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OBJECTIVES

 Understand the difference between bacteria, viruses, and fungi, and parasites
 Understand how the immune system responds to pathogens

« Review different types of vaccines

 Understand which pathogens are most concerning for corneal transplant

 Apply understanding of infectious diseases to the review of medical charts
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INFECTIONS

Bacteria, fungus, virus, parasite...what'’s the difference and should |
care”?
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Bacteria

» Large group of single-celled
organisms

» Ubiquitous

» Vital to ecosystem

* Prokaryote (bacterial DNA
floats freely within the cell)

» Structure: 5 basic shapes:

Spherical (cocci)

Rod (bacill)

Spiral (spirilla)

Comma (vibrios)
Corkscrew (spirochetes)
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Bacteria

* Humans/other animals carry y Treponems -
vast numbers of bacteria, most . (@) costdun ~/

tetani
In gut o
* Most are harmless, many .
beneficial & Logorn o
5 pneumophila

|
‘ Streptobacillus
moniliformis
Helicobacter

pylori

* Many species are pathogenic
or have the potential to be
pathogenic

Staphylococcus Clostridium
aureus botulinum

© ttsz / iStock Different bacterial shapes.
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Cytoplasm Cell wall

Plasma
membrane

Mesosome

Inclusion

Flagellum

Plasmied DNA

Ribosome Bacterial DNA
(Chromosomal DNA)
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Common Bacterial
Pathogens o B

Sub-Saharan Africa

(Worldwide)

Southeast Asia, east
Asia, and Oceania

North Africa and
Middle East

* Mycobacterium tuberculosis
» Staphylococcus
* Streptococcus

Europe, and central Asia

¢ P S e u d O m O n aS (I) SOOIOOO 100(I) 000 1506 000 2 OO(I) 000 (I) 30 OOIO 000 60 OOIOOOO 90 OOIO 000 1200(l)0 000

GBD super-region

Latin America
and Caribbean

_ Number of deaths Number of YLLs
@ S h I g e I I a Pathogens
1 Staphylococcus aureus Enterobacter spp Bl Salmonella Typhi
Escherichia coli Group B Streptococcus I Neisseria meningitidis

® < a m I O b aCte r 1 Streptococcus pneumoniae [ Enterococcus faecalis B Other
[ Klebsiella pneumoniae [ Enterococcus faecium
1 Pseudomonas aeruginosa =1 Non-typhoidal Salmonella

¢ Ty p h O I d 1 Acinetobacter baumannii Group A Streptococcus

. . By Authors of the study: GBD 2019 Antimicrobial Resistance Collaborators -
® D | pth ella https://www.thelancet.com/journals/lancet/article/P11S0140-6736(22)02185-7/fulltext, CC BY 4.0,
https://commons.wikimedia.org/w/index.php?curid=127577217
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BACTERIAL VIRULENCE
FACTORS

Kill phagocytes of host Adherence to ‘

Tight binding to
Interferes with host cells

: ) , oxidative burst
signalling function : /
of complement

component Cla Pili land

e Non fimbrial .
\ Tﬂ; W Fimbriae adhesins Eva:l:s :;1;:;&[13?
l g .
Prevent trapping e Toxin production

f bacteria _ Variation in — :
ol bactera n C5a peptidases | surface antigens Ability to bind to

LN — utcs ad it o Strycture of bacteria

and reduce strength of | | mucosal surfaces

AN

slgA proteases - Biofilm / multilayered Ilngclﬂrial
Inhibition of > Virulence formation communities p E N Zym es
MAE formation | [ ipopolysaccharide factors g —
serum nvasins

resistance C | \ non-phagocytic

. Binding cells to engulf
: bacteria

Prevent phagocytic| | Iron abstinence to M cells

wiake & reduc | — \ M clls of MALT
activation Siderophores romouon of actm used as a natural port
rearrangement in of entry into the
/ Motility & host cell body
L.lsa: managtrmesﬂ Bind to iron Chemotaxis K
mstead of iron : | :
bound proteins to Forces phagocytosis
acquire ron || peaching mucosal movement within host |
surfaces especially cells & cell to cell spread |
areas with fast flow |
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| TREATMENT

Cell Wall Construction
Bacitracin
Cell Membrane
B-lactam
Fosfomy Colistin

| Glycopetides ‘ Rifampicin ‘ Polymyxin B |

* Antibiotics — typically active
against bacteria ONLY -
 Mechanism—«kill OR inhibit
growth
* Resistance—evolutionary process
caused by drug pressure

selecting for resistant strains; oo
overuse/misuse contributing
factor R

* Misuse—antibiotics are often
prescribed for VIRAL infections
and/or fungal Iinfections
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Fungl

* Can be single-celled or
complex multi-celled
organisms

» Ubiquitous but most live In soll
or plant material

* 6 million species, more than
600 associated with humans

 Commensals (e.g. part of our
microbiome)

» Pathogens (disease-
producing, most often In

‘EYE a IMMunocompromised hosts)
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Fungl

 Sub-divided based on their life
cycle:

1. Multicellular filamentous
molds

2. Single-celled microscopic
yeasts

3. Macroscopic fillamentous
fungl (mushrooms)
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Structure of Fungal
Cell Fungal cell Bacterial cell

 Cellwall and cell membrane
provide structural rigidity and

- Pilus

. Septum
Stabl I Ity Golgi apparatus | Cell wall
. Peroxisome Capsule
« More complex than bacterial Round ER /,, . N\ calmemrane—
ce ” Nucleus ( i ‘ ) Nucleoid
Nucleolus - ). ‘. 3
Lysosome —{L. . )le 1\ '.;’ ‘\ Ribosomes . Slur—

Cytoskeleton—¢ \

Vi
Mitochondrion—{=i F / Cytoplasm =
| N ‘/ﬁ_’i" N _//// /

Plasmid

Vacuole
Bud scar

@ d reamJs_t I me.com ID 196397763 © Designua
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Fungal Pathogens

Common
« Candida albicans (non-invasive),
found on skin and in gut

. . . P P T d
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Associated with specific regions
» Blastomycosis

* Coccidiomycosis

* Cryptococcus

* Histoplasmosis

Immunocompromised

» Aspergillus

« Candida spp (Invasive)
 Mucormycosis

Many fungal infections are self-limited
In Immunocompetent host and are non-
Invasive

EYE BANK
ASSOCIATION RestoreSight.org
OF AMERICA®



Fungal Eye
Infections

» Candida species (In gut, skin,
ubiquitous)

* Fusarium (lives in soil)

* Aspergillus (common fungus In
environment)

EYE BANK
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FUNGAL VIRULENCE
FACTORS

1 \ » Structural (_CeII waII)_ |
/' Streas reaistance %% * Morphological transition
f Morphological Detoicaton —" » Adherence to surfaces
W e pament e ToXIns
Spore «» Hypha Escape from immune cells? . Enzymes
Growth in the host Damage \“
37°C Physical forces
\ Host derived nutrients Secreted enzymes
Adaptation to niches Toxins
\ Bioﬁlrh formatioﬁ \ /
Translocation
Epithelial barriers
EYE BANK
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Evasion from host
immune system:
Changes in cell wall
architecture and
composition, masking
of PAMPs

Key Virulence
Factors of
Candida
albicans
g Yeast to Hyphal
Morphogenesis:
In response to
temperature, serum, Adherence to Host
alkaline pH, nutrient Surfaces:
starvation, CO, Expression of
adhesins

Current Opinion in Microbiclogy

https://www.sciencedirect.com/science/article/pii/

369527416301230?via%3Dihub
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TREATMENT

o - Damage cell membrane or
Inhibit cell wall synthesis

Damage to fungal cell membrane Iinhibition of cell wall synthesis
Azoles: voriconazole, Allylamines: Polyenes: nystatin, Echinocandins: caspofungin, ¢ T O p | C al ] O ral ; I V
iintraconazole, fluconazole, terbinafine amphotericin B micafungin, anidulafungin
ketoconazole, posaconazole ﬂ ﬂ '
ﬂ Inhibit synthesis of  Forms aggregates with ﬂ C h al I e n g e S "
ergosterol by blocking  ergosterol, leading to
Inhibit synthesis of ergosterol  squalene epoxidase/ pores and leakage Inhibition of glucan synthesis

» Eukaryotic animal cells and

(= S ~ fungal cells share many of the
gluanehiin [ E SIian a0 same cell structures and
embaanat synthase targets—Ileads to severe side

DNA R f ‘—E;g Protein synthesis Inhibition of effe CtS
L “' == 4 "‘ Convertion to 5-fluorouracil fungi, s . )
Nucleus whicl; is ir)corporated into RNA.instead of. uracil, Pyrimidines: ] @) R e S | St an Ce | S CO m m O n
eading to defective protein synthesis c_j__a 5-flucytosine
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CANDIDA AURIS

» Species of genus Candida, grows as
yeast

* First identified in 2009
» Multiple drug resistance

» Easily misidentified as other candida
species

* Mortality with bloodstream infection
due to C. auris 30%-60%

EYE BANK
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Viruses

* Submicroscopic infectious
particle that can only replicate In
living cell

« Cannot exist outside of cell

» All contain nucleic acid (DNA or
RNA), encodes unique genetic
iInformation

* Almost all have a shell (capsid)

* Most have other proteins

* Infect all life forms (plants,

( EYE BANK anlma|S, baCtena)
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<+——Envelope protein

Genome
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I VIRAL REPLICATION

A Immunogenicity B

Receptor

Binding Infected Cell Naive Cell
=0
£4 virion
" Production
? Attachment § Fusion Cell-Cell Fusion
W RNA ==  Matrix

Y Receptor Y Host antibodies

EYE BANK Ortega, Victoria & Stone, Jacquelyn & Contreras, Erik & lorio, Ronald & Aguilar, Hector. (2018).
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VIRAL
1 PATHOGENS/DISEASES

Respiratory Viruses - Z00NO0SIS
Rhinovirus (one of the causes of - Rabies

common cold) West Nile Virus

Influenza Yellow Fever
SARS-CoV-2 (causes COVID) Other
Measles

Chickenpox and shingles
Emerging pathogens

- Human Immunodeficiency Virus
Ebola (HIV)
Mpox (formerly monkeypox) - Cytomegalovirus (CMV)

Hepatitis (A, B, C)

ASSOCIATION
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-  Human Papillomavirus (HPV)
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Ocular Viral
Infections

 Human herpes viruses (HSV
type 1 and HSV type 2)

» Cytomegalolovirus (CMV)

e Adenovirus
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| TREATMENT

- Antiviral medication available for some viral pathogens Points of attack 2

antiviral drugs prevent the spike

- Mechanism: block any step in viral replication, e Viral binding and entry | E*E *
] ] ] ] . Antibodies, soluble ACE2 and certain %
sometimes multiple medications must be used (e.qg. AL Bilse o
. . . : ; » ahole in the membrane. mature virus
HIV) and suppress but do not eliminate the virus from r I

protein from attaching or opening

Viral entry and

the hOSt release of viral

genome / T 1
- Challenges: % F———
Production of viral @ eV ibEE T
RNA polymfrase. vesicles

- Viruses rely on human cells to replicate—need to ¢ |
stop virus without damaging host cells \ Smdhdlhyﬂg

. Protein production
\/‘/\/\/\ from copying its genes.

Protease inhibitors
might stop the viral

- For acute viral ilinesses, Must be delivered In early A polymersse cobies ural || ETE 9enome L e o
. . . . enome and individual genes | Y Y Y YIANANANANNS reaching their
viral replication phase of iliness g N pddg/ e
NNAANANANN Nucleocapsid ""
- Viruses often replicate rapidly and mutate rapidly, FATEA paorane } AN
. . 5 - Envelope Production of
enabling them to become resistance to medications - e <[

EYE BANK
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(
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Parasites

Organisms that lives on or in host
organism

3 main classes:

1. Protozoa—microscopic, one-
celled (e.g. giardia, malarial
parasites)

2. Helminths—Ilarge, multicellular,
visible worms (e.g. flatworms)

3. Ectoparasite—large, multicellular
(ticks, fleas, lice, mites). Also
vectors for other pathogens

ASSOCIATION
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I MALARIA LIFECYCLE

6. When the mosquito bites an infected
person, gametocytes are taken up and
7 mature in the mosquito gut

5. Other merozoites develop
into precursors of male
and female gametes

| \ 7. The male and female
gametocytes fuse and
form an ookinete

4. The merozoites infect
red blood cells, where they
develop into ring forms,

trophozoites and schizonts IN MOSQUITO

IN HUMAN 8. Ookinetes develop into

new sporozoites that migrate

_ _ to the insect's salivary glands
3. In the liver sporozoite

reproduces asexually
(schizogony), producing
thousands of merozoites

D rfected v cols W

2. A sporozoite travels
through the blood
vessels to liver cells

1. Mosquito transmits
a motile sporozoite

EYE BANK
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Table 1. Worldwide Prevalence of Parasitic infections

Protozoa (F)/ Disease or Estimated Estimated  Relative

Helminth (H): Common Worldwide Martality LS.

Sclentific Name Mame Prevalence Rank Prevalence

P Giarlia b Giardiass (“beaver fever™) 2-3 ballion Low 1-2 mallion per year

P Tawoplasma gondii Tenoplasmesis 1-2.5 bilion Vigry low High rates of serocormersion but
low rates of actve nfecthon®

H: Ascars bmbricoides  Ascariasis (roundworm) 1 bilion Veary low Lincomman

H: Necafor amencanus  Hookoworm disaase S00-900 milion Very low Somewhat, especially in the Southesast

P Tnchomonas vaginas  Tichomoniasis 15% of women Very low Maore dependent on Sexual behavior

waorlchwace” than geographic locaton

P Enlamoata hsfoldicas Amebiases 200-400 mikon Ma. 2 Low @xcapt in homosixual males,
rescent travelsrs, and immigrants

P Plasmodiam spef Malana 200-200 milion Mo. 1 Recent travelers and immigrants cnly?

P Schisiosoma mansond  Schistosomiasis 2000-300 milion Mo, 3* Lincomman

W Wochereria bancrofl Filariasis foundworm) 200 millien Yoywe  Ucomem 00

H: Toenia solium® Cysticercosis =50 million Low My occur in thase with poor ygiena
andior in contact with pigs

H: Onchocerca vobiiles Onchocenciasis 37 million Low, but Low in the LS., but higher in Cenfral

(“river biindness") high morbidity and Souh America jhighast in Afirica)
P, Trypanosoma spp’ Chagas deease (“Alncan  15-20 millon Mo. 3 Normally endemic in Central and South
sieeping sickness”) America, but increasing in the ULS.

P, Lewshmanes spp (many)  Lesshmaniasis 12 milion Mo. 3 Lincommon, except in ravelers,

imemigrants, and overse:as miltany

H: Entevobius wermictdaris  Enterobiasis (pimmarm)  Common, no estimates  Viery low Comman

* Raves of postiree i UL, resideress have been repovied to be a5 bigh o 25% w0 33% (ana @ fow as 10%).
*T&pquﬁmﬂn@ﬁuumﬁ:hﬁMwﬁwﬂm oohibrt move srapiony. Men ane offers anewpismaiic o mnklly srapeonuaric
carriers and travemstiers of o

* Treammiens qnd preeriaost yary wadely depevding wpant iieceed dred eegravetl rentaner pesterns of Plismodivn

“ Mataria uxts onor endermic in e U5 To v wbows hove ir wos elerinased, pisis s ook pos'maleria‘aboushimory'elminarior_us vl

* T eliasia soee wnvclesrr regarding wedich tnfectaow i the thind most movtal werlduide; i conld be sodvissormians, leichwnamiasis (particderty the visorral
anad racovTianeeur presentaiaeas), o irplaTosaTTEAL,

F Filariaris cam by ctsard by seveead roumelivores species thar fnbvabiv fopharie and svbessaneon tinse, and sadrey maniferr ai fompharic fflaria or
aicheverigidr ¢ v Bl

£ Taenia wodium b FALATIrLT um:’mﬁnﬂu:‘m&.ﬁs}nﬁ:ﬂqﬂﬂ& ed waﬁrmhﬂa’qﬁﬂpn&.ﬂmmm
Mﬂﬁ;ﬁhﬂxhﬂm fecal maiter combarming spevrs. T eocvers maa the onnfocal route frovn someone comeridy mfocted by spore-
g g - R

JI"Ir'rl.'|'||.|:|1-|1|-;|':||1'|a CTiER! Flu!w.-ﬂawwﬂm#ﬂdu Wﬁm-'!qrwumu Firiice: T-'!_ﬁ\'.-:dw :.Eﬁjw.u;m'ﬁm'

e pecies. Sowrve: References 1, 3, 6, 12 19,

EYE BANK
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EXAMPLES OF PARASITES OF

CON
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A | Malaria (Plasmodium spp.) \

y « P. falciparum causes most mortality
< & - Population at risk ~3.4 billion
Neing, « ~83 million DALYs in 2010
« ~627,000 deaths in 2012 B}
» « Gold standard drugs: Artemisnin P I\/I aI a r I a
o s o UL s e combination therapies /

Ao v B « Toxoplasmosis

(Trypanosoma spp.)

oo — « Acanthamoeba

T. brucei rhodesiense
..... « T. b. gambiense causes most cases

S v B * Leishmania

« ~9,000 deaths in 2010

* DUk MK i * Chagas (T. cruzi)

(i.v.)/nifurtimox (oral)

TR TR Many have latent phase of
| Popomona e oshmion disease, particular concern

« ~3.3 million DALYs in 2004
« ~52,000 deaths in 2010

e s with Immunosuppression

Toxoplasmosis (Toxoplasma spp.)\

+ Population at risk - ~2 billion
« ~1.2 million DALYs (congenital)
» Drugs: pyrimethamine combined with

a sulfonamide, clindamycin, : : : . . : .
cotrimoxazole, azithromycin, or https://www.researchgate.net/figure/Distribution-and-disease-impact-of-major-numan-

Bvadquar / diseases-caused-by-parasitic-protozoa_fig2_ 261029794

RestoreSight.org



I TREATMENT

Table 2. Antimalarial Drugs

Drug Prevention Dosage  Treatment Dosage Notes on Treatment Noles on Prophylaxis® B} .
UL, IR, e, e * Antiparasitics
24, and 43 h when Plasmocium falciparum  prior 1o amival in malarious area

e  Antibiotics

e e Anti-helminthic medication

Quinine 325 mg ~650 mg orally qéh for  The basis of theragly in most Requires daly doses and long-term
orally daily 7 days; consider use with  chionoquine-resistant areas. use for prevention, which increases
deoryeyddine to shorten Given N (usually as quiniding)  Soxicity, Ofher preventive drugs are
duration to 3 days for severe malana usually prefered .
e e e e e Challenges_
arally woekly singhe dose treated with a karge single a lpading dose starting 4 days

dose. Effective against some  before traveling
chionoquing-resistant strains
Primaquine 30 mg orally (basel 30 mg daily orally First, a standard antimalarial = Rarely used for prmary prevenbion

- T 1 T T  Life cycle of organism can be
and continue for 7 primaquing is used i infection Ha;mm_rummmqmy
e E R e complex
Sd.la;i:me— Mot recommendead Usually a single Relatively slower acting I'hh'lqerra::lww:lh ] ] .
e e e Resistance to medications
preventive: theragy 1,500 my sulfadowine for severe makana Africa due to high rates of partial,

o e T imieem (e.g. malaria treatment)

Daxycycine 100 mg orally daily 100 mg orally baice daily; Mot considerad sufficient as Highty cost-effective for
whan usad in combination monoSherapy. Clindamycin prophyleds. Although used daily,
with quinine the duration  may substiite for doyoydiine  should be confinued for 4 wi
of quinine dosing may be  in combination with after leaving area
shorted from 7 fo 3 days  quinine

Atovaquong- 1 tablet (250 my/ 4 tablets (iotal 1,000 m'  Appropriate for chiorguing- Primary use i for prophylads. It &

proguanil 100 mg) orally 400 my daily) for 3 days  resistant £ faiciparum, but uniquely sufficient 1o continue this

once daily ranedy used Tor treatment agent for only 7 days after retuming

Artemether- Mot routinely used Aremether-lumefandrine  Rarely are the artemisinin Mot recommendad
lumefantine  for malaria prevention  is available in a fioed- derivatives or amodiaquine

LS or tose combination: used alone. In combination,

anesunate- B0 mg/360 mg, 6 oral they are highly effective

amodiaguing doses over 3 days agarsl mulbidrug-resistant

fioutside LL.S.) P falcyparum

“ Fro i I or 2 e aansed Jr of roeeks . A e clru b szarted
e e e e e B i

.."I 2 F-ruy st of primaquine phesphate i equnl o a 15 gprr.-.l.uup'r.lrrrlunr
(el phwoose-t-phopdunee asfnelroprss. Sowrce: References 712

EYE BANK
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o Bacteria
B Culture (fluid or tissue)
Tissue histology

VIrus

PCR
Histopathology (e.g. CMV)

Fungus

Culture
Histopathology

Parasite

Serology

EYEBANK O . . = _
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MECHANISM OF
INFECTION AND DISEASE
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HOST BARRIERS TO
A INFECTION

Natural Barriers
Skin (If disrupted, microorganisms can enter) + cornea
Mucous membranes (tears, trapping action of mucus)
Respiratory tract
Upper airway filters (mucociliary epithelium)
Gastrointestinal tract
- Acid pH of stomach

- Antibacterial activity of pancreatic enzymes, bile, intestinal
secretions

Bacteria on surface of skin, in Gl tract

EYE BANK
ASSOCIATION RestoreSight.org
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| NN didte, BRASVIUPdYife'yrior exposure to

pathogen

- Macrophages phagocytize pathogen

- Release of cytokines by macrophages (chemical
signals)
- Attract neutrophils

Initiate inflammation (cause swelling, fever, pain
etc)

Initiate complement system which enhances Kkilling
of pathogens

- Activate the adaptive Immune system

( ASSOCIATION RestoreSight.org
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I ADAPTIVE IMMUNITY

Highly specific to particular pathogen that has previously been
encountered

Macrophage ingests pathogen and presents antigen
Antigen = molecular structure that is on surface of pathogen (can be
protein, peptide, lipid, nucleic acid)

Stimulates:

Humoral immunity (B-cells, antibodies specific to antigen + memory
B-cells)

Cell-mediated immunity (T-cells)
Creates immunological memory after an initial response to a pathogen
Memory B- and T-cells

EYE BANK
ASSOCIATION RestoreSight.org
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Antibody Antigen specific

\ to this antibody

%&\

/ Patho gen Precipitation Agglutination Neutralisation Inflammation Complement
Antigen-antibody )&- *{ Ko ol éé .

/ complex o 8 it
Makes soluble Links cell-bound Masks dangerous Triggers histamine Complement protein
antigens insoluble, antigens together, parts of pathogen release, increasing perforates the cell
aiding elimination causing clumping (e.g. exotoxins, etc.) immune mobility membrane (cell lysis)
) k l | -

‘ Enhances

\ 1

Y
%y
/f

EYE BANK
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Cytotoxic T cell destroys infected body cell

_ Pathogen
g, i. E. avirus "Killer Cell"

4 "Antigen”

X

= O Pathogen is
# ; broken down into T
| components in the ",
e \ phago IIsosome - |ymphocyte phagocytize S =
adopts the pathogen ' Receptor- __ and digest e o
(Phagocytosis) & ) FProteng R O e
it 0 ' [ & - \~ = a~ § oy
o .‘ @) Activation
)/_ % —( -¢  Antigen-
; antibody
Macrophage presents complexes

components
of the pathogen
to a T-lymphocyte ‘ / _ first specific antibodies
| agalnst the antigen
|
. Proliferation
Processes in the e

primary immune response

Memory cells can later induce the
secondary immune response upon
renewed contact with the same pathogen

EYE BANK
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Acquired Immunity

Immunity that develops during
your lifetime

Active Immunity Passive Immunity

Develops after you receive
antibodies from someone or
somewhere else

Develops in response to an
infection or vaccination

Natural Artificial Natural Artificial

Antibodies Antibodies received
received from from a medicine, e.q.,
mother, e.g., from a gamma

through breast globulin injection
milk or infusion

®Q . ®

EYE BANK
(oArSEr?EchADONttpS /Iclinicalinfo.hiv.gov/en/glossary/acquired-immunity 4

Antibodies Antibodies
developed in developed in
response to response to
an infection a vaccination
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VACCINES
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| VACCINES

a Diphtheria b Capsular group C meningococcus D f - . t - =
Introduction of 1.600- e I n I IO n n

80,000+ | vaccination (1940} e Introduction of ‘

o 70,000 14001 o ccination (1999 - -
E 50,000 ¢ o 1.200-?({'”& fon (29
2 50,000 G 10004
= 40,0004 @ RO
— .
2 30000 5 sl :
20,000~ Z 400 t f I I n n
10,000 - 200
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1914 1924 1934 1944 1954 1964 1974 1984 1994 2003 “’ 4 x N Ak b i
Yoot S *;:':*5“ S e
FIFFEETTEIIITs Immune response to conter
Year
c Polio d Haemophilus influenzae type B - - u .
1000 otoduction o protection against intection
900 4  vaccination (1992)
£ AO0 - l
=]
roduction o E o) and/or exposure to
n = 1
un L vaccination (1956) y boa
& 5000- l S 5004
5 4,000 S 400+
‘£ 3,000- | 300 pat Ogen
o . -
Z 2,000 200 -
1,000 - 1040
ﬂ L] T T T 1 T 'I}
1912 1922 1932 1942 1952 1962 1972 1982 1992 2006 qn%q qn"-qu”? us“ﬂ,q‘?a,q D’q D?".;-,,ﬁ -:Pﬁra .ﬁaﬁpﬁa ::F"ﬁi:."
Year ‘r'ear
e Measles f Pertussis u
SSeltial component.
500,000 Introduction of 200,000
@ 700,000 - vaccination (1968) 150,000 -
] W
= 600,000 5 :Eg“g% : | Introduction of n e O r I I l O re p rOte I n O r
u = 140,000 R
= 500,000 - : u:ﬁ uu.uuu—l' vaccination (1950s)

£ 400,000

o polysaccharide antigens
that induce immune
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VACCINE TECHNOLOGY

Type of vaccine

Live attenuated
(weakened or

Licensed vaccines
using this technology

Measles, mumps, rubella,
yellow fever, influenza, oral
polio, typhoid, Japanese

First introduced

1798 {smallpox)

Classification

Live (attenuated)

inactivated) encephalitis, rotavirus, BCG, i . . - .

e L Contains a weakened replicating strain of an organism

Wh_olg-cell pertussis,
Eigggi:,n'\wle Ea:pl)%égg Eﬁ?}nglms. 1896 (typhoid) I N actlv ated

Contains only components of a pathogen or killed whole

Toxoid Diphtheria, tetanus 1923 (diphtheria) O rg an IS m S
Subun:)ti(pu:iﬁedtpirotein. (i f r\(;;)‘::i:::'li;.]rf:\l;enri‘rzi;‘ococcal. SUbunIt . ]
polysaccharide. peptide)  } Aip prspeacaliyplionl = RS Made from a piece of a pathogen, not the whole organism

Viral vector
Uses harmless virus to deliver to the host cells the genetic
code of the antigen

Human papillomavirus 1986 (hepatitis B)

Virus-like
particle

Outer Pathogen— z . SOn7
i —— Gram-negative )
membrane antigen HNNeg Group B meningococcal (group B
vesicle bacterial outer :
membrane meningococcal)

Polysaccharide . TOXO Id . . . -
Protein-polysaccharide ooy 1987 (. influenzae Uses inactivated toxins to target toxic activity created by
LOTpgaLa Cartier protein meningococcal, typhoid type b) b a Ct e I’I a

Viral

Viral vector’—.-f '..'tl--:.Pathogen gene
- N MRNA
S Uses mRNA (genetic material) that “teaches” our cells to
Nuclsc aci o : -f:,g e 2020 (SARS-CoV-2) make a harmless piece of the pathogen and triggers and
> il immune response
Pathogen— o
Eea((::tt::;zll i(j;f .i)'/f{;acterial Experimental

Adjuvant: can be added to inactivated vaccines to improved
Immunogenicity of the vaccine

Experimental

Antigep- = Pathogen
presenting S antigen
cell k T—MHC
EYE BANK “
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Muscle OG—Vaccine antigen

@
voaA o &——Adjuvant (containing
danger signals)

Dendritic

Memory B cell
cell

proliferation

MHC class Il Soluble Maturation of the
: antibody response
: vaccine
Peptide of FHden
vaccine antigen 2
CD4" T cell | /

Activation and
trafficking to T cell help
draining lymph

node
TCR \ B cell

MHC T cell
class Il help

Proliferation

Plasma cell differentiation
and antibody production

CD8*
effector
T cell

Bone marrow

MHC
class |

CD8*
memory
T cell

CD8* T cell

Long-lived
plasma cell

EYE BANK
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Secondary immune

a Primary immune
response
[

response

[

Protective

antibody
level

Antibody titre

Longevity of Protection : ]

antigen Exposure to || Long incubation period

exposure pathogen || (for example, hepatitis B
virus): antibody levels

above protective
threshold

* Antibody levels wane over time

Secondary immune

response
[

b Primary immune

response
[ |

* Interplay between time of re-exposure,
Incubation of pathogen, rapidity of
memory cell response : i

antigen Exposure to
exposure pathogen

Protective

---------------------------------- antibody
level

Antibody titre

Short incubation period
(for example, Haemophilus

* Prevention of Infection vs disease
tenzenye b nsUiclen

antibody levels

C Primary immune

response
L
g
o)
2 Protective
- antibody
level
T Lifelong protective antibody
Vaccine levels after vaccination
antigen (for example, yellow fever)
exposure
EYE BANK
Pollard, A.J., Bijker, E.M. A guide to vaccinology: from basic principles to new developments. Nat Rev Immunol 21, 83-100 (2021). https://doi.org/lO.1038/341577-020-@&&'[—@F€Sigh'[.OI’g
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| | IVE VACCINES

Examples:
| | Wha.tare'Live,Attem.JatedVaccines? | Vaccin.eTarget | e MMR (meaSIGS, mumps, rube”a)
Giianally O s 1 pecsad throlch ﬁgf,f;fnhearlfisff Sholi o pkUpganetel |  TrumineSjoimmoiect Thep aston  Yellow Fever vaccine
mutations which weaken it - so much it won’t cause disease in your body. te:gsvgeglzczgrggitdr:s elarrslgiune response, but o OI’ al p Oll O
o weae | eowns e | Risk of live vaccines:
Vir::stpicks up AT
\j R _‘ * Benign In most patients
2 > ' ne  (THE * In immunocompromised
EC " AL Individuals, risk of reversion to
e R Yoo virulence
Harmful Weakening mutation ———
B  Contraindicated In certain
it ' populations, including solid organ
transplant (receiving systemic
Immunosuppression)

EYE BANK
(ASSOCIATION https://www.pfizer.com/news/articles/understanding_six_types_of vaccine technologies RestoreSight.org
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CORNEAL TRANSPLANT =
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(

CORNEA

Anterior chamber Cornea
(aqueous humour)

Posterior chamber
Suspensory
ligament l”

of lens
\
Sclera

Uvea

G

Pupil

Iris

Ciliary
body
Choroid

’

Retinal ,
blood Retina
vessels Macila
Fovea /
Optic disc

EYE BANK
ASSOCIATION
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Mechanisms of Immune privilege:
Lack of vascular supply in lens and
central cornea prevents innate and
adaptive Immune system from interfering

Vascular barrier in the eye helps keep
clear from inflammation

90% aqueous humor does not drain to
lymph nodes

Scarcity of antigen presenting cells (less
iInflammation)

RestoreSight.org



INFECTION RISK CORNEAL
4 TRANSPLANT

- Risk of graft rejection

- 2 year survival > 90%, but 25-70% In recipients with high-risk
factors for rejection

- Causes of rejection/graft fallure:
- Immune rejection (immunologic response to graft)

- |nfection

EYE BANK
(ASSOCIATION https://www.ncbi.nim.nih.gov/books/NBK519043/ RestoreSight.org
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POST-TRANSPLANT
1 INFECTION RISK

~
» Highest risk due to iImmunosuppression of recipients and vascularization of organs
4
\
* Lower risk may reflect host’'s normal inflammatory and immune function as well as graft
disinfection with tissue allografts
y
<
* Lowest risk due to fact that cornea is avascular and recipients not usually
Immunosuppressed
/

EYE BANK
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CORNEAL TRANSPLANT
1 INFECTIONS

- Important source of post-transplant infection i1s donor tissue
- Potential consequences transmitted infection:

- Endophthalmitis

- Graft rejection

- Loss of vision

- Systemic illness

EYE BANK
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EBAA GUIDELINES ON
COMMUNICABLE DISEASES

The following communicable diseases and disease agents are relevant for
ocular tissue (8 1271.3(r)(1)(1)):

I. Human immunodeficiency virus (HIV), types 1 and 2,;
Il. Hepatitis B virus (HBV);
lll. Hepatitis C virus (HCV);

Iv. Human transmissible spongiform encephalopathy (TSE);
iIncluding Creutzfeldt-Jakob disease (CJD); and

v. Treponema pallidum (syphilis)

EYE BANK
( AssocIATIOiEBAA Medical Standards November 2017 RestoreSight.org
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EBAA GUIDELINES ON
COMMUNICABLE DISEASES

Il. A communicable disease agent or disease meeting the criteria described in § 1271.3(r)(2), but not
specifically listed in § 1271.3(r)(1), Is relevant If it is one:

e For which there may be a risk of transmission by ocular tissue

« That could be fatal or life-threatening

« For which appropriate screening measures have been developed

« Examples of RCDADs not specifically listed in 8 1271.3(r)(1) as relevant include, but are not limited to:
e  West Nile Virus
e Sepsis
« Vaccinia

o Zika Virus

EYE BANK
( gFSESEcR'l&“ON *EBAA Medical Standards November 2017 RestoreSight.org



CHART REVIEW

_ e Fevers
Systemic . H d :
Symptoms Hemodynamic

Instability

Physiclan Name:
! p PATIENT CHART

* Growth In a

e Positive normally sterile
| cultures Site (eg blOOd,
G  urine, CSF)
| —] fungus) e Colonization vs
== Infection
Viral data * PCR
Parasite » Serology
data » Tissue pathology
EYE BANK "
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CHART REVIEW

* Travel history

» Other important
medical history

Physiclan Name:
4 p PATIENT CHART
j TIENT NAME: E:

- e * Antibiotic/antifungal
— P H()Spi tal treatment
* Sepsis
i / CORISE * Repeat blood
= cultures?

DDDDDDDD

Cause » What role (if any)
of death did infection play?

RestoreSight.org

EYE BANK
ASSOCIATION

OF AMERICA® ittt it ittt iieteeseesceossnssnsaasaonconsesssnsseoiiiuu




(

CHART REVIEW
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Organism of
concern per
=1 SYAVAN

Colonization or

treated/cleared
Infection

Evidence of
disseminated
or difficult to
treat infection

Example: West
Nile Virus,
Hepatitis B virus

Example: repeat
blood cultures
negative

Example:
sepsis, repeat
cultures positive,
untreated

Infection

Reject

Possibly accept

Reject
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CONCLUSIONS

- Infection rates low In corneal transplant but still a
rsk

- Understanding range of pathogens, virulence,
Immune system responses, and treatment can
help guide chart review when looking for suitable

donors
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QUESTIONS

Thank you

« EBAA

» Stacey Gardner

» Genevieve Magnuson

* The Eye-Bank for Sight Restoration
» Patricia Dahl

* Michelle Rhee, MD
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