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Unlike free-living organisms, pathogenic viruses, bacteria, and fungi need to infect a host
organism in order to reproduce and must continually transmit and colonize uninfected hosts to survive in
the long run. This mode of survival creates reticulated evolutionary histories dependent on the network
of hosts and incurs repeated population bottlenecks every time pathogens transmit from an infected host.
In order to capture the complexity of pathogen evolution, processes occurring within the host and events
happening between hosts in the population ‘have to be considered. However, our current understandjng
of pathogen evolution is limited to observing evolution within singlek infections, or characterizing
evolution over a host population. While these two views agree that pathogen evolution is largely driven
by purifying selection, within-host studies have found little evidence to support the idea that positive
selection of pathogens naturally occurs within hosts. Results from within-host studies appear to be at
odds with finding of positive selection using sequences sampled from different individuals. If pathogens
are rarely selected for their fitness advantage, how can we explain the signature of positive selection
detected from host population s@ples?

In this study, I attempt to reconcile these conflicting observations using network model of
pathogen evolution that integrates within-host ﬁrocesses of replication, mutation, and selection, with the
between-host processes of transmission and host-host interactions. In combining processes that occur at
different levels of biological organization, I was able to examine the effects of transmission and host
network structure on the genetic evolution of pathogens. Due to the periodic infection and transmission
pathogen lineages undergo, I found that these events dampen the effect of natural selection even at
pathogens posseés a large fitness. Two main factors impeded the effect of positive selection in pathogen
~evolution. First, the time it takes for selection to significantly raise the frequency of a new mutation is too

long compared to the duration of acute infections. This means that new mutations remain at low



frequency throughout an infection unless the fitness advantage is extremely high, or the duration of the
ihfection is significantly long. This explains why most findings of positive selection within hosts have
been from pathogens that cause chronic infections. If beneficial mutations exist at low frequencies, the
probability that these mutations are transmitted is slim, especially when the number of infectious units
transmitted is low. The population bottleneck that occurs every transmission is the second reason positive
selection cannot 6perate efficiently. Expeﬁmental studies have shown that transmissions tend to impose
a harsh bottleneck on pe'ltlrlogens. Since paﬁogem transmits periodically, this means that bottlenecks
recurrently occur over a short period of time. My results indicate pathogen evolution is not sensitive to
fitness differences as the fixation probability of mutations tends to be flat up to moderate level of selective
advantage. This indicates that the periodic expansion and reduction in population size in tandem with the
short intervals between bottlenecks inhibit the role of positive selection in pathogens. This suggests that
transmission parameters could play a bigger role in the evolution of pathogen than natural selection.

Placed in the context of a host network, both the density and the structure of the network
influences the observed evolution of pathogens across the host population. Results from simulations on
networké showed that diversity is significantly reduced when the host network is sparsely-connected than
when it is densely-connected. However, any type of network used to condition the potential paths of
transmission always showed lower levels of diversity compared to an unstructured population. While the
network model saw reduced diversity, fixation probability is also diminished because the network
stricture promotes differentiation between pathogen lineages. Networks therefore make it hard for an .
advantageous genotype to sweep the entire population unless it is related to host immunity. When the
new mutation changes the pathogen’s immunological profile such that is create a new serotype, then
these kinds of changes. are expected spread rapidly as the pathogen is granted an effectively
immunological naive host population to infect.

In summary, this study revealed the underlying comection between epidemiological parameters
of transmission and the duration of infection with the population genetics of pathogens within the host.
Through computer simulations, I showed how why positive selection is so unlikely to be observed in

pathogens and raises some concern about potential false-positive detection of positive selection.



Results of the doctoral thesis screening

LES B e E L

Name in Full ) .
Kawashima, Kent Diel

‘é‘rﬁijctﬁﬁlﬁc Network Models of Pathogen Evolution: Reconciling Population Genetics
and Epidemiological Dynamics

HEBE L. HREEEOR Xy PU—2 EF L&AV THEROEEE 2 B8 L £ 585
MBS EMT 5 L AN, BE-BENEERZADEINORRBRLEENT
DHEREOEARGFHNELIHEVERETIRERELORY N - EFLERREL,
INGORLZIBREEZHESG LU THET A I EERRE,

ETORR, BRDVANVOEYZFNEB TR IS0t R 2BLGbEHZ LT, FHARE
DEBEHERICHT D, BELEEORY PV - BEORELTTRDIIENTETHLS
ZEESRL, FEEAOELIIBWT, EFNLEEIMBREBREFREOCORIINER L& 7
DIRREEPRRERBEREEF - TWTHLERBROPELZH/DEZ L EZRAB LA E—iC,
FHLWEREROBELE L LR LB ET 2T, AERE O & Lk
LTRTE, CHITHEEORERFEFCEVHESCELEOHIMBFLLEVEAZBRNT
FLNEANBEHEE TRREFERDIZLZER TS, F2I0, vRTORPABRCRAET
BRIV Yy 7 B EOCRIRBRMICHETERVER LR B,

BEXy PI—JCEBELEMIT TR, Xy N — 7 OBELBEOmMER, SXEHL
HEORBRECBVWTHAES NI ELICREELERET I EHALIILE, ¥YTal—va
VOREREBEEDR Y Y= PEEALTVAESII SHEESKEBICETLTWLA MR,
BEEFAARBREAERTOIREZ2EELTER LRy PU—27 T3, EHELERL
L TEELIVENWL_AVOLBEEEZRTZEEALNCLE,
INLOREFTEREMD, FREORBEILIAFH LVWMFEHLEY HIHLAH L WVWERER
PFERICECD &, HROCKRBLROBEERCRETE0T, TR bOH LVELHS
BEWIEA S L HEAITTHELE,

BLED#RIE, HEEOWEE, HEEFA LV Ial— Va3 FEREMENLEEFEED
HEFERICL L, FEBREEICHTAEORKOED X532 RTHRELE L TEKY =
2, ‘
FAHMECBVWTHRENEFEEHIPAALE Y I 2 b—varohbboru s 5 aiE,
Github # i L TR A SN TH Y, 0ALFATERRELS 5,

MR IS RIL, SHOHFHRFREOHACHTICHE T s EEORBH 2 BRICERT S & &
Hiz, 4%, FEAELCICHETIH 2T A—F—DEV LI ZHLMZLTN 2 &
T, HREENOELLOSBFICERT 2L BB/ ENIRETD B,
DEoBEmIcLY, FERZRRRE., ARXPBUOBREICHET B LHEFLZ,



