Analyzy aDNA patogenu
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Cile studia aDNA patogenu:

e Vztah patogen — hostitel, evoluce, koevoluce
adaptace, zména virulence

* Paleoepidemiologie

* Geograficka lokace - objevitelské cesty, kolonizace
* Historicky kontext — valky, zahadna umrti...
PRESAH | DO SOUCASNOSTI A BUDOUCNOSTI



Zdroje aDNA patogenu

Kostni tkan — loziska nemoci, kosterni material
bez priznaku

Mekké mumifikované tkanée
Koprolity
Muzejni exponaty

Fixované histologické vzorky
Vzorky pudy z okoli nadlezu
IZubni kamen!




aDNA patogenu — cilové sekvence

Metagenomika Specifické geny

Celogenomove Geny spojené s
sekvenovani virulenci
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Mycobacterium tuberculosis

* Pomalu se délici, grampozitivni bakterie zavisla na kysliku
* Prenos kapénkovou infekci




Tuberkulodza
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Pottova nemoc




Mycobacterium tuberculosis

Nejasny vyvoj — vyzkum repetitivnich sekvenci
Rod Mycobacterium je spojen jiz s paleolitickym sifenim
Homo sapiens sapiens z Afriky

Od neolitu se zacalo vyskytovat i M. bovis - prirozeny
rezervoar ve zviratech

Geneticky neuniformi, virulentnéjsi poddruhy, rezistentni
kmeny

Zminky o tuberkuléze: v Ebersky papyrus (1550 pf. n. l.), Stary
zakon, Védy (1500 pfr. n. l.), Hippokrates (460 pfr. n. |.)

Vyskyt i v Jizni Americe jesté pred zamorskymi objevy
Vrchol epidemie na prelomu 18. a 19. stoleti



aDNA Mycobacterium tuberculosis

Prvni analyzy jiz v roce 1994 (Salo et al.)

DNA se dobre zachovava — hydrofobni lipidova
bunécna sténa

1000 let stara americka mumie

Analyza repetitivni inzercni sekvence 1S6110 (123 pb)

Tento lokus se pouziva dodnes (Donoghue et al.,
2004, Stone et al., 2009)

Doplnéno mikrobiologickymi analyzami (Hershkovitz
et al., 2008)



Mycobacterium tuberculosis
Populacni studie na aDNA

Zink et al., 2001 — 37 egyptskych mumii (3000 — 500 B. C.)
Zink et al., 2003 — 87 egyptskych mumii (2050 — 500 B. C.)

Plivodné nakazeny M. africans, po roku 1050 B. C. pouze M.
tuberculosis

Bowman et Brown (2005) — 168 koster z Madarska ( 18. —
19. stoleti) — 50% populace

Donoghue et al. (2011) — 93 mumii z Madarska (18. stol.)
- 78%!! populace



Mycobacterium leprae

lepra, malomocenstvi"
Zpusobena Mycobacterium leprae
Neni tak infekcni jak M. tuberculosis

Nejstarsi zminka cca 1500 pf. n. l., nejstarsi télesné pozustatky
vykazujici jasné znamky tohoto onemocnéni sahaji az do 4.
tisicileti pf. n. I.

Za krizackych valek zavlecena do Evropy
Leprosaria

Mycobacterium leprae také oznaCovan po svém objeviteli jako
Hansenuv bacil. Ten se geneticky od stfredovéku nezménil, ale
omezila se pricina Sireni

M. leprae v akutni formé napada Schwannovy bunky,
makrofagy v periferni nervové soustavé a zpusobuje
znetvoreniny na koncetinach a na oblicCej




Leprozni kosti




aDNA Mycobacterium leprae

Porovnanim DNA M. leprae z Brazilie, Indie, Thajska
aDNA byla zjistena mala geneticka diverzita

Analyza SNP a RLEP - repetitivhi elementy (velky
genom s radou pseudogenu)

Puvod v zapadni Africe, Sifila se do Asie, a V. Afriky

Prvni analyza 1994, 1400 let stare kostry (Rafi et
al.1994)

Nakaza Casto spojena s tuberkulozou (Donoghue et al.,
2005)



Tri formy projevu:

dymejovy mor (bubonicka forma)
septicky mor

plicni mor (pneumonicka forma)
Prenos blechami z hlodavcU

Nékolik vin epidemii: Justinidansky mor, Cerna smrt, Velky
londynsky mor

Cerna smrt ve 14. stoleti vyhubila 1/3 — ¥% obyvatel Evropy



aDNA Yersinia pestis

Dancourt a kol. v roce 1998 poprve vyizoloval DNA
Yersinie pestis ze zubu

Analyza sekvenci genu Rpob — RNA polymerase b-
subunit encoding gene a pla — virulence — associated
plasminogen activato encodidng gene

Dvé teorie puvodu — orientalni a stfedomorska

Analyza aDNA 76 jedincu z masového hrobu z 14.
stoleti — dvé cesty puvodu moru (Haensch et al. 2010)

2011, Bos a kol. analyzoval Y.pestis ze 14. stol. z
Londyna — mutace zpusobili vySSi virulenci nemoci



Rl

Treponema pallidum &
7 |

Syfilis, prijice, lues, francouzska nemoc, Venusin mor
4 stadia — primarni a latentni Spatne rozpoznatelne,
kongenitalni forma
Prenos telnimi tekutinami
Dvé teorie puvodu:
Predkolumbovska — nepotvrzeno
Kolumbovska
Prvni epidemie jiz v letech 1494/1495
Cela rada vyznamnych obéti, ale Casto jen spekulace!
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Treponema pallidum v kostech

500 Years of Syphilis

* Tvorba gummat

1494-1495

French King Charles VIIl invades Naples
with 25,000 troops. Soon after, syphilis
begins to spread among the soldiers and the
prostitutes who accompanied them.,

Mid-20th Century

The discovery of antibiotics controls the spread
of syphilis, while a World Health Organization
yaws eradication campaign treats hundreds
of millions of people worldwide with
injections of penicillin, eliminating the disease
entirely from many countries.

Mid-1990s

Another national park in Tanzania reports
disease; we subsequently demenstrate that
T. pallicdum is responsible for these cases and
find evidence of the infection at a number of
other national parks in the country.

A new phylogenetic tree suggests that
the closest genetic relatives of syphilis
strains are yaws-causing strains of T
pallidum found in the interior of the South
American country of Guyana.

March 2012

The World Health Organization announces a
second counter-offensive against yaws.

1492

Christopher Columbus and his crew travel to
the New Waorld, possibly picking up syphilis
and transporting it back to Europe.

1905

German scientists Fritz Schaudin and Erich
Hoffman identify the corkscrew-shaped
bacterium, Treponema pallidum, responsible
for syphilis.

Late 1980s

Researchers at Tanzania’s Gombe Stream
Mational Park report a gruesome disease that
affects the genitals of resident baboons.

2005

Paleopathologists Mary Lucas Powell and
Della Collins Cook find indisputable evidence
of treponemal infections throughout the
Americas, with many cases occurring in
juveniles, leading researchers to believe that
the disease is not transmitted sexually.

20m

In a comprehensive survey, we find that cases
with a strong treponemal diagnosis do not
have a solid pre-Columbian date, challenging
the idea that treponemal disease existed in
Europe pre-1492,

Today

Roughly 12 million people are diagnosed with
syphilis each year, and yaws continues to
plague many regions of Africa. Bejel, on the
other hand, is extremely uncommoan, with the
first case in nearly 20 years reported in Iran
last year.



aDNA Treponema pallidum

Zoechling a kol., 1999 — izolace treponemy z histologickych
fezu

Kolman et al., 1998 - izolace treponemy z 200 let strarych
kosti

Velmi problematické ziskat aDNA trepomemy

Bakterie je v kostech pouze v terminalnim stadiu a pouze v
misté léze (Bouwman et Brown, 2005)

Bakterie je velmi kfehka a velmi snadno podleha degradaci
(von Hunnius et al., 2007)

U novorozencu (kongenitalni forma) je pfitomna v kostech
vSude a ve vysokem mnozstvi (Montiel et al., 2012)



Dalsi bakterialni nakazy
Salmonella enetrica serovar typhi — brisni tyfus

Rickettsia prowazekii — skvrnity tyfus
Bartonella henselae

Bacillus anthracis — antrax, snét slezinna




Virova onemocheni

» Spanélska chfipka (Orthomyxoviridae)

Kompletni sekvence DNA, geneticky podobna ptaci
chripce, na clovéka prenesena z neznamého zdroje
(Taubenberg et al., 2005, 2007)

* Hepatitida B (Hepandaviridae)

mumifikovanych jater, endemicka korejska forma (Bar
— Gel et al., 2012)

* Nestovice (Poxviridae, variola)



Pravé nestovice

* Prokazany uz v mumiich — Ramesse Il (1147 B. C)
* Neékteré kmeny az 100% umrtnost nakazenych

e 1980 vyhubeny, pouze 2 referencni laboratore:

 the Centers for Disease Control and Prevention
(CDC) (Atlanta, GA, USA) and the State Research

(Koltsovo, Russia)

* Osteomyelitis variolosa
e Sibirska mumie — virus podobny variole
(Biagini et al., 2012)!



aDNA humannich parazitt

Plasmodium spp. (Zink et al., 2006) - malarie

Trypanosoma cruzi (Maden et al., 2006) — spava nemoc
Escherichia coli (Fricker et al., 1997) — entrobakterie
Heliobacter pylori (Swanston et al., 2011) — Zadulecni viedy
Ascaris lumbricoines (Loreille et al., 2001) — Skrkavka
Enterobius vermicularis (Iniguez et al., 2006) — roup détsky
Clonorchis sinensis (Liu et al., 2007) - motolice Zlucova
Trichuris trichuria (Oh et al., 2010b) - tenkohlavec hlisti

Pediculus humanis capitis (Raoult et al., 2006, 2008) - ves
déetska



