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HIV Virology, Transmission, and
Pathogenesis




HIV/AIDS Pandemic
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MAPPING PROGRESS towards Universal Access

Estimated number of adults and children living with HIV in 2007
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HIV/AIDS
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Unprotected Yertical Injection drug use
sexual intercourse transmission (rare: infectad

with an infected partner (from mother balooaitalood products)
ko child)

= in utero
= during delivery

= breastmilk

4

HIV INFECTION
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transmission on a log scale)

0.9500 7
0.5000 7

01000

0.0700 7

0.0070

0.0002 7

0.0007

k)

- .
Perinatal
zidovudine

J

A 7
& = oy P&
*3'43',:', e 9 Tt L e

Route of Exposure to HIV



RS strain @ @
Mucosal X4 strain [l
exposure
to HIW-1
quasispecias

Mucosa

%)
=
<<
=
L

Dendritic cell
Selactive
infection by
B5S strains CDa+

Ivimphooyte

Fusion of
dendritic cells
and CDa+
Iy mphocoytes

Transport of
wirus to regional
hwmph nodes

Spread of
infection to
activated CD4+
Iy mphocytes

Entry of
wirus-infected
cells into
bloodstreamm

Widespraead
dissemination

Erain Splean Gut-associated Lyvimiph
yrmiphoid tissus nodeas

WRAIR Tropical Medicine Course 15 Sep 2010



%)
=
<<
=
L

RMA copies/mL plasma
(interquartile ranges)

A

One year

Figure 2.  HIV RNA lavels 1 year after untreated infection are ralatively

stable and predict subsequent disease progression. Data are from the
Multicenter AlDS Cohart Study [21]
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Fostintegration latency:
: / No viral proteins expressed
__,f-f‘ Mot seen by the immune system

Figure 3. Establishment of the latent reservoir. This reservoir 1s es-
tablished within days of initial infection. It consists of integrated proviral
DNA that 1s transcriptionally inactive but replication competant. Because
the reservoir is long lasting and not affected by antiretroviral therapy or
antl-HIV immuonity, the latent reservoir makes prospects for eradication

of HIV infection very unlikely.
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Acute HIV Infection




Symptoms of Acute HIV Infection
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Main symploms of
Acute HIV infection

Esophagus:
- Sores

Muscles:
- Myalgia

Livar amd
spieen
» ENargemaont
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Frequency of Symptoms and Findings in

% Acute HIV-1 Infection
T
Fever >80-90%
Fatigue >70-90
Rash >40-80
Headache 32-70

Lymphadenopathy 40-70*
Pharyngitis 50-70*
Myalgia/arthralgia 50-70

Kahn and Walker. NEJM 1998. 339(2):33-9.

*highest in younger patients, Vanhems. JAIDS 2002;31:318-321.
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HIV/AIDS
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HI //AIDS

Natural history of untreated HIV infection
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Acute HIV-1 Infection

Onset cytokines
apoptosis, Day 7 Free Antibody, Day 13

%)
=
<<
=
L

Acute Phase Reactants { |mmune Complexes
Days -5 to-7 Day 9 Autologous
Neutralizing Antibody

108
107
106
10° 1
104 < .
eservoir

7 eclipse / /T QBT GO e |

101 - Responses
0 -
10-1_
102
103
104
(A0 L L B L L L L B B L B IR LI RIS BRI
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70

ot

I CTL Escape Autologous

Neutralizing
Antibody
Escape

or
Plasma (Copies/ml)

1 Transit

Virus Concentration in Extracellular Fluid

Transmission Time Post Exposure (days)




%)
=
<<
=
L

HIV Diagnostics
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Reference Laboratory HIV Diagnostics

BioRad HIV-1/2 +O - Non-reactive‘

l Reactive

BioRad HIV-1/2 +O - Non-reacti\ﬁe

l At least one EIA2
reactive

NAAT required Indeterminate
Request 2nd specimens )
(serum and frozen plasma) Non-reactive
Reactive
(CDC APHL)

Positive, request 2nd specimen
(serum only)

Negative

Negative
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Rapid Point of Care Tests for
HIV infection

OraQuick Advance Rapid HIV-1/2 Antibody Test
US FDA approved, CLIA waved

20 min test

No cold chain

Approved for clinical use (pre-donation screening)
Sensitivity/specificity = 99.6%/100% (fs WB)

Use for exposures

YV V V Vv VY VY V

Use for pre-screening of emergent blood donors



OraQuick HIV-1

Control line
HIV line
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Post-exposure prophylaxis




Websites to Access the Guidelines

= http://www.aidsetc.org
= http://aidsinfo.nih.gov

NNNNNNNN
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December 2007 AETC National Resource Center, www.aidsetc.org [JCELREN




Percutaneous injury
(needlestick, cut)

OR

Contact of mucous
membrane or nonintact
skin

December 2007

Occupational Risk Exposures In
Health Care Personnel

WITH:

Blood

Tissue

Other body fluids that are
potentially infectious
(cerebrospinal, synovial,
pleural, pericardial,
peritoneal, or amniotic
fluids; semen or vaginal
secretions)
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AETC National Resource Center, www.aidsetc.org SR RER




Feces

Nasal Secretions

SN
Sputum

December 2007

NOT Considered Infectious for HIV,
unless Visibly Bloody

= Sweat
= Tears

= Urine

= Vomitus

AETC National Resource Center, www.aidsetc.org
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Risk of HIV Infection following

Occupational Exposure to HIV-Infected
Blood

= Approximately 0.3% following
percutaneous exposure

= Approximately 0.09% following
mucous membrane exposure

NNNNNNNN

DecembBer 2007 b A Te Nk et b L

AETC National Resource Center, www.aidsetc.org SR RER




Factors Associated with Increased Risk

= Visible contamination of device (such as needle)
with patient’s blood

= Needle having been placed directly into vein or
artery

= Hollow-bore (vs solid) needle
= Deep injury
= Source patient with terminal illness

= High viral load
(not established in occupational exposure)
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December 2007 AETC National Resource Center, www.aidsetc.org [JCELREN




Toxicity of PEP Regimens

= PEP should be given for a full 4 weeks

= Side effects of ARV drugs are common,
and a major reason for not completing
PEP regimens

= Therefore, to the extent possible,
regimens that are tolerable for
short-term use should be selected
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December 2007 AETC National Resource Center, www.aidsetc.org [JCELREN




Initiating PEP

PEP should be started as soon as
possible, preferably within hours, rather
than days, following exposure

When uncertain as to which drugs to
choose, start the basic regimen rather
than delay

PEP should be administered for 4 weeks,
If tolerated

NNNNNNNN
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December 2007 AETC National Resource Center, www.aidsetc.org [CELREN




Initiating PEP )

= Reevaluate exposed HCP within 72 hours of
exposure, especially as additional information
about the exposure or source patient
becomes available

= |[f the source is found to be, PEP should be
discontinued

= Rapid HIV testing of the source patient can
facilitate decisions regarding PEP when the
source patient’s HIV status is unknown

NNNNNNNN
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December 2007 AETC National Resource Center, www.aidsetc.org [JCELREN




Selecting the PEP Regimen

= Selection of number (2 or 23) of drugs is based
on assessment of risk for HIV infection

= Selection of which agents to use is based
largely on potential toxicity of PEP drugs and
on likelinood of efficacy (especially in the case
of resistant virus)

Few data on efficacy of individual ARV agents in PEP

NNNNNNNN
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December 2007 AETC National Resource Center, www.aidsetc.org [CELREN




How Many Drugs to Use?

= 2-drug PEP regimens improve tolerability
and therefore chances of completing full
4 weeks

= 23-drug PEP regimens provide
potentially greater antiviral activity

= Guidelines recommend more drugs for
higher-risk exposures

NNNNNNNN
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December 2007 AETC National Resource Center, www.aidsetc.org [CELREN




PEP for Percutaneous Injuries

Exposure Infection Status of Source
Type
HIV+, class 1 HIV+, class 2
Less severe |Recommend Recommend
basic 2-drug PEP |expanded =23-drug
PEP
More severe |Recommend Recommend
expanded 3-drug |expanded =3-drug
PEP PEP

NNNNNNNN
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December 2007 AETC National Resource Center, www.aidsetc.org [JCELREN




PEP for Percutaneous Injuries )

Exposure Infection Status of Source
Type

Unknown HIV status* Unknown source
Less Generally, no PEP Generally, no PEP
severe warranted; consider basic | warranted; consider

2-drug PEP if source has basic 2-drug PEP if

HIV risk factors exposure to HIV-

infected persons is likely

More As above As above
severe

*If PEP is given and source is later determined to be HIV negative,

PEP should be discontinued.

December 2007

AETC National Resource Center, www.aidsetc.org
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PEP for Percutaneous Injuries (3)

Exposure Infection Status of
Type Source
HIV negative
Less severe No PEP
More severe No PEP

NNNNNNNN
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December 2007 AETC National Resource Center, www.aidsetc.org [JCELREN




PEP for Mucous Membrane and
Nonintact Skin Exposures

Exposure Infection Status of

Type Source
HIV+, class 1 HIV+, class 2

Less severe |Consider basic 2- |Recommend basic
drug PEP 2-drug PEP

More severe |Recommend Recommend
basic 2-drug PEP |expanded =3-drug

PEP

NNNNNNNN
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December 2007 AETC National Resource Center, www.aidsetc.org [CELREN




Exposure

PEP for Mucous Membrane and
Nonintact Skin Exposures 2

Infection Status of Source

Type

Unknown HIV status*

Unknown source

Less severe

Generally, no PEP
warranted

Generally, no PEP
warranted

More severe

Generally, no PEP
warranted; consider
basic 2-drug PEP if
source has HIV risk
factors

Generally, no PEP
warranted; consider
basic 2-drug PEP if
exposure to HIV-
infected persons is
likely

*If source is determined to be HIV negative after PEP is initiated,

discontinue PEP.

December 2007 AETC National Resource Center, www.aidsetc.org




PEP for Mucous Membrane and
Nonintact Skin Exposures (3)

Exposure Infection Status of
Type Source
HIV negative
Less severe No PEP
More severe No PEP

NNNNNNNN
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December 2007 AETC National Resource Center, www.aidsetc.org [CELREN




Which Drugs to Use?

= Consultation with an expert is
recommended

= Regimens should be chosen to minimize
potential drug toxicities and maximize the
likelihood of adherence

= Consideration should be given to the
history of the source person, including
history of and response to ART and
disease stage

NNNNNNNN
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December 2007 AETC National Resource Center, www.aidsetc.org [JCELREN




Which Drugs to Use? (2)

= |f the source patient’s virus Is known or
suspected to be resistant to ARVs, the
PEP regimen should consist of drugs to
which the source’s virus is unlikely to be
resistant

= |f information on possible resistance is not
immediately available, PEP (if indicated)
should not be delayed; changes can be
made later

NNNNNNNN
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December 2007 AETC National Resource Center, www.aidsetc.org [JCELREN




Which Drugs to Use? (3)

Basic 2-drug regimens:
= Preferred:

ZDV + 3TCor FTC
TDF + 3TC or FTC

= Alternative:
d4T + 3TC or FTC
ddl + 3TC or FTC

NNNNNNNN
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December 2007 AETC National Resource Center, www.aidsetc.org [CELREN




Which Drugs to Use? (1)

Expanded =23-drug PEP regimens:
= Preferred:
LPV/RTV (Kaletra) + basic 2-drug regimen

= Alternative:
ATV* £ RTV
FPV + RTV _
IDV** + RTV + basic 2-drug
sQV + RTV regimen
NFV***

EF\V/***

*If ATV is coadmnistered with TDF, RTV must be included in the PEP regimen.

** Avoid in late pregnancy. ~
*** Avoid in pregnancy.

NNNNNNNN
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December 2007 AETC National Resource Center, www.aidsetc.org KL REN




Which Drugs to Use? (5

ARV agents generally NOT recommended
for PEP:
NVP
DLV
ABC
ddC
ddl + d4T

ARYV agents to be used for PEP only with
expert consultation:

ENF

NNNNNNNN
RRRRRRRR

December 2007 AETC National Resource Center, www.aidsetc.org [JCELREN
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Treatment




Recommendations for Initiating ART

Clinical Category or CD4 Count Recommendation

=History of AIDS-defining illness
=*CD4 count <350 cells/pL

=CD4 count 350-500 cells/pL Initiate ART
*Pregnant women

*H|V-associated nephropathy
(HIVAN)

=Hepatitis B (HBV) coinfection,
when HBV treatment is indicated*®

* Treatment with fully suppressive drugs active against both HIV and HBV is E:{3 (e

recommended. |
47 December 2009 www.aidsetc.org EEERREL




Recommendations for Initiating ART )

Clinical Category or CD4 Recommendation
Count

CD4 count >500 cells/uL, [50% of the Panel favors
asymptomatic, without starting ART; 50%
conditions listed above views ART as optional

NNNNNNNN
RRRRRRRR

48 December 2009 www.aidsetc.org LR




——
Recommendations for Initiating ART )

= “Patients initiating ART should be willing and
able to commit to lifelong treatment and should
understand the benefits and risks of therapy and
the importance of adherence.”

= Patients may choose to postpone ART

= Providers may elect to defer ART, based on
patients’ clinical and/or psychosocial factors

NNNNNNNN
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49 December 2009 www.aidsetc.org BELRER




——
Consider More Rapid Initiation of ART

= Pregnancy

= AIDS-defining condition

= Acute opportunistic infection

= Lower CD4 count (eg, <200 cells/uL)
= Rapid decline in CD4

50

igher viral load
VAN
BV coinfection when HBV treatment is indicated

NNNNNNNN
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December 2009 www.aidsetc.org BELRER




Consider Deferral of ART

= Clinical or personal factors may support deferral
of ART

If CD4 is low, deferral should be considered only in
unusual situations, and with close follow-up

= When there are significant barriers to adherence
= |f comorbidities complicate or prohibit ART
= “Elite controllers™ and long-term nonprogressors

NNNNNNNN
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Current ARV Medications

NRTI o Integrase Inhibitor
= Abacavir (ABC) = Atazanavir (ATV) )

= Didanosine (ddl) = Darunavir (DRV) = Raltegravir (RAL)

= Emtricitabine (FTC) = Fosamprenavir (FPV)

= Lamivudine (3TC) = Indinavir (IDV) Fusion Inhibitor

= Stavudine (d4T) = Lopinavir (LPV) = Enfuvirtide (ENF, T-20)
= Tenofovir (TDF) = Nelfinavir (NFV) :

= Zidovudine (AZT, = Ritonavir (RTV) CCRAntagonist
ZDV) = Saquinavir (SQV) " Maraviieelleit

NNRTI = Tipranavir (TPV)

= Delavirdine (DLV)

= Efavirenz (EFV)

= Etravirine (ETR) L 4
= Nevirapine (NVP) AETC

NNNNNNNN
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Initial Treatment: Choosing Regimens

= 3 main categories:
1 NNRTI + 2 NRTIs
1 Pl + 2 NRTIs
111+ 2 NRTIs

= Combination of NNRTI, PI, or Il + 2 NRTIs preferred
for most patients

= Fusion inhibitor, CCR5 antagonist not
recommended in initial ART
= Few clinical end points to guide choices

= Advantages and disadvantages to each
type of regimen

* Individualize regimen choice

NNNNNNNN
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Initial Treatment: Preferred

NNRTI based "EFV/TDF/FTC2

Pl based *ATV/r + TDF/FTC?
=DRV/r (QD) + TDF/FTC?

Il based *RAL + TDF/FTC?

Pregnant Women | =LPV/r (BID)® + ZDV/3TC

1. EFV should not be used during the first trimester of pregnancy or in
women trying to conceive or not using effective and consistent
contraception.

2. 3TC can be used in place of FTC and vice versa. ﬁ

NNNNNNNN
RRRRRRRR

54 December 2009 www.aidsetc.org BELRER




%)
=
<<
S
L

HIV Prevention—turning the tide




Adult male circumcision

= Reductioni

in transmission from HIV+ women to HIV —
men by 50-60%

> Auvert B, Taljaard D, Lagarde E, Sobngwi-Tambekou J, Sitta M,
Puren A. Randomized, controlled intervention trial of
malecircumcision for reduction of HIV infection risk: The ANRS
1265 trial. PLoS Med 2005; 2: 1112-22

» Gray RH, Kigozi G, Serwadda D, et al. Male circumcision for HIV

prevention in men in Rakai, Uganda: a randomised trial. Lancet
2007; 369: 657-66.

> Bailey RC, Moses S, Parker CB, et al. Male circumcision for HIV
prevention in young men in Kisumu, Kenya: a
randomisedcontrolled trial. Lancet 2007; 369: 643-56.

=  No effect on transmission from HIV+ men to HIV-
women
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e NEW ENGLAN D
JOURNAL of MEDICINE

Vaccination with ALVAC and AIDSVAX to Prevent HIV-1
Infection in Thailand

Supachai Rerks-Ngarm, M.D., Punnee Pittisutthithum M.D., D.T.M.H., Sorachai Nitayaphan, M.D., Ph.D.,

Jaranit Kaewkungwal Ph.D., Joseph Chiu, M.D., Robert Paris, M.D., Nakorn Premsri, M.D
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Sanjay Gurunathan, M.D., Jim Tartaglia, Ph.D., john G. McNeil, M.D., Donald P. Francis, M.D., D.Sc.,
Donald Stablein, Ph.D., Deborah L. Birx, M.D., Supamit Chunsuttiwat, M.D., Chirasak Khamboonruang, M.D.,
Prasert Thongcharoen, M.D., Ph.D., Merlin L. Robb, M.D., Nelson L. Michael, M.D., Ph.D., Prayura Kunasol, M.D.,
and Jerome H. Kim, M.D., for the MOPH-TAVEG Investigators*

NEJM 361:2209 (03 Dec 09)
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RV 144 Primary Population Efficacy

A Intention-to-Treat Analysis
1.0
0.94
0.3
0.74
0.6
0.5
0.4+
0.3
0.2
0.14
0.0 T

Probability of HIV-1 Infection (%)

Placebo

0.0 0.5

No. at Risk

Placebo 8200

Vaccine 8202
Cumulative No. of Infections
Placebo

Vaccine

Years
7775 7643
7797 7665
32 52
17 37

25 3.0 35

7441 7325
7471 7347
67 76
50 36

B Per-Protocol Analysis
1.0+

0.9+
0.84
0.74
0.6+
0.5+
0.44
0.34
0.2+
0.14
0.0 T

Probability of HIV-1 Infection (%)

0.0 0.5

No. at Risk

Placebo 6366

Vaccine 6176
Cumulative No. of Infections
Placebo

Vaccine

Years
6283 6220
6140 6068
16 31
3 22

25 3.0 35

6089 6002
5958 5874
44 50
32 36

C Modified Intention-to-Treat Analysis

1.0+
0.9+
0.8+
0.74
0.6+
0.5+
0.4+
0.3+
0.2+
0.14

Probability of HIV-1 Infection (%)

0.
0.0 0.5

No. at Risk

Placebo 8198

Vaccine 8197
Cumulative No. of Infections
Placebo

Vaccine

Years
7775 7643
7797 7665
30 50
12 32

25 3.0 35

7441 7325
7471 7347
65 74
45 51




Tenofovir gel protects women from male to female
infection
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0.20 +

0.18
Placebo

0.16 - e e
0.14 P P=0.017
0.12 m——

0.10 Tenofovir

0.08
0.06

\ I

L}

Probability of Infection

0.04

0.02
0.00 -

1

Months of follow-up 6 1 b 18 24 30
Cumulative HIV endpoints 37, 65 88 97 98
Cumulative women-years 432 833 1143 1305 1341

HIV incidence rates
(Tenofovirvs Placebo)

Effectiveness 47% 50% 47% 40% 39%
(P-value) (0.064) (0.007) (0.004) (0.013) (0.017)

60vs11.2 | 52vs10.5 | 53vs10.2 5.6vs10.2 5.6vs 9.1

SCIENCEVOL 329, 3 SEPTEMBER 2010 (Caprisa 004)
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Coming steps

Pre-exposure prophylaxis

Improved antiretroviral microbicides
Test and treat

Extend the impact of RV 144

New generation HIV vaccines



