The Host-Microbe Relationship




are often compareol
with . Once fire has spread through an aren,
Lt does wot return wntil new trees have grown up.

Epldemics tn humans aevelop whew a Large population

of susceptible individuals (s presemt. f most

individuals are tmameune, themw awn ep’wlemic will not
OCCUY.

—Awndrew CLLf and Peter Hagoett, British Geographer




o Mcroorganisms are @ The microorganisms are e Microorganisms are o Disease |s reproduced @ The microorganisms are
isolated from a diseased grown in pure culture. inoculated into a healthy in a laboratory animal. isolated from this animal
ordead animal. laboratory animal. and grown in pure culture.

-
o According to Koch's postulates, a
specific infactious disease is
caused as ific microbe. =
A P The microorgenism from the

e HWoch's postulates help determine
the etiology of disease, the first
step in treatment and prevention.

diseased host caused the same
disease in a laboratory host.

o Microbiologists use these steps to

identify causes of emerging @ Microorganisms



Associations between Microbes & Humans

Case of contact with a pathogen such as Streptococcus pneumoniae (the pneumococcus).
This bacterium can be harbored harmlessly in the upper respiratory tract, but it may also invade and infect the ear, cranium, and lower respiratory tract
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Microbiota

Normal flora

Microbiome
Coe
microbiome

Secondary
microbiome

Community of microbes that live in and on an
individual; can vary substantially between
environmental sites and host niches in health and
disease

Microbiota

Aggregate collection of microbial genomes in the
microbiota

Commonly shared microbial species among individuals
at specific body sites; although typically represented
by a limited number of species, these comprise the
largest proportion of the microbial population

Microbial species that contribute to the unique diversity
of individuals at specific body sites; typically present
in proportionately small numbers

Functional Required functions (e.g., metabolism of nutrients,
redundancy regulation of the immune response) that are provided
by the diverse members of the micrabiota
Taxonomic The diverse number of species that comprise the
diversity microbiota
Prebiotic Food ingredient that supports the growth of one or
more members of the microbiota
Probiotic Live organism that when ingested is believed to provide

benefit to the host



Sites That Harbor Normal Resident Microbes

= Skin and its contiguous mucous membrines

* Upper respirtory ract

« Uastrointzstinal tract (vanous parts)

» Outer opening of urethra

* DCxternal genitalic

* Vazina Normol Flora

I found on body surfaces contiguous with the outside environment

« Fxternal ear and canal
« External eye (lids, lash follicles)

Is semi-permanent, varying with major life changes
e Can cause infection

— if misplaced, e.g., fecal flora to urinary tract or abdominal cavity, or skin

Sterile (Microbe-Free) Anatomical Sites and Fluids ot cathener

All Internal Tissues and Organs — ar, if person becomes compromised, normal tlora may overgrow (oral
Heart and eircutatory system Bones thrush)
Liver Ovarieshestas e Contributes to health
Kidneys und bladder Olamds (pancreas, salivary) - pmtec_r_ive host defense by maintaining conditions such as pH so other
Lungs Sinuses Organisms may not grow
Krain and spinal cord Micldle nnd inner ear — serves nutritional function by synthesizing: K and B vitamins
Muzrles Internul eye

Fluids within an Organ or Tissue
Elood
Urine in kidneys, ureters, bladder
Cerebrospinal fluid

Saliva prior o entering the oral cavily
Semen prior to eatening the urethra
Amniotie fiuid surronnding the ambryo and fetus



Protective Characteristics Associated with The Mucosal Linings of Different Internal Body Surfaces

Nasopharynx
Mouth Resident microflora
Sloughing cells Secretions
Flow of saliva {lysozyme,
Lysozyme phagooyles)
Hasident microflora / Ciliated cells
Lungs
Macrophages
High concentration
of resident microflora
Stomach
Low pH

Proteolytic enzymes

Small Intestlne _ Vagina —
Fast flow o LowpH —~~—~—__
Mucus Resident microflora ——

Sloughing celis

Bile salis
Peritalasis f_,-""/r

Bladder
Flushing action of urine

—_ d Low pH
En]nn Physical barrier ot urathra
Slow flow A Uinathirs
Mucus, sloughing cells o Bow ||

Abundant resident microflora
Bile salts
Perilalasis



Topographical Distribution @ @ seseu

of Bacteria on Skin Sites

As at other body sites, the distribution of
the skin microbiome is dependent on the
microenvironment of the sampled site,
such as sebaceous or oily (blue circles),
moist (green circles), and dry, flat
surfaces (red circles).
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Life on Humans: Sites Containing Well-Established Microbiota & Representative Examples

Anatomlc Slites
Skin

Gastrointestinal Tract
Ol cvaly

Large intestine
and rectum

Upper Respliratory
Tract

Genital Tract

Urinary Tract

Eye

Ear

Common Genera

Dacteria: Stapfiiviccoccns, Micrecoocons,
I Terrverefade Feorf e, Pnlﬂiﬂﬂih-?r'h-n":nn_
Srreprocacolis

Fungl: Candida, Adalassenia

Arthrogeoalss Freemesedin vnite

Hauselerin: Xirepalear-aeiin, Weiaserter, Viedllosae e,
Fusebactericnm, Lacrobacillus, Bacrercides.
Actinomyces, Eikenella, Treponema.
Haemophilus

Fungl: Candida sp.

Protozea: Cniamoeba gineivalis

Bacterla: Bacoreroides, Fusoboaoterinm.
Oifidobacterimwmn, Clostridiem, foecal
sslverpabnscnescesi avnnel stopabuye losczoesesi, Faoeedonliae il s,
cuslifewrmmis { Exedreriefie, Fateoreslere-fery, Fresleus S

Fungl: Candida

Protozoas: Enramoebaa coll, Trichemonas fromifnds

Microbial population exists in the nasal passages,
throat. and pharynx: owing o proximity,
ponneerwebaess e sannnelor dor thieeses ool ol cavaly,

Hoelewisn: £ ooofoelreres T, SErarpalereareiies,
diphitherafds ( Corvnebacrerfion nnd relatives)
Escherfchia, Gardnerella

Funnngiz € Cannelicdia

Himcile=ris: ."t'hq.n‘:_vhu wacrres, NErepefen s,

Corvnehacreriiom, Lacrobacilfns

Dacteria: coapulase-negative staphylococci.
Mitrrsppdearoereaas, (Neisxen et

Bacteria: sinphylococci. diphtheroids
Fungl: Aspergiiius, Penicillinm, Candida, voasis

Remarks

Microbes live only in upper dead layers of epidermis,
Flamd=, ard follicle=s: dermis and Iayers helows ane ster] e

Dicpendent on skin lipids for growth

Pressent i seebirceamass e lamnls sornel Buic Goallie les,

€ ko e epnolermnl Layisr ol olaseks, prmngava,

pharynx: surface of tecth; found in saliva in huge numbers

Can cause thrush

Inhabit the gingiva of persons with poor oral hyvgicne

Arcas of lower gastrointcstinal tract other than large
intestine and rectum have sparse or nonexistent residents,
AAicrorlyiesdbo coowesizsl prrecloamimnank by ol sivict aonaesresbess
wrl b rmieresbes e aeErvslorlEraed o Fowenn Dt s ve

Yeast can survive this hobiunt, but not molds.

Feod on waste materials in the lnrge intestne

Trachea may harbor a sparse population: bronchi,
bronchioles. and alveoli are essentially sterile dae o
[ FETEFTY B STEEE Y P2V PRI Eers

Irr lesrmnanless, ronaereshess ooy e external preolabiae ool
vaginal and cervical surfaces: intecrnal reproductive
structurcs normally remain sterile. Vaginal colonists
respond to hormonal changes during life.

€ oo vl wemivsd e leciiore:

T Gemrmmsleess, vonneerelvosdan eemoisd donnly don Ghes Foesd prooctaoees ool e
urcthral mucosa: the remainder of the ract s sterile. In
males. the entire reproductive and urinary tract is storile
except for a short portion of the anterior urethra,

The lids and follicles harbor similar microbes as skin: the

wornnguenesievar b o teamesovennd proogreelaloomn; alessepy fossinmes. e
sl e,

The external car'is similar to the skin in conteont: arcas
intcrmal 1o the tympoanum are gencrally sterile.



1373811

Effects of the Germ-Free State

Germ-Free Animals Display

Enlurgement of the cecum:
other degeneranve discases
of the intestinal tract of rats,
rbbits, chickens

Vitamin deficiency in rats

Underdevelopment of immmne
system in most animals

Absence of dental caries and
periodontal disease in dogs.
rats, hamsters

Heightened sensitivity to
enteric pathogens (Shigella,
Kalmaonella, Vibrio choleras)
and 1o fungal infections

Lessened susceptibility to
amebic dysentery

Less baody fat

Significance

Microbes are neaded For normal
intestinal development.

Microbes are a significant
nutritional source of vilmmins.

Microbes are needed (o siimulate
development of cenain host
defenses.

Microbes are essentinl in canies
formation and gum disease.

Normal bacterial residents are
artagonistic against
pathogens,

Murmal resident microbes
facilitate the completion of
the life cycle of the amoeba in
the gul.

Nermal microbiota help to break

down indigestible carbohydrates

and imcrease Gt storage in the
body.



The Origins of Microbiota in Newborns

A newborn presents a rich and varied
collection of habitats. Exposure to the
environment through the birthing process,
parents, health care workers, and visitors
leads to colonization of the newborn by
numerous microbes
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v'Vaginal birth is the point at which people first come into contact with a vast array of
microbes.

v'Recent studies indicate asthma, obesity, and type 1 diabetes all appear more commonly in
people delivered by C-section than they do in people delivered vaginally.

v'Lactobacillus and Bacteroides are prevalent in the microbiota of infants delivered
vaginally, but the microbiome of infants delivered by C-section more closely resembles that of
the human skin, with abundant Staphylococcus aureus.

v'In one study, sterile gauze was placed in the mother’s vagina for one hour before C-section
delivery. After birth, the gauze was swiped over the newborn’s face and body. Over the next
month, the microbiota of babies'who received these vaginal swabs was tracked.

e

Human Microbiome Projects (2007) .
A typigal.human body contains 3 x1013 body cells, and -
harbors as many bacteria cells—an estimated 4 x 1013
bacterial.cells

— - —



MICROBIOME
VERSUS

MICROBIOTA
MICROBIOME MICROBIOTA

H Il I E EE EEEE R R E RN EEEE . Il . EEEEE EEEEEEEEEEE N
The entire habital ol The assemblage ol
microorganisms, including the microorganisms present in a
microorganisms (bacteria, detfined environment
archaca, lowecr and higher

c:ukurynl_e.*-;, and viruses), Ltheir

genomes (1.e.. genes), and the
surrounding environmental

conditions
I BN BN B B B B B B B B B B B B B B B B BN H B E E EEEE EE B BEBEBEBEDENSENE®BNEBNE®BEBE®BN

Dcscribes both biotic and Describes only the biotic
abiotic factors associatcd factor of microorganisms in
with microorganisms within the habital

a particular habitat
H E B H B E E DR EERE N EEESEEE NS ®BRE®B H E E EEEEE RN EEEEEEEEE .

Mainly focuses on the Mainly focuses on the type
ccnctic makcup of of microorganisms in thc
microorganisms habitat

Wizl www . TPREIDTA A com




SO iy L HOW GUT BACTERIAO
3*==*= IIFFEBTB THE BRFIIH IIHI:I BODY

|
in the human 5 s

tre aral exvity =ih [
5. milis > 75% inkhe .

plaak B0 i 1 e ez e |
s v B
T v Lo

microbiome

Latobacillus ysies

UL, BAasger, L. s
L enigaatis, L mers)

OEPAESSION =- - .- - ANHIETY
e m than s i F 1t i BT 6 CAr Faver meE I AR

A e AN sfteere. Cnoe el g
ook

Rl

Severel Provolefa speciss ae

5 & » MUTEM
Mﬂ I\hﬂ“‘rﬂﬂﬂh“ i - - I el = o )
el P ioph B pressantin EOZOEHRC A uwn i Fleud 'f_ﬂ;‘
19% OF Lhg SuUbjEcts and T [
dardtee [he inteslicel T oy B Y
fora weien present i i iHer mp e thie dlcenss
", T llllerziofe L bt bens Bz
i > [IErp e
|

CRESITY & OIMRETES * A A \
A rumrker ot aoidier Inksc 1 : i = CROHRI DISEasE
Inl.u II4I||IJ| AL QEITHES | B Y= < - -'_ I errmmaly hish bards o ©areie

COLOM CIACER —

i e sl \.111"11 rhe 'Jlxt ri=ar s Theie— .I ' 1
i % INCERETIVE COLTE
Ebundant i |:I|I|I ar f A [ . PICT e Elﬂ.. .0
senusin Ul hl L ety
‘ b the put : . | - o R P
| .‘ of - FHELIMATTID B RTHEST =0t 1 L
| o dicabarez fnz w | kb—: 23 v B |
a = el Fignithy 3 bl A ! ! Y S ERRITAGLE ROWEL S¥NOROME
f q— ,ﬂiﬂ ] [ i Teara b a o nidon Ink hermes G5
microbas ' | | =} i AN CAngronTE chEa AL N
| - A R | anitnl bl iz
Fatential i Carpylchacter ndudes
i ' -
pathogens : - anistic
- oo
parthogei,

The four most
abundamt phyla

Ao tinobacteria

frantrtamar :i.r..m

0 Bactercidetes o (e B .hllll-\..:::l.l :;_'m.
Firmicules o
Mretecbacieris BEFEIDEIRCTERIA

FILT bl s ik
Fricnt

Low abundance phyll

CHorofad

#rpami i deatliy al ain b o walialme

e—— :g.-"hul.-.
EF:E-IDEHI‘E
1 erdzanan s 1.-nrnn.-m.'h a E. toll S priesent Tr. e cul of

e mejorityod healty Tubjecs

e cme B e iamdign Sk e it ot o b L e Sl i e THE BSUSEC TR POsST
Fail .dﬁ"'hlhl’fﬁuﬁ" - - e




Basic Infectiological Terminology | (Pathogen)

Toermm

Explamnatiom

Sanpranhytes

Parasites

Cosrrrrrner ey sals

— Pathoagenic milcrovoraganisms

Cpaproar Lunsisls o
Faculratively
pathogenic

ISR T ESTSTwEFS R TR o 5

Il v cporryie iy

Wirtillemnos

Incubation pericod

IPp e Lesrvey

Imfectlhomn sraectroirm

rAEnirmurm infective dose

Potescles sl fvwlesc Liesry

These mileroaraganlisms are nonppatrhoagenic: thelr
mnatural habitat is docad organic matbcor

Unicellular or metazoan organism living in or on
s rreguaariisrry ol armobllaer spoecics (Traosl) oy Lhees e
e ol Lhee Taoast

Pdorrrial imfralbitoarits ol skicy anad rmyucossaa; Lhae s
mal flora 15 thus the total commensal population

Cla=ssle di==sase—causing pathoagens

ot cartrser elismeanes iny irmnrriarnecostiperoariisoedd ineedi
widwrals aghven an “opportuamnea™ situation: thesese are
fregueaenthy germs of the normal flora or occa-
sicrrraally frorn e swrrounding ecrmswviroorre o, i
mals. or other germ carriers

Capraa by o3l o praallvesgesry spvecioers Loy canuser oliscamses

Surm ofF the disease-cau=sinog properties ot a strain
of a pathogonic spuaocics

Tirme betweean infection and manifestation of
climyrases syryyplorres: Lhils spescific disoeases clharac
teristic can be measured In hours, davs. weelks.
LR ETWESET WESCE S

A prarasibological Lerrms Lirvee bebweescrn im Moo Loy
Aarncl tlirst appearance of procducts of sexual re-
producticon of the pathogen (e.g., vwoarrm eggs in
sbraa]l ol o PreossU o wwilly DraelrrvivsLbiessis)

The totality of host sprecies “sosceptibie™ tor In-
foction by a given pathogcoen

smallest numiber of pathogens sufficient to
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Basic Infectiological Terminology Il (Host)

Terrm Explanatiosn

€ oorrnl vyl tewew PTic roslzicalerggic al graresesve = o3l rnvic remcerrgpaartasrr = cxry calajec L=, ira
thc cnwironmMmoent. or in samelcs for amnabysis
C arlerrriccalicon Fre==essae o= ool rvvic sercancpAarsi=arr= cxrr ~kiry cor ovanae eosa: 110 prerie=l -

ticomn inte tissucs; typeical of Norrmal tlora; poathogonic Miicro
oarganisms occaslionally also showe colonizaton behawvior

Teafe=c Ricarnyw Trvwessicary ool o eyl sarEfurnniarsy Fay ronic roscarEgesmadmrvrs, prroslifosroaliconn
e3F dtlve= Frvwsclivagy esrgpartinrras, mrncl Facowil seme Licann

Imapparaent (or sukbe- Imfaectiorn withowut outhhrealk of climical symptorms

c linaic Al devle=c Licyn

Imtocctious discasc Imfoctlhon with ouutbhrcak of climnical symptorms

fexr o« Divnic el inale=c Bicana)

Probability of Froguocrmnoy of clindcal manifostation of an infocticomn n dis

rrrAanile==l alicas prev=esel irsclhivicloral- {3)

Endogoenous intoctiomn Imfoction arising trom thoe colonizing flora

Leraogeanous Infection Imfaection arising from inevasion of host by milcroorganisms

from sources axtermal to Ir

MNosocormial infoction Imfoection acaguircd during hospitalizaticon (urimary: tract intoc
tions, nfections of the rezspliratory organs, wound infection,
LT anis)

Loecal infectiom Imfection that remalins restricted to the portal of entry and
'\IIII"I:'IIul'I':IIJ-iII'I:_I e

Concrallzod Intcoction Lyrmphogoenous amndfor  hoematogonogs sprcad of evadinog
jreaallacscpe=ry ~lear Livneg Toesrvn Lloe= gresrleal ool esraloy: srale-c Licans eol wan—
gans to which pathogen shows a specific affinity (orgamno-
Eresgaiarya); Lhepoeee =l.pcgesw=: ipnc nolzcabticsny, cpeerrocraafiaaticsns, CI0Cjaunny
manifestation

LIt Symletrrric clinmc e € ctvpaerel I3y pnvic resesrcjannaimtrrs carvelfose L Ructin
toxic products: there 1= often a localized foocus of INfection
Fresres wwkbric by prestbacoggesres eor teamic garosclone i errale=r dleer Falescacl-
=lrecarey eoaralivvenerna~by car dry drsle=rvvail le=ral palrcase==

Transitory bactoercrmiaf Brict prescnicc of miicroorganisms in thoe bloodstrearm
wiremila/parasitermia

Srvagre~rinsfa~c Lacanw Crle o varrwrnc £° €30 of i enrvcl irafa=¢ Licomy dpw Bloe= € aznar=c €23l o0 Bir=i icw
Feae i
Re=lagrsew Se=rie=w o3l irafec ticswris lay 1 hies warries paal hicscge=os

Roclntocctiom Scrics ot Infoctlons by dittcront pathogons



