this study, laboratory populations of Ae. aegypti were evolved with and without mate
competition, and therefore sexual selection, for 5 generations. Pooled whole-genome
sequencing analysis revealed a genome-wide response to the selective regimes. Moreover,
the absence of mate competition led to a greater genetic divergence from the ancestral
field population. We also report significant enrichment for genes with chemosensory function
in high and moderate impact SNPs that diverge between sexual selection regimes.
Our findings demonstrate the importance of maintaining sexual selection in laboratory
populations of Ae. aegypti for retaining genetic similarity to field populations. Further, we
identify several candidate genes, some encoding sensory receptors of chemical stimuli,
which have a putative role in male mating success.
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Assessing the effects of measles infection on childhood infectious disease
mortality in Brazil and early US
Siyang Xia (1), Cricket C. Gullickson (2), C. Jessica E. Metcalf (2,3), Bryan T. Grenfell (2,3),
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Despite an effective vaccine, measles infections remain a public health concern globally,
causing hundreds of thousands of deaths each year, predominately in children. A danger of
measles infection stems from its facilitation of other infections. By damaging preexisting
immunological memory through the infection of immune memory B, T, and plasma cells, the
measles virus causes “immune amnesia” that increases one’s susceptibility to other infections,
potentially for years. This effect can lead to a positive association between measles and
other infectious diseases in epidemiological records. Examining this hypothesis in distinct
settings could help evaluate measles’ contribution to childhood infectious disease burdens.
Here, we analyzed the annual mortality of children age 1-9 in Brazil from 1980 to 1995 and
children age 1-4 in the U.S. from 1921 to 1937. In Brazil, linear regressions between annual nonmeasles infectious disease mortality (e.g., respiratory and diarrheal diseases) and measles
mortality showed a high correlation (R2=0.944). This correlation could be confounded by a
general decrease of all-cause mortality across years that reflects overall improvements in
healthcare. To control that, we 1) modeled the time trends using change-point analyses and
extracted residuals of mortality (i.e., “detrending”), and 2) calculated mortality differences
between every two consecutive years (i.e., “difference”). With both methods, in Brazil,
measles mortality remained significantly positively correlated with non-measles mortality
(detrending R2=0.523, difference R2=0.700). Similar results were also observed separately in
São Paulo and Rio de Janeiro. In the U.S., although original mortality data showed a low
correlation (R2=0.089), removing time trends revealed significant correlations between
measles and non-measles mortality (detrending R2=0.304, difference R2=0.459). These results
support that measles dynamics partially drove the variations of other infections, and
emphasize the disproportionate benefits of measles vaccination in reducing childhood
infectious disease mortality.
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Spatially-explicit reproduction number of chronic wasting disease in deer
populations
Jingjing Xu, Evelyn Merrill, Mark Lewis
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Chronic wasting disease (CWD) is a prion-based transmissible spongiform encephalopathy in
deer species (cervids) that results in 100% mortality. It poses a threat to cervid populations
and the local ecological and economic communities that depend on them. Although
empirical studies have shown that host social grouping, home range overlap, and male
dispersal are essential in the disease spread, few mechanistic models explicitly consider those
factors. We present a spatio-temporal, differential equation model in 2D space for CWD
spread. This model includes direct and environmental transmission for an age-structured
population where vital rates are influenced by CWD infection, and spatial grouping,
differential home range sizes, and habitat preferences that change with the season. We
present how the reproduction number of chronic wasting disease responds to resource
distribution, vital rates, and epidemiological parameters. We will use this framework to assess
demographic and spatial harvesting strategies in the future.
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Transmission Dynamics Of Highly Pathogenic Avian Influenza Among Multiple
Waterfowl Species And Poultry: The Impact Of Migration Timing
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Outbreaks of highly pathogenic avian influenza (HPAI) pose a risk to human health and
increase the probability of epidemics comparable to that of the 2016/2017 H5N8, European
epidemic. The objective of this study is to evaluate the impact of waterfowl migration timing
on the transmission dynamics of HPAI among wild birds and (backyard) poultry farms at
wetland regions in Croatia, to provide real-time outbreak risk assessments.
Under a simplifying assumption of homogenous mixing of waterfowl and the direct bird-tobird spread of the infection, we used ordinary differential equations (ODEs) and a modified
Susceptible-Infected-Recovered (SIR) compartmental structure to model transmission of HPAI
among wild birds and domestic poultry. The modelled populations include backyard poultry
farms, mute swans (Cygnus olor), a sentinel species for HPAI outbreaks, and 2 distinct,
migratory, and non-migratory (resident), mallard populations (Anas platyrhynchos), which are
asymptomatic carriers of HPAI. A Monte Carlo sensitivity analysis simulated 100,000 iterations
of the ODE model to assess the influence of parameters on the number of HPAI-induced
mortalities in wild birds and infected poultry farms. Lastly, a partial rank correlation coefficient
(PRCC) was used to measure the association of each parameter with the model output,
individually.
The preliminary results suggest there is a strong, positive correlation between the duration of
migratory bird overlap and the cumulative number of HPAI induced deaths of wild birds and
infected backyard poultry farms. The PRCC supports these results in all 4 populations.
This model can be implemented into Croatian-based HPAI risk assessments, contributing to
annual risk-based control strategies. Future work will add spring migration into the model
followed by model validation. Due to the uncertainties surrounding the next strain of HPAI,
and where, when and by whom it will be introduced, strategies of how to focus surveillance
efforts are of utmost importance.
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Drivers of copy number variation in adaptive immune receptor V gene
families of the great apes
Hao H Yiu, Philip LF Johnson
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The vertebrate adaptive immune system uses a repertoire of immune receptors generated by
somatic recombination of genes to recognize diverse antigens. These genes evolved through
duplication, deletion, and diversification, resulting in gene families showing copy number and
allelic variation which enhances the diversity of the immune repertoire. The variable (V)
genes of the immunoglobulin (IGHV) and T cell receptor beta (TRBV) loci contribute the bulk
of antigen specificity to their respective receptors. High polymorphism of many immune
genes may have been driven by pathogen-mediated selection and co-evolution with
endemic pathogens, however, the germline evolution of the IGHV and TRBV loci remain
understudied in part due to difficulties in distinguishing between orthologs and paralogs. Here
we investigate the evolutionary history of these gene families throughout the great ape
phylogeny using a combination of data from human immune-focused sequencing projects
and whole genome shotgun sequencing from the Great Apes Genome Project. We assess
both within- and between- species diversity and estimate rates of V gene family expansion.
Considering the extensive within-genome diversity, we observe surprisingly modest differences
between different populations of the same species and between the great ape species.
While most V gene families in the great apes expanded or contracted without signatures of
selection, we find limited evidence of selection driving a Nigerian Chimpanzee-specific
expansion of several IGHV and TRBV gene families. Together, these results suggest that
pathogen selection pressure has played only a limited role in the on-going evolution of
germline V gene loci, despite their key role in vertebrate adaptive immunity.
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The role of wildlife with long-range dispersal such as gulls in the global dissemination of
antimicrobial resistance (AMR) across natural and anthropogenic aquatic environments
remains poorly understood. Antimicrobial-resistant bacteria have been detected in resident
and migratory gulls worldwide for more than a decade, suggesting gulls as either sentinel of
AMR pollution from anthropogenic sources and/or Indiapendent reservoirs that could
maintain and disperse AMR across aquatic environments. However, confirming either of these
roles remains challenging and incomplete. In this work, we summarized the global
dissemination of AMR in gulls, the genetic mechanisms behind this dissemination, and the
available evidence suggesting gulls as reservoirs of antibiotic-resistant bacteria and/or
antibiotic-resistance genes. We identified 90 studies focusing on AMR in gulls from all
continents but mostly in high-income countries. Studies included 23 out of 100 gull species, 49
bacteria species (mainly Escherichia coli and Salmonella spp.), and 13 bacteria classified as
critical priority for human health. Despite many studies focusing on AMR in gulls, most studies
did not identify the source of AMR, few studies compared bacteria isolated in gulls with
another wild or domestic species, and only two studies performed longitudinal sampling to
assess the maintenance and dispersion of AMR by gulls within and across regions. We suggest
future research required to confirm the role of gulls in the global dispersion of AMR including
the standardization of sampling protocols, longitudinal sampling using advanced satellite
tracking, and whole-genome sequencing typing.

