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What is a Lentivirus?

�Family: Retroviridae

�Subfamily: Orthoretrovirinae

�Genus: Lentivirus
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Retroviruses
Ancient  100 Ancient  100 -- 150 x 10150 x 1066 yearsyears
(Benit (Benit et al., et al., 1999, Katzourakis 1999, Katzourakis et al., et al., 2009)2009)

Endogenous (defective) RetrovirusesEndogenous (defective) Retroviruses
= 8 = 8 -- 10% of human genome10% of human genome
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Host Defenses

Immune Response:Immune Response: InnateInnate
AdaptiveAdaptive

Retroviral Restriction Factors:Retroviral Restriction Factors:

••Apolipoprotein Apolipoprotein ββ Editing Complex 3Editing Complex 3
(APO(APOββEC3)EC3)

••Tripartite MotifTripartite Motif --Containing Protein 5Containing Protein 5 αααααααα
(TRIM5(TRIM5αααααααα))

••TetherinTetherin
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Lentiviral Characteristics

Genetically, Morphologically Distinct
Infect Non-Dividing Cells

Hostile environment
Low dNTP (SAMHD1) High dUTP

Evolved Additional ORFs to GAG, 
POL, ENV

Complex Retroviruses





Additional / Ancillary Lentiviral Genes

TatTat Transactivator forTransactivator for
replicationreplication

RevRev Export of viral RNA Export of viral RNA 
from nucleusfrom nucleus

dUTPasedUTPase dUTP dUTP →→ dUMPdUMP

S2S2 Binds cellular Binds cellular 
proteinsproteins

Inflammatory Inflammatory 
cytokine cytokine ↑↑↑↑↑↑↑↑

VifVif APOAPOββEC3 EC3 
degradationdegradation

VpocVpoc SAMHD1 degradationSAMHD1 degradation

VpuVpu CD4 CD4 ↓↓↓↓↓↓↓↓
Tetherin Tetherin ↓↓↓↓↓↓↓↓

OrfAOrfA CD134 CD134 ↓↓↓↓↓↓↓↓
nefnef CD4CD4 ––

signalingsignaling
–– intracellular intracellular 

traffickingtrafficking
––cell cell 

migrationmigration
––apoptoticapoptotic

pathwayspathways



Timeline of Lentiviral Evolution

Molecular Clock EstimateMolecular Clock Estimate

Entire Genus = < 1 million yearsEntire Genus = < 1 million years
Individual Lentiviruses = 100Individual Lentiviruses = 100 ’’s to 1000s to 1000 ’’s s 

yearsyears
Human Human HIVHIV--1M1M 1908 1908 –– 19331933
GorillaGorilla SIVgovSIVgov 1818 1818 –– 19061906
ChimpanzeeChimpanzee SIVcp2SIVcp2 1266 1266 –– 16851685

Wertheim et al., Wertheim et al., 
20092009
Worobey et al., Worobey et al., 



Lentivirus Distribution
Retroviruses All VertebratesRetroviruses All Vertebrates
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Perissodactyla

EIAEIA
VV

6 6 -- 8 x 108 x 1066 yryr

88 -- 9 x 109 x 1066 yryr

3 x 103 x 1066 yryr



Revised Timeline of Lentiviral Evolution

DefectiveDefective

RELIKRELIK
12 x 1012 x 1066 yryr

EndogenouEndogenou
ss

PSIVPSIV
4.2 x 104.2 x 1066

yryr

LentiviruseLentiviruse
ss

ELVmpfELVmpf
12 x 1012 x 1066 yryr



Endogenous Lentiviruses

�Older
�Expand Host Range
�Lagomorph
�Prosimian
�Carnivore
�Extinction



Lentiviral Genome Organization



Lentiviral Phylogeny ?

+OrFa

+Vif

+dUTP

– dUTP

+NEF,Vpu/Vpx

+S2



EIAV
� Infects ALL Equidae

� Persistent Infection – NOT eliminated by host 
responses

� Simplest genome organization of any extant 
Lentivirus
�dUTP

�TAT
�REV

�S2
�Only extant Lentivirus - VIF



EIAV and Retroviral Restriction Factors

APOAPOββEC3EC3 –– Horse more genes than any Horse more genes than any 
other nonother non --primate speciesprimate species

–– Not blocked by EIAVNot blocked by EIAV
–– Packaged in virionsPackaged in virions
–– ??

TRIM5TRIM5αααααααα –– EIAV p26 resistant?EIAV p26 resistant?
–– Expression in horses?Expression in horses?

((∆∆∆∆∆∆∆∆TRIM5TRIM5αααααααα in Canidae)in Canidae)

TetherinTetherin –– EIAV Env resistant?EIAV Env resistant?

Is EIAV a primitive lentivirus?Is EIAV a primitive lentivirus?



Host Cell Types
EIAVEIAV
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EIA Clinical Signs



Pathogenesis of Acute EIA
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EIA Clinical Signs
Highly variable
Sub-clinical – Death

Individual
Equid Species
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Host Management of Lentiviral Infections

??
Natural:Natural: SIV / African NonSIV / African Non --Human Human 

PrimatesPrimates
SubclinicalSubclinical
Viral Replication Viral Replication –– HighHigh
Immune Control Immune Control –– IneffectiveIneffective
Limit Pathogenesis, CD4 DepletionLimit Pathogenesis, CD4 Depletion
NEF NEF –– CD3CD3--TCRTCR↓↓↓↓↓↓↓↓NonNon --Natural:Natural: HIV / Humans, SIV / HIV / Humans, SIV / 
Asian MacaquesAsian Macaques

AIDSAIDS
Viral Replication Viral Replication –– HighHigh
Immune Control Immune Control –– Limited, Transient Limited, Transient 

(Exception (Exception –– elite controllers?)elite controllers?)
Lack Mechanisms to Limit PathogenesisLack Mechanisms to Limit Pathogenesis



ChroniChroni
cc

EIAV / Horse

NaturalNatural Immune Suppression:  Viral Load Immune Suppression:  Viral Load ↑↑↑↑↑↑↑↑
DiseaseDisease
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Immunological Control of 
EIAV
�No simple correlate of protection
�Differences between individual horses
�Model for Elite Control of HIV in 

humans?
�Other mechanisms?



EIAV SU : A Critical Role

Attachment/Entry
Neutralizing 
Epitopes
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Based on EIAV UK3 infectious molecular clone (Cook et.al.
Virology 313: 588-603, 2003)

RNA copies/ml plasma 
EIAV ∆S2 102 – 104

EIAVUK3 >108

Immunize Horses EIAV ∆2, challenge >6 months

75-100% Protection from INFECTION 
from HOMOLOGOUS challenge

S2

SU TM

X
LTRLTR



Pony 564 EIAV PV = EIAVUK3 SU = EV0

Febrile episode IV @260dpi (6% divergence = SU = EV 6)

Inapparent 1219dpi (13% divergence SU = EV13)

EV 0

EV6

EV13



Protection Protection               Protection
Disease        Infection Disease     Infection       Disease    
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87.5%              75%              62.5%        37.5%   37.5%
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Variation in EIAV SU

�Establishment of persistent infection

�Critical role in vaccine efficacy (related 
strains)

�Limited by structure and function?



Variation in EIAV SU

Dong JDong J--B, Zhu W, Cook RF, Goto Y, Horii Y, Haga T (2012)B, Zhu W, Cook RF, Goto Y, Horii Y, Haga T (2012)



Lesson Learned
� Lentiviruses: complex >12x106 YR
� Few mammalian hosts – Extinct

� EIAV : Least complex genome
�Successful/Persistent
� Integration
�MØ host cell
�Neutralization Ab resistant
�Antigenic variation



� Disease = High Viral Loads

� Inapparent Carrier = Low Viral Loads
� Immunological Control
�Horse = Model for Elite HIV Control?

� Vaccine Efficacy : Variation in SU

Lesson Learned



Lessons to be Learned
� ? Extent of EIAV Diversity

�Molecular Diagnostics
�Vaccines

� ? EIAV Persistence Mechanisms

� ? Evasion of Host Restriction factors
� NO VIF/VPU



� Immunological Control Mechanisms
� NO Simple correlations
� Other mechanisms

� ? Differences between Horses in Disease and 
Control

� ? Differences between Equid species

Lessons to be Learned
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