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Continuing Medical Education

Topics in
     Antiviral Medicine™

The articles in this issue are associated with CME credit.

Instructions

This journal-based continuing medical education (CME) activity pro-
vides a review of advances in the treatment of HIV and hepatitis C 
virus (HCV)  infection. It offers a maximum of 8 CME credits. To com-
plete the activity, the learner is instructed to:

•	Read	the	articles

•	Review	a	selection	of	the	references

•	Reflect	on	how	the	information	might	be	applied	to	clinical	practice

•	Complete	the	posttest	and	CME	claim	form	and	send	both	to	the	 
IAS–USA office.

Learning Objectives

On completion of this activity, the learner will be able to describe the 
important new data presented at the 19th	CROI	 and	 the	potential	
clinical implications for patients in the areas of:

- Pathogenesis of HIV disease

- Vaccine research

- Epidemiology of HIV and prevention efforts

- Antiretroviral therapy: new drugs and new strategies, complica-
tions, and concurrent infections

Accreditation Statement

The IAS–USA is accredited by the Accreditation Council for Continu-
ing Medical Education to provide continuing medical education for 
physicians. 

The IAS–USA designates this journal-based CME activity for a maxi-
mum of 8 AMA PRA Category 1 CreditsTM. Physicians should claim 
only the credit commensurate with the extent of their participation 
in the activity.

Conflicts of Interest and Financial Disclosures

IAS–USA policy requires that the IAS–USA resolve any real or appar-
ent	 conflict	 of	 interest	 that	 may	 influence	 the	 development,	 con-
tent, or delivery of its educational activity prior to the activity’s being  
delivered to learners. 

Authors’ financial affiliations are listed at the end of each article.

Dr	Richman,	editor	in	chief,	has	been	a	consultant	to	Biota,	Bristol-Myers	
Squibb, Chimerix, Gen-Probe Inc, Gilead Sciences, Inc, Johnson & John-
son,	Merck	&	Co,	Inc,	Monogram	Biosciences,	Inc,	and	Tobira	Therapeu-
tics. He has been the recipient of research grants or contracts from Merck 
& Co, Inc. He has held stock options for Chemerix.

Intended Audience

This activity is intended for physicians involved in the care of patients  
infected with HIV, HCV, or other viruses. It is also relevant to nurse 
practitioners, physician assistants, nurses, and other health profes-
sionals who provide care for people with viral diseases.
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Posttest Questions 

Check the box next to the best answer to each of the questions 
below. To earn CME credit, you must receive a passing score of 80% 
or more correct.

1. What proportion of HIV–infected persons in the United States have 
fully suppressed viral loads, according to the latest Centers for Dis-
ease Control and Prevention (CDC) data?
	A. 88%
	B. 67% 
	C. 43%
	D. 28%
	E. 11%

2. Which of the following is the leading hypothesis to explain disparate 
results in different preexposure prophylaxis (PrEP) and microbicide 
efficacy trials?
	A. Poor statistical power in the negative studies
	B. High rates of loss to follow-up in the negative studies
	C. Poor drug adherence in the negative studies
	D. Toxicity of oral and topical tenofovir on vaginal tissue in the neg- 

 ative studies 
	E. Overestimates of PrEP efficacy in the positive studies

3. For men who have sex with men (MSM), serosorting (having unpro-
tected sex only with partners of the same perceived HIV serostatus) is:
	A. As risky as 100% condom use
	B. Twice as risky as 100% condom use 
	C. 10 times as risky as 100% condom use
	D. Not associated with harm for HIV-infected men
	E. Associated with an increased risk of bacterial sexually transmit- 

 ted infections (STIs), only among HIV-infected men

4. Which of the following statements about HIV testing is true?
	A. Home self-testing for HIV is associated with an increase in high- 

 risk sexual behavior
	B. Home self-testing for HIV is associated with a decrease in high- 

 risk sexual behavior
	C. Patients newly diagnosed with HIV are as likely as partner notifi- 

 cation services to notify previous partners of their HIV serostatus 
	D. Newly diagnosed patients are more likely than partner notifica- 

 tion services to notify previous partners of their HIV serostatus,  
 but only if Internet tools are available

	E. Learning of one’s own HIV-seropositive status, without regard  
 to disclosure interventions, has been shown to be the single  
 biggest factor in reducing unprotected sex between  
 serodiscordant partners

5. Which of the following statements about HIV-related disparities is 
true?
	A. In the United States, African American MSM report fewer sex  

 partners and less drug use than white MSM
	B. In the United States, African American MSM have higher  

 rates of sexual concurrency than white men
	C. In the United States, early antiretroviral therapy initiation rates  

 are similar across races
	D. Globally, HIV incidence rates appear to be decreasing more rap- 

 idly in women than in men
	E. Globally, HIV prevalence rates appear to be decreasing more  

 rapidly in women than in men

6. An increased risk of stroke in patients with HIV infection is associ-
ated with:
	A. Detectable levels of HIV RNA
	B. Latest CD4+ count less than 100 cells/µL
	C. NNRTI use
	D. Cytomegalovirus (CMV) disease
	E. A and B
	F. A, B, C, and D

7. Adding a hepatitis C virus (HCV) protease inhibitor (PI) to pegylated 
interferon/ribavirin in HCV/HIV-1-coinfected, HCV-treatment-naive 
patients increased sustained virologic response (SVR, or cure of HCV) 
by approximately what percentage?
	A. 5%
	B. 10%
	C. 30%
	D. 50%
	E. PIs cannot be used in HIV-coinfected patients due to drug–drug  

 interactions

8. In pharmacokinetic studies of healthy volunteers, which of the 
following antiretroviral agents did not substantially alter plasma 
concentrations when coadministered with the HCV PI boceprevir?
	A. Raltegravir
	B. Ritonavir-boosted (/r) darunavir
	C. Lopinavir/r
	D. Nevirapine
	E. Atazanavir/r

9. Low 25-hydroxyvitamin D (25[OH]D) levels were reported in 
 association with all of the following except:

	A. Lower CD4+ cell counts
	B. Higher levels of inflammatory markers
	C. Increased carotid intima-media thickness (IMT) in children  
	D. Mortality in resource-limited settings

10. Which of the following statements about the rapid mycobacterial  
  lipoarabinomannan test Determine TB-LAM is correct?
	A. The test can be used on cerebrospinal fluid (CSF)
	B. The test is more sensitive at higher CD4+ cell counts
	C. The test can be used on urine
	D. The test must be used on specimens that already demonstrate  

 mycobacterial growth
	E. The test detects rifampin resistance

11. “Positive selection” is used to describe:
	A. Modulation of viral replication by cell-mediated immunity
	B. Modulation of viral replication by humoral immunity
	C. Selective pressure on cellular genes by viral pathogenicity
	D. Impact of antiretroviral drugs on cellular gene expression

12. SAMHD1 is a newly identified antiviral restriction that is counter-  
 acted by:
	A. Vif
	B. Vpu
	C. Reverse transcriptase
	D. Vpx 

13. TRIM5α is a species-specific antiviral restriction that targets:
	A. Integrase
	B. Reverse transcriptase
	C. Capsid
	D. Envelope

14. Which drug is being used to reactivate viral latency in patients?
	A. Vorinostat
	B. Raltegravir
	C. Darunavir 
	D. Topiramate

15. SAMHD1 is a myeloid cell restriction that antagonizes viral replica- 
 tion by:
	A. Reducing deoxynucleotide triphosphate levels in the cell
	B. Blocking envelope-CD4 interaction
	C. Targeting viral capsids to endosomes
	D. Inducing methylation of the viral genome
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Please complete the following evaluation form for this journal activity:

Excellent Very Good Good Fair Poor

Please rate the activity in terms of meeting the stated  
learning objectives (see p. 22 for objectives) ❍ ❍ ❍ ❍ ❍

Please rate the extent to which the information  
presented was supported by the evidence

❍ ❍ ❍ ❍ ❍

Please rate the overall quality of the article ❍ ❍ ❍ ❍ ❍

Please rate the activity’s freedom from commercial bias ❍ ❍ ❍ ❍ ❍

Please rate the overall value of this activity to your practice ❍ ❍ ❍ ❍ ❍

Please list 3 specific measurable changes you will make in your practice based on the information presented in the article:
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Other comments (please feel free to comment on any aspect of Topics in Antiviral Medicine):

_______________________________________________________________________________________________________________________

_______________________________________________________________________________________________________________________

What percentage of your patients has HIV infection? 
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Please rate your expertise in treating HIV infection:   	1 (novice)     2     3     4     5 (expert)
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Mail or fax this page along with the completed posttest to: 
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Please indicate your academic degree or license:

 	MD   	DO   	PA   	RN   	NP   	PharmD   	other (specify) ____
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Institution or Organization

_______________________________________________________________
Telephone ( ___Home ___Work)                         Facsimile

_______________________________________________________________
E-mail address to receive your CME certificate ( ___Home ___Work)

The approximate amount of time (in hours) I spent on reading the article, 
reviewing the references, and reflecting on how the information might be 
applied to the practice was:

 	≤1   	1.5   	2   	3   	other _____




This CME activity is offered from June 15, 2012, to June 15, 2013. 
Physicians (MDs, DOs, and international equivalents) who receive a 
passing score on the posttest and submit the registration and evalua-
tion forms are eligible to receive CME credit. Nonphysician health care 
practitioners will receive a certificate of participation.
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For information about Cases on the Web, please contact the IAS–USA.
Phone:  (415) 544-9400  •  Fax:  (415) 544-9401  •  E-mail: info”at”iasusa.org  •  Web site: www.iasusa.org/cow

Cases on the Web (COW) is a series of case-driven continuing 
medical education activities sponsored by the IAS–USA. The 
COW program was created to offer convenient online access to  
top-quality education in the management of HIV and other viral 
infections.

NEW  Prevention of Mother-to-Child Transmission in 
Highly Treatment-Experienced HIV-Infected Women
Theresa Barton, MD, and Laura N. Armas-Kolostroubis, MD
CME Credit Available: 1.25 AMA PRA Category 1 Credits™
Level: Advanced 

The use of antiretroviral therapy and prophylaxis has dramatically 
reduced HIV transmission to infants. However, ongoing use of 
antiretroviral agents can lead to increases in viral resistance, es-
pecially as women are switched to second-line or third-line treat-
ment regimens. Dr Barton and Dr Armas-Kolostroubis address 
maintaining low perinatal transmission rates in the presence of 
resistant HIV infection, which requires knowledge of recommen-
dations for treatment and prophylaxis in pregnant women with 
drug resistance as well as safety of alternative agents in neo-
nates.

NEW  Sexually Transmitted Infections in the HIV-Infect-
ed Patient
Linda M. Gorgos, MD, MSc
CME Credit Available: 1.75 AMA PRA Category 1 Credits™
Level: Advanced

Sexually transmitted infections (STIs) among HIV-infected per-
sons are an important source of morbidity that impacts personal 
and public health. Effective detection includes routine assess-
ment of sexual-risk behavior and regular screening for STIs re-
gardless of symptoms. Dr Gorgos addresses a comprehensive ap-
proach to treatment of infected individuals and their partner(s) 
and discusses emerging challenges, including the management 
of gonococcal infections in the context of rising antimicrobial 
resistance.  

NEW  Drug Interactions With Medications for Treating 
Hepatitis C Virus Infection
John J. Faragon, PharmD, BCPS
CME Credit Available: 1.5 AMA PRA Category 1 Credits™
Level: Advanced

The availability of boceprevir and telaprevir, each approved in 
2011 by the FDA, has led to increased successful response rates 
in treating hepatitis C virus (HCV) infection. Dr John Faragon 
discusses the effects of HCV protease inhibitors (PIs) and other 
drugs on the cytochrome P450 enzyme system, outlines strate-
gies for preventing and managing interactions between HCV PIs 

and select coadministered drugs used in primary care settings, 
and provides sources of information about drug interactions be-
tween HCV drugs, HIV antiretroviral drugs, and selected other 
drugs.

Preexposure Prophylaxis for HIV Infection
Jason R. Faulhaber, MD 
CME Credit Available: 1.5 AMA PRA Category 1 CreditsTM  
Level: Advanced

There may finally be a viable breakthrough in the prevention of 
new HIV infections, as data from recent studies have demonstrat-
ed. These studies evaluated the use of preexposure prophylaxis 
(PrEP) as oral medication or topical microbicide to reduce the risk 
of HIV acquisition. Dr Jason Faulhaber describes the role of health 
care practitioners in altering the future of HIV transmission.

Osteomalacia and Osteoporosis in the HIV-infected 
Patient
Michael Yin, MD, MS, and Emily Stein, MD, MS 
CME Credit Available: 1.5 AMA PRA Category 1 CreditsTM 
Level: Advanced

The incidence of age-related comorbidities affecting bone min-
eral density has increased among HIV-infected individuals. HIV 
primary care practitioners will need to learn about the effects of 
antiretroviral drugs on vitamin D levels, bone metabolism, and the 
diagnosis and management of osteomalacia and osteoporosis. Dr 
Michael Yin and Dr Emily Stein describe the differences between 
these disease processes and the challenge of treating them.

CME CREDIT

These internet enduring material activities have been approved 
for AMA PRA Category 1 Credit™. 

  COMING SOON

Look for these new Cases on the Web activities in coming months.

• Novel HIV-1 Resistance and Tropism Testing—When avail-
able, HIV drug-resistance testing should be used to guide the 
selection of an optimal antiretroviral regimen. Technologic ad-
vances in HIV sequencing and sequence detection have revo-
lutionized the study of antiretroviral drug resistance and HIV 
diversity, and are increasingly moving from the laboratory to 
clinical practice. 

• Management of Chronic Hepatitis C in Advanced Liver 
Disease—Hepatitis C virus is a leading cause of chronic liver 
disease worldwide. The disease is largely asymptomatic until 
advanced liver disease ensues, and patients are often diag-
nosed after years of infection. Newer treatments offer a higher 
chance of cure, but may be challenging and sometimes contra-
indicated in patients with advanced disease.

www.iasusa.org/cow

COW_20.2(6-1-12WC).indd   25 6/1/12   6:14 PM
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Cellular Restrictions

In his plenary lecture, Emerman dis-
cussed how primate lentiviruses, in-
cluding HIV-1 and HIV-2/simian im-
munodeficiency virus (SIV), have been 
shaped through evolutionary conflict 
with their primate hosts (Abstract 19). 
In the last century, HIV-1 has been ac-
quired from chimpanzees at least 4 
times and humans have acquired HIV-
2 at least 8 times from sooty mang-
abeys. Therefore, Emerman focused 
his discussion on why humans are in-
fected with some lentiviruses and not 
others, and how lentiviruses that infect 
humans have adapted to their human 
hosts. 

Emerman’s research has focused 
on ancient viral pathogens and how 
their antiviral defenses deal with mod-
ern viruses. These antiviral defenses 
are proteins that are encoded by pri-
mates. These include APOBEC 3, SAM-
HD 1, and tetherin. APOBEC 3 and 
SAMHD 1 act on the reverse transcrip-
tion step of viral replication, but at dif-
ferent levels. APOBEC 3 deaminates 
viral complementary DNA (cDNA), 
rendering it incompetent to serve as a 
template for production of functional 

Dr Stevenson is a Professor in the Depart-
ment of Medicine and Chief of the Division 
of Infectious Diseases at the University of 
Miami Medical School. 

The Conference on Retroviruses and Opportunistic Infections (CROI) is held 
annually to provide a forum for scientists to hear the most recent advances 
in the field of HIV and AIDS research. Although the conference has a 
primary mission to showcase advances in the prevention and management 
of HIV-1 infection and opportunistic infections (in particular, tuberculosis 
and hepatitis C virus [HCV]), there continues to be a strong basic research 
component. Research on cellular factors that influence the interplay between 
the virus and the host cell, and especially, cellular factors that antagonize 
viral replication, had the greatest presence at the conference. In the area 
of retroviral pathogenesis, research on viral reservoirs and mechanisms of 
viral persistence in the face of antiretroviral therapy generated considerable 
interest. Research on mechanisms of viral persistence is beginning to reveal 
strategies, some of which were the focus of presentations at CROI, to 
eliminate long-lived viral reservoirs.

Review of Basic Science Advances in HIV
Mario Stevenson, PhD

viral transcripts and proteins. SAMHD 
1 is a nuclear protein that shuttles into 
the cytoplasm and reduces nucleotide 
pools to render the cell poorly permis-
sive for reverse transcription. 

Tetherin acts at the site of viral bud-
ding and interferes with the detach-
ment of the maturing virus particle 
from the surface of the infected cell. 
Viruses have evolved evasion strate-
gies to circumvent cellular defenses 
such as tetherin and establish infection 
within the host cell. Emerman used the 
“arms race” as an analogy to describe 
the conflict between the antiviral fac-
tor and the virus-encoded antagonist. 
This conflict results in rapid evolution 
of both cellular defense factors and the 
viral antagonists of those factors. Over 
generations, host escape from the viral 
antagonist essentially neutralizes the 
ability of the virus to protect itself from 
the host-encoded defense factor. This 
forces a viral readaptation that allows 
the viral antagonist to once again neu-
tralize the host defense factor. 

In the absence of viral infection, the 
antiviral gene does not acquire mu-
tations because it is not under selec-
tive pressure. However, the presence 
of a new virus forces the accumula-
tion of mutations that influence the 
interaction with the viral antagonist. 
This process, by which viral infection 
drives polymorphisms within cellular 

genes, is referred to as positive selec-
tion. Emerman described studies that 
cloned genes from primate lentivirus-
es and antiviral genes representing 30 
million years of viral and antiviral evo-
lution. These viral and cellular genes 
were then subjected to functional 
analysis including antiviral activity and 
ability to neutralize cellular defense 
proteins. This analysis allowed an es-
timation of when the virus entered the 
primate lineage, how acquisition of an 
antiviral gene influenced the fitness of 
the host, and how the virus evolved to 
adapt to its new host. Using APOBEC 
3DE, which is poorly active against 
HIV-1, as an example, Emerman was 
able to determine the timing of an 
ancient viral infection occurring be-
tween 2 million to 5 million years ago. 
The positive selection of host antiviral 
genes can be used to gauge whether 
a virus is imparting some fitness cost 
on the host. For example, although SIV 
from African green monkeys (SIVagm) is 
considered nonpathogenic, the ongo-
ing adaption between APOBEC 3G and 
SIV Vif indicates that the virus is not 
benign in its host and that there is a 
fitness disadvantage as a consequence 
of the infection. 

Finally, Emerman discussed how 
his evolutionary analysis can be used 
to provide insight into the adaption 
of a virus to a new host. For exam-
ple, HIV-1 Vpu antagonizes the anti-
viral action of tetherin. Chimpanzee 
SIV (SIVcpz), the immediate ancestor 
of HIV-1, encodes a Vpu protein that 
does not counteract tetherin; other 
SIV lineages, including sooty mang-
abey SIV (SIVsm), do not contain Vpu, 
but counteract tetherin via the Nef 
accessory protein. Although SIV Nef 
could counteract tetherin in chimpan-
zees, on transfer to humans, SIV Nef 
was unable to neutralize human teth-
erin—the site of its interaction had 
been deleted during human evolution. 
Therefore, HIV-1 altered Vpu in the 
transmembrane domain so that SIV 

Stevenson(5-29-12WC).indd   26 6/1/12   6:17 PM



27

Conference Highlights—Basic Science    Volume 20 Issue 2   June/July 2012

Nef could interact with and neutralize  
tetherin. This occurred only in pan-
demic (group M) HIV-1 and not in non-
pandemic (group O) HIV-1, indicating 
that the current epidemic may be ex-
plained in part by changes in the trans-
membrane domain of Vpu that allow 
HIV-1 to neutralize tetherin. 

Viruses adapt to the new host not 
only by evolving a new function within 
an existing gene (such as the case with 
vpu and HIV-1) but also by evolving a 
new viral gene to combat a host re-
striction. HIV-2, macaque SIV (SIVmac), 
and SIVsm harbor a vpx gene that is not 
contained within HIV-1 or SIVcpz or go-
rilla SIV (SIVgor) lineages. Recently, vpx 
has been demonstrated to degrade a 
cellular antagonist called SAMHD 1. 
SAMHD 1 limits infection of myeloid 
cells (dendritic cells and monocytes) 
by depleting deoxynucleotide triphos-
phate (dNTP) pools, thereby limiting 
reverse transcription of the virus. Al-
though HIV-2 and SIVsm lineages en-
code a Vpx, HIV-1 does not. Therefore, 
in the ancestral primate lentivirus that 
gave rise to the HIV-1 and HIV-2 pre-
decessors, the ancestral vpr gene ac-
quired the ability to degrade SAMHD 1. 

Further along the evolutionary path-
way, the HIV-2 predecessor acquired a 
new gene that specialized in its abil-
ity to degrade SAMHD 1. Although no 
Vpx-like activity has so far been detect-
ed in HIV-1, this virus retains the abil-
ity to infect macrophage without the 
apparent ability to degrade SAMHD 1. 
In summary, the conflict between len-
tiviruses and their hosts involves an-
tagonism of viral infection by cellular 
defenses and neutralization of those 
defenses by viral accessory proteins. 
Viruses adapt to selective evolution of 
host cell defenses by acquiring a new 
gene with specialized ability to coun-
teract the host defense or by adapting 
to be able to neutralize the cellular de-
fense. 

Research in the area of antiviral re-
strictions has accelerated in pace with 
the recent identification of a novel an-
tiviral restriction that selectively acts 
to block viral reverse restriction in 
myeloid-lineage cells. In the past year, 
the research groups of Benkirane1 and 
Skowronski2 independently identified 

SAMHD1 as the cellular target of the 
Vpx protein encoded by HIV-2 and 
most SIV. As discussed in the sympo-
sium on host cell factors, SAMHD 1 is 
a newly discovered antiviral restriction 
that specifically antagonizes lentivirus 
replication in myeloid cells including 
monocytes and dendritic cells (Ab-
stract 63). In the absence of Vpx, infec-
tion of primary lymphocytes and T-cell 
lines is not affected. However, infec-
tion of these myeloid cells is absolutely 
dependent on a functional Vpx and in 
its absence, viral replication is blocked 
at the reverse transcription step. 

Vpx (like Vpr) is packaged within 
virions. Therefore, it is clear that the 
Vpr and Vpx proteins act at an early 
stage in viral replication before de 
novo synthesis of viral proteins. In ear-
lier work by Sharova and colleagues3 
heterokaryon analysis in which per-
missive HeLa cells were fused with 
nonpermissive macrophages indi-
cated that Vpx was counteracting a 
dominant-negative restriction. This 
research provided the impetus for 
studies to identify the Vpx-associated 
restriction. SAMHD 1 appears to have 
biologic properties that underscore 
the belief that it is the restriction tar-
geted by Vpx. For example, SAMHD 1 
is degraded in the proteasome in the 
presence of Vpx. Silencing of SAMHD 
1 increases infection of nonpermis-
sive cells. Expression of SAMHD 1 in 
permissive cells rendered them non-
permissive to HIV-1 infection. SAMHD 
1 is a deoxynucleoside triphosphate 
triphosphohydrolase and mutations in 
this gene have previously been shown 
to be associated with Aicardi-Goutières 
Syndrome (AGIS). SAMHD 1 appears 
to restrict infection by depleting the 
intracellular pool of deoxynucleoside 
triphosphates, which, in the presence 
of Vpx, is increased. Presumably, a re-
duction in intracellular dNTP levels by 
SAMHD 1 leads to a less permissive 
environment for reverse transcription 
of viral cDNA. 

The restrictive activities of SAMHD 1 
have been conserved throughout the 
evolutionary history of primates. Deg-
radation of SAMHD 1 by Vpx appears 
to be species-specific. For example, 
Vpx from red-capped mangabey SIV 

(SIVrcm) is unable to degrade human 
SAMHD 1 but efficiently degrades rhe-
sus SAMHD 1. The cellular differentia-
tion state appears to be essential for 
the Vpx phenotype and SAMHD 1 re-
striction activity appears to be specific 
for differentiated, nondividing cells. All 
of the biochemical and biologic data 
obtained to date suggest that SAMHD 1 
restricts lentivirus infection only in my-
eloid cells. Benkirane raised the possi-
bility that SAMHD 1 also restricts viral 
infection in quiescent CD4+ T cells. 
SAMHD 1 appears to be expressed effi-
ciently in quiescent CD4+ T cells and 
does not require activation to increase 
expression. However, Vpx does not ap-
pear to have the capability to degrade 
SAMHD 1 in quiescent CD4+ T cells. 
Although SAMHD 1 exhibits properties 
that would be predicted by the Vpx-
associated restriction, it is unlikely to 
act independently. For example, ex-
pression levels of SAMHD 1 do not 
collaborate with levels of antiviral re-
striction and expression of SAMHD 1 
in T-cell lines such as SUP-T1 does not 
reconstitute the restriction. Research 
continues in order to fully understand 
the biochemical nature of the restric-
tion and cofactors of SAMHD 1 that are 
necessary for its full biologic activity.

Although a number of studies have 
demonstrated that SAMHD 1 is active 
against all primate lentiviruses includ-
ing HIV-1, HIV-1 does not encode Vpx. 
Although HIV-1 contains a vpr gene, 
there is no evidence that HIV-1 Vpr is 
able to neutralize SAMHD 1—a central 
question is why HIV-1 has not evolved 
a strategy to do so. Littman and re-
searchers demonstrated that HIV-1 in-
fection of myeloid cells does not nor-
mally induce an interferon response.4 

However, if Vpx is introduced in the 
form of virus-like particles, the infec-
tion induces an interferon response. 
It is tempting to speculate that HIV-1 
has deliberately avoided evolving a 
strategy to neutralize SAMHD 1 to stay 
below the radar of the interferon re-
sponse. This suggests a fundamental 
difference in the biologic properties 
of HIV-1 and HIV-2/SIV. Given this in-
formation, it is therefore puzzling that 
HIV-1 retains the capability to infect 
myeloid lineage cells even though it is 
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unable to restrict SAMHD 1. It is possi-
ble that HIV-1 has adapted to undergo 
reverse transcription in low-dNTP en-
vironments and is therefore only par-
tially analogized by SAMHD 1. There is 
much work to be done in understand-
ing how myeloid lineage cells impact 
primate lentivirus pathogenesis. Clear-
ly, these viruses have evolved strate-
gies to infect myeloid lineage cells and 
to evade myeloid-specific restrictions 
(at least in the case of HIV-1 and SIV). 
This supports the notion that myeloid 
lineage cells play a crucial role in the 
biology of these viruses. 

In the same session, Luban outlined 
the state of research on TRIM5α, as a 
restriction factor that recognizes HIV-1 
capsid (Abstract 65). The existence of 
this restriction was first suggested by 
the realization that HIV-1 inefficiently 
infects monkeys, which correlated 
with an inability of HIV-1 to replicate 
within cells of many monkey species. 
While working in Sodroski’s laborato-
ry, Stremlau identified TRIM5α as the 
factor that restricts HIV-1 infection of 
monkey cells.5 Around the same time, 
Luban’s lab identified cyclophilin A as 
a factor that restricts HIV-1 infection of 
owl monkey cells.6 Both proteins rec-
ognize viral capsids through a domain 
that regulates species-specific restric-
tion. Amino acid differences within 
this domain result in changes in activ-
ity such that HIV-1 is recognized by 
monkey TRIM5α, but not by human 
TRIM5α. Some structural insight into 
some of the domains within TRIM5α, 
such as RING and B-box domains, has 
been obtained, but there is no struc-
tural information on the complete pro-
tein. This has hampered attempts to 
gain detailed insight into how TRIM5α 
acts on the viral capsids. The most 
plausible model is that TRIM5α inter-
acts with the capsid to promote prema-
ture uncoating. TRIM5α has also been 
shown to associate with proteasome 
components, suggesting that another 
part of the restriction mechanism may 
involve the proteasome. Ubiquitinyl-
ation of any viral component has yet 
to be observed. 

Luban went on to discuss the pos-
sibility that TRIM5α, through recogni-
tion of the capsid lattice, serves as an 

innate pattern recognition receptor 
that alerts the infected cell to the in-
coming viral particle. In support of this 
hypothesis, Luban presented data that 
over-expression of TRIM5α activates 
innate immune transcription factors 
such as activating protein 1 (AP-1) and 
nuclear factor κB (NF-κB), and TRIM5α 
knock-down inhibits lipopolysaccha-
ride (LPS) signaling in human den-
dritic cells. Further, challenge of den-
dritic cells with retroviruses restricted 
by TRIM5α activated inflammatory 
cytokines. TRIM5α appears to activate 
AP-1 and NF-κB through the transform-
ing growth factor β-activated kinase 1 
(TAK1) and TAK2/TAK3 complex. This 
kinase complex has ubiquitin binding 
components (TAK1-binding protein-3 
[TAB3]). Using purified individual com-
ponents, TRIM5α was shown to syn-
thesize unattached lysine-63–linked 
ubiquitin chains that are unattached 
to any substrate. TRIM5α perhaps 
stimulates these chains to activate 
TAK1 phosphorylation. Luban went 
on to demonstrate that HIV-1 capsid 
lattices stimulate this activity. Collec-
tively, these data indicate that TRIM5α 
is a pattern recognition receptor and 
that the retroviral capsid lattice is the 
pathogen-associated molecular pattern 
(PAMP).7 Furthermore, the TAK1 com-
plex is activated by TRIM5α-mediated 
restriction. Therefore, in addition to 
the premature uncoating and protea-
some mechanisms previously shown 
in TRIM5α-mediated restriction, an 
additional aspect to this restriction in-
volves K63-linked ubiquitination, acti-
vation of TAK1, and an additional level 
of restriction. How activation of TAK1 
contributes to TRIM5α restriction is 
under investigation. 

A new dimension on the TRIM5α 
story is the possibility that TRIM5α 
plays a role in pathogenesis. Monkey 
TRIM5α does not effectively target 
SIV capsids. However, there is a grow-
ing body of literature to suggest that 
TRIM5α may modulate control of SIV 
replication in rhesus monkeys,8 al-
though this is not seen consistently.9 
There are less solid data regarding the 
impact of TRIM5α polymorphisms in 
humans, although some papers sug-
gest that these polymorphisms impact 

HIV-1 acquisition and disease progres-
sion. To this end, Abstract 237 de-
scribed a G249D polymorphism that 
is a common variant in Asians and is 
associated with an increased suscepti-
bility to HIV-1. There are also data to 
suggest that TRIM5α may play a role in 
control of HIV-1 infection in individu-
als who have particular human leuko-
cyte antigen (HLA) genotypes and who 
mount strong cytoxic T lymphocyte 
(CTL) responses to gag. CTL escape 
variants acquired mutations that im-
pact viral fitness by increasing suscep-
tibility to TRIM5α restriction.

Viral Reservoirs and Persistence

Much attention has focused on the 
mechanism with which HIV-1 persists 
in the face of antiretroviral therapy and 
this topic received extensive coverage 
at the conference. A reservoir of quies-
cent, latently infected CD4+ T cells is 
considered to be the single biggest ob-
stacle to viral eradication. When HIV-1 
is in a latent state, it is not affected by 
the antiretroviral drugs currently used 
in the management of HIV-1-infected 
individuals. A number of groups have 
been exploiting approaches to reacti-
vate viral latency with the expectation 
that reactivated virus can be killed by 
immune surveillance or attacked with 
retroviral reagents.  

Lewin (Abstract 106) reviewed la-
tency and its maintenance, as well as 
clinical studies aimed at clearing the 
latent viral reservoirs. She described a 
clinical study using vorinostat (suber-
oylanilide hydroxamic acid [SAHA]), 
an histone deacetylase (HDAC) inhibi-
tor that has been shown to activate 
HIV from latency in vitro. Vorinostat is 
licensed for the treatment of cutane-
ous T-cell lymphoma and is undergo-
ing numerous phase II trials for other 
malignancies. The toxic effects of vori-
nostat are well described, at least in 
short-term studies, but it is unknown 
whether there is any toxicity associ-
ated with long-term use.  

In a trial to reactivate latent HIV, 
20 patients received 14 days of vori-
nostat. Blood samples were collected 
frequently and rectal biopsy was con-
ducted at day 0 and day 14. The major  
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endpoints were cell-associated viral 
RNA, as well as other indicators of vi-
ral activity, such as cell-associated HIV 
DNA. The study group was very well-
suppressed, with a median CD4+ cell 
count of 710/μL. Some adverse events 
were reported in 8 of 9 patients. These 
events have been previously observed 
in vorinostat trials but reversed on dis-
continuation of the drug. In rectal bi-
opsies, there was no evidence of T-cell 
activation at day 0 and day 14. Viral 
markers are currently being assessed. 

In another trial conducted by Mar-
golis and colleagues (Abstract 157LB), 
patients received a single dose of 
vorinostat. The primary endpoints 
were cell-associated viral RNA and 
frequency of latently infected T cells. 
Thirteen patients have been enrolled. 
Extensive baseline viral characteristics 
were determined for each patient at 
enrollment. Quiescent lymphocytes 
were purified and treated ex vivo with 
vorinostat to ensure that their cells 
responded to the treatment. Lympho-
cytes from each of the 6 enrolled pa-
tients showed an increase in cell-asso-
ciated HIV-1 RNA after treatment with 
vorinostat ex vivo. Following adminis-
tration of vorinostat, there was a simi-
lar induction of cell-associated viral 
RNA in patients following a single 400-
mg dose of vorinostat. There was no 
significant change in the level of sin-
gle-copy viral RNA in all patients. This 
study provides proof-of-concept that a 
single dose of vorinostat induces ex-
pression of full-length viral RNA within 
resting CD4+ T cells and provides a 
framework with which to establish an 
optimal dosing schedule for the drug. 

An important consideration in de-
veloping strategies to eradiate the la-
tent viral reservoir by reactivation is 
the expectation that viral cytopathic ef-
fects or immune surveillance would ac-
celerate destruction of the reactivated 

cell. Abstract 153 examined the ability 
of CD8+ cells to kill latently infected 
resting T cells that were treated with 
vorinostat in vitro. CD4+ cells were 
obtained from patients on suppres-
sive antiretroviral therapy and were 
used to generate latent infection in 
vitro. Cells were then reactivated with 
vorinostat—of the 1% to 3% of cells 
in latent infection, the majority were 
reactivated with treatment. Autologous 
CD8+ cells were then obtained from 
the same patients and cocultured with 
SAHA-reactivated cells at a 1-to-1 ra-
tio. CD8+ cells from an elite control-
ler with a high level of cytotoxic T-cell 
activity efficiently killed HIV-1-infected 
cells over an 8-day interval. However, 
CD8+ T cells from patients receiving 
antiretroviral therapy did not effec-
tively kill latently infected T cells after 
virus reactivation. Furthermore, there 
was no obvious cytopathic effect in 
these cultures. Stimulation of patient 
CD8+ cells with HIV gag peptides 
enhanced the CTL responses and led 
to killing of vorinostat-treated cells. It 
should be noted that latently infected 
cells were transduced with Bcl-2 in or-
der to maintain their viability, but this 
could also have affected their suscep-
tibility to cytopathicity and CTL lysis. 
Nevertheless, Bcl-2 transduced cells 
died when virus was reactivated by 
CD3/CD28 co-stimulation. These so-
bering data suggest that reactivation of 
viral latency in vivo will be insufficient 
to accelerate the death of the reacti-
vated cell and will require additional 
measures to boost cytotoxic T-cell re-
sponses in patients undergoing purg-
ing protocols to eliminate the latent 
reservoir. 

Despite these apparent setbacks, 
the field of research in viral reservoirs 
is engendered with a sense of purpose 
in pursuing strategies that will achieve 
viral eradication. Ultimate success will 

depend on a complete understanding 
of the nature of the viral reservoirs 
that persist in the face of antiretroviral 
therapy, and that understanding will 
inform the most effective strategies to 
eliminate those reservoirs.
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Neutralizing Antibodies and 
the Structure of the Envelope 
Glycoprotein

Burton opened the conference with 
his delivery of the 17th Bernard Fields 
lecture, in which he gave a tongue-in-
cheek discussion of the state of the de-
velopment of an antibody-based vac-
cine (Abstract 15). He used a Tootsie 
Pop as an example of the envelope 
spike. To get to the chocolate inside 
the candy, one has to get through a 
sugar coating. He used the tongues 
of several British scientists to dem-
onstrate how a neutralizing antibody 
might bind to the envelope spike and 
access the chocolate. Though unortho-
dox, the demonstration was unques-
tionably tasteful.

Burton then showed his more seri-
ous side with models of the trimeric 
gp120 structure and its glycan shield. 
Because of the enormous diversity 
of the envelope protein, the task of 
making an antibody-based vaccine 
will be difficult. However, there have 
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The 19th Conference on Retroviruses and Opportunistic Infections heralded 
the arrival of a new crop of potent, broadly neutralizing antibodies against 
HIV. This advance has given the entire vaccine field enormous hope that 
it will be possible one day to develop an antibody-based vaccine for HIV. 
However, substantial obstacles still exist in the induction of these antibodies 
by vaccination, given the enormous number of somatic mutations needed 
to develop these highly efficient antibodies. It is likely that follicular helper 
T cells will be involved in the development of these antibodies, and this will 
be a key area of interest in the future. Cellular immune responses will also be 
an important part of any vaccine regimen. Evidence showed that protection 
provided by an attenuated vaccine correlated with the frequency of vaccine-
induced helper cells and killer cells, underlining the importance of these 
key immune cells. An alternative approach to the development of potent 
neutralizing antibodies was presented as part of an update on the Thai Phase 
lll Vaccine Trial RV144. Data were shown suggesting that binding antibodies 
may play a role in protection from HIV infection. 

Update on Progress in HIV Vaccine Development
David I. Watkins, PhD

been encouraging developments in 
the definition of new broadly neutral-
izing, potent monoclonal antibodies, 
and Burton showed that we now have 
a new series of such antibodies. These 
will be useful tools for understanding 
the targets of effective neutralizing an-
tibodies and for providing proof that it 
is possible to make a potent, broadly 
neutralizing antibody against HIV. 
However, enormous hurdles still need 
to be surmounted in the area of induc-
ing such antibodies by vaccination. 
Most of these neutralizing antibodies 
have undergone considerable somatic 
mutation to arrive at the final potent 
effector molecules. Determining how 
a vaccine regimen will induce this still 
remains the holy grail of HIV vaccine 
development. Sodroski presented new 
data from single-particle cryoelectron 
microscopy to further elucidate the 
prefusion structure of the trimeric HIV 
envelope glycoprotein (Abstract 76). 

The Emerging Importance of 
Helper T Cells

Renewed interest in the antibody re-
sponse to HIV has spawned several 
new studies of the helper-cell subset 

that is thought to be crucial in the de-
velopment of these responses: follicu-
lar helper T cells. Koup’s group present-
ed preliminary data on the description 
of this cell type in macaques (Abstract 
42). This was followed by a parallel 
presentation describing these cells in 
humans by Streeck’s group (Abstract 
43). Ranasinghe (from Streeck’s group) 
also presented interesting data related 
to the role of major histocompatibil-
ity complex (MHC) class II molecules 
in viral suppression in humans (Ab-
stract 44). After extensive mapping of 
the targets of CD4+ cell responses in 
humans, the group’s studies revealed 
that numerous MHC class II molecules 
could bind several different HIV-de-
rived peptides. Interestingly, the MHC 
class II molecules that bound the most 
HIV-derived peptides were correlated 
with lower plasma HIV RNA levels. 
This interesting observation suggests 
that MHC class II-restricted CD4+ cell 
responses may play a crucial role in 
controlling viral replication.

Clues from the Attenuated 
Vaccine 

New data from the Picker group showed 
that the magnitude of CD8+ and CD4+ 
Simian Immunodeficiency Virus(SIV)-
specific T cells induced by live attenu-
ated virus (LAV) vaccination correlated 
with a better outcome after pathogenic 
viral challenge (Abstract 92). Further-
more, the number of these vaccine-
induced T cells in the lymph nodes 
proved to be the best predictor of suc-
cessful control of the challenge virus. 
Vaccine-induced lymph node CD8+ 
T cells had an activated effector phe-
notype and seemed to be maintained 
by virus replicating in programmed 
death-1 (PD-1) high CD4+ memory T 
cells in the lymph nodes. LAV could be 
readily detected in PD-1 high CD4+ 
cells during the vaccine phase. These 
lymph node T-cell responses, therefore, 
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appeared to be the key to controlling 
pathogenic virus replication soon after 
intravenous challenge.

RV144 Vaccine Trial

In contrast with the notion that neu-
tralizing antibodies are required for 
protection, the results of the Thai 
Phase lll Vaccine Trial (RV144) suggest 
that vaccine-induced antibodies that 
bind, but do not neutralize, can make 
a difference in protection against HIV. 
Michael presented results from the 

correlation analysis of the RV144 trial 
(Abstract 167). Six different aspects of 
the vaccine-induced immune respons-
es in 205 uninfected vaccinated indi-
viduals were compared with immune 
responses from 41 infected vaccinees. 
The results suggested that antibody 
responses against the viral envelope 
may have been involved in the bor-
derline protection observed. Michael 
presented new monoclonal antibodies 
that had been isolated from these vac-
cinees and showed that they had tier 
1 neutralizing abilities and antibody-

dependent cellular cytotoxicity activ-
ity. Future studies will include testing 
these monoclonal antibodies in pas-
sive transfer studies in macaques. 
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Antiretroviral Strategies for HIV 
Prevention

Antiretroviral Therapy

Following the announcement last year 
of the dramatic reduction in hetero-
sexual transmission when antiretro-
viral therapy is initiated early in the 
course of HIV infection,1 a great deal 
of attention was focused on using an-
tiretroviral therapy as a method of re-
ducing HIV infection rates at a popula-
tion level at the 2012 Conference on 
Retroviruses and Opportunistic Infec-
tions (CROI). El-Sadr reviewed recent 
data demonstrating both the promise 
and the challenges of using antiretro-
viral therapy for HIV prevention (Ab-
stract 18). She displayed gaps in the 
continuum of care from HIV diagnosis 
to linkage to care, retention in care, 
uptake of antiretroviral therapy, and 

Dr Buchbinder is director of the HIV Re-
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Antiretroviral therapy has tremendous potential to alter the HIV-1 epidemic 
trajectory. However, gaps in the continuum from HIV diagnosis, through 
linkage to care and uptake and adherence to antiretroviral therapy, are 
substantially limiting to the actual impact. In the United States, gaps in HIV 
diagnosis and care are greatest among African Americans, substance users, 
and persons living below the poverty line. Globally, HIV diagnosis rates are 
highest in women, but HIV incidence may be declining more rapidly in men, 
due to lower transmission rates from female partners and greater uptake 
of medical male circumcision. The 2012 Conference on Retroviruses and 
Opportunistic Infections explored gaps in the continuum of care and potential 
strategies to address them, and also addressed the disparate results from 
preexposure prophylaxis efficacy trials. The role of injectable contraceptives 
in increasing the risk of HIV acquisition in women was debated, as was the 
potential harm that could arise from limiting this contraceptive method due 
to increased maternal mortality. Similarly, the potential benefits and harms 
of serosorting were explored. Investigators explored scale-up of prevention 
strategies to have the biggest and most cost-effective impact on the global 
epidemic. 

Antiretroviral Use for Prevention and Other Factors 
Affecting the Course of the HIV-1 Epidemic
Susan P. Buchbinder, MD

suppression of viral load. In the United 
States, it is estimated that only 28% of 
HIV-1 infected persons have fully sup-
pressed viral loads. In Mozambique, 
there are similar challenges with gaps 
in each step in the continuum of care. 
In one study, only 5% of 7000 HIV-
seropositive persons had fully sup-
pressed viral loads; this study did not 
take into account the large proportion 
of HIV-infected persons who may not 
yet be diagnosed. Other troubling data 
from Mozambique showed that 43% 
of those diagnosed with HIV were not 
enrolled in care, and 69% of persons 
eligible for antiretroviral therapy did 
not initiate treatment. 

El-Sadr reviewed innovative strate-
gies for addressing gaps at each stage 
in the continuum of care. Home-based 
voluntary HIV testing, in which health 
workers go door to door to offer HIV 
antibody testing, has been shown to in-
crease the uptake and efficiency of HIV 
testing, uncovering a larger number of 
HIV-infected individuals than clinic-
based strategies. HIV self-testing was 
shown to be accurate and highly ac-
ceptable in a study in Malawi. Couples-

based HIV testing is another approach 
to delivery of testing. To enhance link-
age to care, point-of-care CD4+ test-
ing—particularly when paired with 
home-based testing—doubled the 
rate of uptake of antiretroviral therapy 
among eligible HIV-seropositive per-
sons. However, a sizeable proportion 
of persons do not remain in care, and 
even if in care, some may not opt to 
take antiretroviral therapy. In a study 
of more than 7000 patients tested for 
HIV in South Africa, 35% were HIV-se-
ropositive. Of the 743 patients eligible 
for antiretroviral therapy, 20% repeat-
edly refused treatment, despite a me-
dian CD4+ count of 110 cells/µL for the 
eligible group. The most common rea-
son for refusal was the statement that 
the person was feeling well, suggesting 
additional education on the benefits of 
antiretroviral therapy among asymp-
tomatic persons may be needed. 

Failure to remain in care has ham-
pered efforts to control the epidemic. 
In a meta-analysis of 36 African co-
horts reviewed by El-Sadr, retention 
on antiretroviral therapy was 86% at 
6 months but only 72% at 36 months. 
Although this rate of retention in ther-
apy is higher than published data from 
North America, additional work must 
be done to improve the health of HIV-
infected persons and decrease the risk 
of transmission to their uninfected 
partners. Text messaging has been 
used successfully in Kenya to modest-
ly improve adherence to antiretroviral 
therapy and, in some cases, result in 
full viral suppression. Use of commu-
nity treatment groups, in which one in-
dividual collects medications for other 
members of the group, has resulted in 
very low rates of attrition and excellent 
health outcomes. To obtain maximal 
individual and societal benefits from 
antiretroviral therapy, El-Sadr proposes 
that efforts focus on several different 
populations. Persons with the lowest 
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CD4+ cell counts may benefit most 
from early treatment, and the risk 
of HIV transmission among persons 
with low CD4+ cell counts appears to 
be substantially higher than the risk 
among persons with higher CD4+ cell 
counts. Given the HPTN (HIV Preven-
tion Trials Network) 052 results,1 treat-
ment for HIV serodiscordant couples 
may be particularly effective. One 
strategy to efficiently identify serodis-
cordant couples is to test the partners 
of identified HIV-infected persons, as 
approximately half will have an HIV 
uninfected partner. HIV-seronegative 
pregnant women are at 4-fold higher 
risk of acquiring HIV infection than 
non-pregnant women, suggesting that 
particular attention should be focused 
on testing the male partners of preg-
nant women and offering treatment as 
necessary. 

There are few data available about 
the effectiveness of antiretroviral ther-
apy on HIV acquisition at a population 
level. Tanser and colleagues presented 
data from the Africa Centre for Health 
and Population Studies, a rural research 
community in Hlabisa, South Africa, 
that uses a unique population-level 
tracking of antiretroviral therapy up-
take and HIV seroincidence (Abstract 
136LB). The investigators demonstrat-
ed a strong dose-response relationship 
between antiretroviral therapy cover-
age and reduction in HIV acquisition. 
In geographic areas with 20% to 30% 
antiretroviral therapy coverage, HIV ac-
quisition rates were 22% lower than in 
communities with lower rates of cov-
erage. For communities with 30% to 
40% coverage, HIV incidence was 38% 
lower. Future community randomized 
clinical trials will provide additional 
data on population-level impact of 
treatment as prevention. 

Preexposure Prophylaxis

A major focus of this year’s conference 
was preexposure prophylaxis (PrEP), 
which uses antiretrovirals in HIV-unin-
fected persons to lower the risk of HIV 
acquisition. Clinical trials to date have 
used either tenofovir disoproxyl fu-
marate with or without emtricitabine. 
New results were released from several 

PrEP efficacy trials at CROI 2012. 
To date, there has been only one ef-

ficacy trial of PrEP in MSM: the iPrEx 
(Chemoprophylaxis for HIV Prevention 
in Men) study, which was conducted in 
North and South America, Africa, and 
Asia. Most recently, Grant reported a 
42% reduction in the risk of HIV acqui-
sition through the end of study follow-
up.2 At CROI 2012, Anderson and col-
leagues presented data on iPrEx and 
the Strand study, a trial of tenofovir 
levels in peripheral blood mononuclear 
cells (PBMCs) when tenofovir was ad-
ministered 2, 4, or 7 days per week un-
der directly observed therapy (Abstract 
31LB). In the Strand study, all partici-
pants receiving tenofovir had detect-
able drug in their PBMCs at the end of 
a 6-week course of the drug, regard-
less of randomization arm. In contrast, 
only 8% of participants in the iPrEx 
trial who were randomized to the em-
tricitabine/tenofovir arm who became 
HIV-1-infected had detectable drug at 
the time HIV infection was diagnosed, 
suggesting a high proportion were 
non-adherent or incompletely adher-
ent to the daily regimen. Anderson 
then modeled the efficacy of different 
dosing regimens by combining data 
from iPrEx and Strand and concluded 
that 4 or more doses per week would 
be associated with a greater than 90% 
reduction in HIV acquisition. However, 
the drug levels used to model these ef-
ficacy thresholds were based on data 
from dosing delivered under direct ob-
servation; efficacy would be projected 
to be lower with lower levels of adher-
ence expected from unobserved dos-
ing. Furthermore, these models use 
data from men who have sex with men 
(MSM); additional data are needed to 
confirm these findings and extrapolate 
to other populations.

Disparate results have been report-
ed from PrEP efficacy trials in hetero-
sexuals. Several presentations focused 
on the potential reasons for these re-
sults. Baeten and colleagues presented 
an update on the Partners PrEP study, 
an efficacy trial of daily oral tenofo-
vir, emtricitabine/tenofovir, or placebo 
in 4758 serodiscordant heterosexual 
couples in Kenya and Uganda (Ab-
stract 29). Final analysis of data from 

the pre-unblinding phase of this study 
confirmed high levels of efficacy in 
reducing HIV infections in the tenofo-
vir (efficacy 67%; 95% confidence in-
terval [CI], 44%-81%) and the emtric-
itabine/tenofovir (efficacy 75%; 95% 
CI, 55%-87%) arms. There were no 
statistically significant differences in 
efficacy between the 2 active medica-
tions, nor between women and men. 
Both drug regimens appeared safe and 
well-tolerated. Donnell and colleagues 
from the same study reported on the 
relative risk reduction associated with 
detectable tenofovir levels in women 
and men randomized to receive active 
drug who became infected, compared 
with those who remained uninfected 
(Abstract 30). Overall, 82% of the unin-
fected participants had detectable drug 
in plasma, a statistically significantly 
higher proportion than that among 
participants who became infected. 
Donnell calculated 86% and 90% rela-
tive risk reduction of HIV acquisition 
among those with detectable drug in 
the tenofovir and emtricitabine/tenofo-
vir arms, respectively.

In the same session, Van Damme 
and colleagues presented data on the 
FEM-PrEP (Study to Assess the Role 
of Truvada in Preventing HIV Acquisi-
tion in Women) trial, a study of 2120 
enrolled women at risk of HIV acqui-
sition in Tanzania, Kenya, and South 
Africa (Abstract 32LB). This study was 
stopped early because the Data and 
Safety Monitoring Board (DSMB) de-
termined that it was unlikely that effi-
cacy would be demonstrated. This was 
the first scientific presentation of data 
from this study. In total, there were 68 
post-enrollment infections, with 33 in 
the active treatment arm (receiving 
emtricitabine/tenofovir), and 35 in the 
placebo arm. One likely contributor 
to the lack of efficacy seen in this trial 
was the low rate of adherence to the 
study drug, although the magnitude of 
this factor is as yet unknown. Although 
95% of the women reported that they 
always or usually took their study drug, 
only 26% of those who became infect-
ed and 35% of those who remained 
uninfected had detectable tenofovir in 
stored plasma specimens from their 
last preseroconversion time point. 
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Baeten discussed hypotheses for 
the difference in results between these 
studies (Abstract 67). He pointed out 
that 3 studies of oral tenofovir/em-
tricitabine (iPrEx, Partners PrEP, and 
TDF2 [FHI TDF West African trial]) and 
one of vaginal tenofovir gel (CAPRISA 
[Centre for the AIDS Programme of 
Research in South Africa] 004) have 
demonstrated efficacy in preventing 
HIV infection in MSM and heterosexu-
als, and 2 studies, 1 of oral tenofovir/
emtricitabine (Partners PrEP) and 1 of 
vaginal tenofovir gel (VOICE [Vaginal 
and Oral Interventions to Control the 
Epidemic]), have not demonstrated ef-
ficacy in preventing HIV infection in 
women. Baeten categorized potential 
explanations as statistical, biologic, 
or behavioral, ruling out the first ex-
planation based on the robustness of 
evidence from the trials that demon-
strated efficacy. Potential biologic ex-
planations for the lack of efficacy with 
oral PrEP include cofactors that could 
lower the threshold for infection, even 
in the presence of PrEP, such as sexu-
ally transmitted infections (STIs), geni-
tal inflammation, intravaginal practic-
es, or the incidence of acute infection 
in partners. All of these cofactors may 
have been higher in the negative than 
in the positive trials. Potential biologic 
explanations for disparities in results 
of vaginal tenofovir gel may be related 
to dosing schedules. Whereas tenofovir 
was prescribed pericoitally in CAPRISA 
004, it was recommended for daily 
use in VOICE. It is possible that these 
higher levels of this hyperosmolar vag-
inal gel could have caused epithelial 
disruption, overwhelming any poten-
tial efficacy of the drug. Adherence is 
frequently cited as a potential behav-
ioral factor causing divergent results 
in different trials. This is supported by 
data from each of the positive trials 
that link higher level of adherence to 
greater degree of efficacy. Baeten em-
phasized that additional investigation 
is required to determine whether and 
to what extent each of these possible 
explanations contributed to different 
outcomes in different trials.

In the same session, Buchbinder 
presented what is known about the 
potential for intermittent dosing of 

PrEP (Abstract 68). She pointed out 
that, although treatment of HIV-se-
ropositive persons may substantially 
lower the risk of HIV transmission, 
there have been substantial challenges 
in the United States and globally with 
HIV testing, linkage to care, and uptake 
and adherence to antiretroviral thera-
py, as outlined in El-Sadr’s presenta-
tion described above. The best way 
to substantially reduce HIV infections 
globally involves treatment as well as 
prevention, and PrEP may play a role 
in this effort. She reviewed 4 types of 
“intermittent PrEP”: (1) fixed dosing 
(on a regular schedule, but less than 
daily); (2) event-based dosing (perico-
itally); (3) combined fixed and event-
based dosing (regular dosing less than 
daily, with postcoital doses to augment 
drug levels); and (4) periodic dosing 
(daily dosing, but only during periods 
of risk). Less than daily dosing has the 
potential to reduce cost and toxicity, as 
well as improve adherence and tolera-
bility. Potential downsides of less than 
daily dosing include increased poten-
tial for antiretroviral drug resistance, 
decreased efficacy, and potential wors-
ening of adherence or tolerability. After 
reviewing what is known to date about 
these issues, she pointed out that all 
PrEP regimens require ruling out HIV 
infection before (re)initiation of PrEP, 
and monitoring for renal toxicity on 
an ongoing basis. Fixed intermittent 
dosing may be feasible for preventing 
HIV infection, given data from trials 
indicating that high levels of efficacy 
may be achievable with less than daily 
dosing. However, the substantial haz-
ard with fixed intermittent dosing is 
that, if doses are missed, there is less 
“forgiveness,” and drug levels may not 
be sufficient to prevent infection. She 
posited that episode-driven regimens 
may be successful if they are built into 
all sexual acts (eg, microbicides), but 
are unlikely to be successful if they 
are not, because individuals may not 
leave adequate time before sexual ex-
posure to take PrEP, and may not rec-
ognize which sexual episodes contain 
risk. She noted the questions about the 
likely success of intermittent PrEP, and 
suggested that long-acting agents and 
extended delivery methods may obvi-

ate the need for intermittent PrEP.

Microbicides

Delivering antiretrovirals topically (eg, 
microbicides) rather than systemi-
cally (eg, oral PrEP) has the potential 
to increase drug levels at the locations 
where infection occurs, while also re-
ducing the risk of systemic toxic ef-
fects. On the other hand, because 
tenofovir may be detectable in cervi-
covaginal lavage fluid (CVL) for up to 
30 days after vaginal administration, 
there is concern that resistance to te-
nofovir could emerge in the vaginal 
compartment, either during the “tail” 
of tenofovir postdosing, or when teno-
fovir is delivered postinfection but pri-
or to diagnosis. Johnson presented the 
results of sensitive resistance screen-
ing of HIV-1 from genital tract samples 
of women participating in the CAPRISA 
004 efficacy trial, on behalf of Wei and 
colleagues (Abstract 33). In this trial of 
899 women enrolled in South Africa, 
topically administered 1% tenofovir gel 
was associated with a 39% reduction 
in HIV-1 infection rates (95% CI, 6%-
60%). This trial used a “BAT 24” dos-
ing regimen. Women were instructed 
to use the gel within 12 hours Before 
and up to 12 hours After sexual inter-
course, but no more than Twice per 
24-hour period. As in previously de-
scribed studies of oral tenofovir, effica-
cy in this microbicide trial was highly 
associated with adherence. Only 40% 
of women who became HIV-infected 
had any tenofovir detectable in CVL 
specimens at the seroconversion visit, 
compared with 96% of the women re-
maining uninfected. No tenofovir re-
sistance was detected in the plasma 
of infected women from the CAPRISA 
004 trial. In evaluating tenofovir resis-
tance in CVL specimens, only 3 of the 
21 specimens with detectable HIV-1 
had detectable tenofovir, and only 1 of 
these had a K65R mutation detectable. 
The woman with the K65R mutation 
had very high levels of tenofovir and 
recent HIV infection; the investigators 
suggested that this indicated that te-
nofovir was administered shortly after 
infection. None of the resistant virus 
was detectable in expressed RNA, 
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only in the proviral DNA. Johnson sug-
gested that this implies a low risk of 
resistance emergence in the vaginal 
compartment, but acknowledged that 
these women were closely monitored 
to decrease the likelihood of using the 
gel postinfection.

McGowan and colleagues presented 
data from MTN (Microbicide Trials Net-
work) 007, a randomized controlled 
trial (RCT) of a reduced glycerin (RG) 
formulation of 1% tenofovir gel for rectal 
use (Abstract 34LB). A previous phase 
I study (MTN 006) had demonstrated 
substantial gastrointestinal symptoms 
with a hyperosmolar preparation of 
tenofovir gel (>3000 mOsm/kg). With 
the RG formulation used in the MTN 
007 trial, the osmolarity was substan-
tially reduced, to 836 mOsm/kg, which 
is closer to iso-osmolar levels (290 
mOsm/kg) and therefore potentially 
less likely to induce the abdominal 
pain, bloating, and diarrhea reported 
in the previous study. In MTN 007, 65 
HIV-seronegative men and women 
were randomly assigned to receive a 
single dose followed by 7 consecutive 
daily doses of 2% nonoxynol-9 (N-9), 
the “positive” control; 1% RG tenofovir 
gel; hydroxyethyl cellulose (HEC), the 
placebo; or no product. Tolerability 
was high in all study arms, with rare 
grade 3 symptoms, and rare evidence 
of mucosal toxicity, except in the non-
oxynol-9 arm. McGowan noted sig-
nificant differences in the cytokine/
chemokine profile, T-cell phenotype, 
and rectal microflora between the 
nonoxynol-9 and tenofovir arms, and 
hypothesized that these may contrib-
ute to differences in toxicity profiles 
between these agents.

Making a case for the relevance of 
rectal microbicides for heterosexuals, 
DiNenno and colleagues presented 
data on the prevalence and factors 
associated with unprotected anal in-
tercourse in more than 10,000 hetero-
sexual men and women enrolled in 
the 2010 US National HIV Behavioral 
Surveillance System (NHBS; Abstract 
1100). After excluding persons who 
reported ever having used injection 
drugs, 28% of the remaining women 
and 33% of the remaining men re-
ported heterosexual unprotected anal 

intercourse in the prior 12 months. For 
both men and women, factors associ-
ated with unprotected anal intercourse 
on multivariate analysis were house-
hold income at or below poverty, use 
of noninjection drugs, and exchange of 
sex with their partner. 

New Antiretroviral Agents, New 
Delivery Methods

Romano presented an overview of 
new strategies and agents for oral and 
topical PrEP (Abstract 69). The limita-
tions of the current tenofovir-based 
regimens are that they focus on one 
mechanism of action (ie, reverse tran-
scriptase inhibition), with mixed re-
sults potentially caused by potency or 
adherence issues. The next generation 
of PrEP regimens may include combi-
nation antiretroviral approaches and 
new delivery methods to increase po-
tency and adherence, which could be 
combined with agents to prevent other 
STIs or with contraceptives. Romano 
gave examples of trials focused on HIV 
prevention, including: (1) HPTN 069: 
oral daily regimens of maraviroc (an 
entry inhibitor) with or without em-
tricitabine, tenofovir, or emtricitabine/
tenofovir (a nucleoside analogue re-
verse transcriptase inhibitor [nRTI]); 
(2) MTN-013/IPM (International Part-
nership for Microbicides) 026: com-
bination dapivirine (a nonnucleoside 
analogue reverse transcriptase inhibi-
tor [NNRTI]) and maraviroc delivered 
as an intravaginal ring; and (3) SSAT 
(St Stephen’s AIDS Trust) 040: inject-
able rilpivirine long-acting (NNRTI). Of 
note, Jackson and colleagues reported 
that the rilpivirine long-acting intra-
muscular (IM) injection appeared to be 
safe and well-tolerated when given as 
a single dose, with prolonged plasma 
and genital tract exposure (Abstract 
35). This trial also pointed to the im-
portance of understanding how drugs 
penetrate different genital tract com-
partments. Rilpivirine levels in CVL 
were equal to or higher than plasma, 
levels in rectal tissue were equivalent 
to levels in plasma, and vaginal tis-
sues had somewhat lower levels than 
in plasma. 

Nel and colleagues presented data 

from an RCT of the investigational 
drug dapivirine (TMC120) vaginal mi-
crobicide rings in 280 African HIV–se-
ronegative women (Abstract 1089). In 
this trial, women inserted active or pla-
cebo vaginal rings once every 28 days 
over a 12–week period. Safety was ex-
cellent, with infrequent adverse events 
that were balanced between the 2 
arms. Acceptability was high, with 
more than 90% of women reporting 
no ring removals, and 97% reporting 
comfort and intent to use the vaginal 
ring in the future if safe and effective. 

Non-Antiretroviral Prevention 
Strategies

Medical Male Circumcision

Three previously reported RCTs had 
demonstrated that medical male cir-
cumcision (MMC) resulted in a 50% 
to 60% reduction in HIV acquisition 
among men. No substantial protective 
effect has been seen for the female 
partners of circumcised HIV-infected 
men. Two presentations at this year’s 
conference addressed the population-
level impact of MMC. First, Gray and 
colleagues presented population-level 
data on the impact of voluntary MMC 
on HIV infection rates in Uganda (Ab-
stract 36). Comparing the HIV inci-
dence from the period prior to the 
MMC RCT, during which non-Muslim 
men had very low MMC rates (1999), 
to the period post-trial (2004-2011), 
the study found substantial reductions 
in HIV incidence among non-Muslim 
men, with no corresponding reduction 
among Muslim men or non-Muslim 
women. After adjusting for secular 
changes in the distribution of age and 
sexual risk practices, the study found a 
27% reduction in HIV incidence (95% 
CI, 10%-40%) among non-Muslim men, 
likely attributable to the uptake of MMC. 

Auvert and colleagues measured 
the population-level impact of MMC on 
herpes simplex virus type-2 (HSV-2) in 
Orange Farm, South Africa (Abstract 
37). The prevalence of HSV-2 among 
circumcised men was 16.5% in com-
parison with HSV-2 prevalence of 31% 
among uncircumcised males, leading 
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to a weighted prevalence reduction 
(adjusting for age) of 23% (95% CI, 
9%-35%). This reduction was signifi-
cantly lower than the reduction in HIV 
prevalence (50%; 95% CI, 44%-62%;  
P < .001), suggesting that MMC may 
be more effective in preventing HIV 
than HSV-2 acquisition.

Seroadaptive Sexual Practices

Vallabhaneni and colleagues present-
ed an analysis of the impact of sero-
adaptive practices (changing sexual 
practices based on the perceived HIV 
serostatus of sex partners) on the risk 
of HIV acquisition (Abstract 140). She 
and her colleagues pooled data from 
more than 12,000 HIV-seronegative 
MSM recruited from US or Canadian 
sites, participating in 1 of 4 longitu-
dinal cohort studies conducted from 
1995 to 2007. In this analysis, Val-
labhaneni categorized participants 
for each 6-month interval based on 
their highest reported risk during that 
interval. Seroadaptive practices in-
cluded having unprotected anal sex, 
but with the following limitations (in 
hierarchical order): (1) having only 1 
HIV-seronegative partner, (2) engaging 
only in insertive anal sex with all part-
ners, (3) having only (numerous) HIV-
seronegative partners, and (4) restrict-
ing sexual activity with partners who 
were HIV-seropositive or of unknown 
serostatus to insertive anal sex. A to-
tal of 663 infections occurred during 
more than 60,000 6-month intervals 
of follow-up. Compared with having 
unprotected anal sex without any se-
roadaptive practices, each of the sero-
adaptive practices was associated with 
a lower risk of HIV-1 seroconversion. 
However, compared with reporting no 
unprotected anal sex, serosorting (hav-
ing only HIV-negative partners) was as-
sociated with a doubling of risk, and 
having unprotected anal sex without 
seroadaptive practices with more than 
a 3-fold increased risk. Vallabhaneni 
suggested that seroadaptive practices 
may be recommended as a harm re-
duction strategy for men engaging in 
unprotected receptive anal sex with 
HIV-seropositive partners or partners 
with unknown serostatus. However, 

men should be counseled that sero-
sorting is associated with a doubling of 
risk compared with not reporting any 
unprotected anal sex, and serosorting 
should not be relied upon as a “safe” 
alternative to 100% condom use.

Golden and colleagues reported 
on trends in serosorting and their re-
lationship to HIV, syphilis, and gon-
orrhea incidence over time among 
patients attending the Seattle King 
County Sexually Transmitted Diseases 
(STDs) clinic (Abstract 1092). Both HIV-
seropositive and seronegative men 
have been engaging in statistically sig-
nificantly less serodiscordant unpro-
tected anal sex, but significantly more 
seroconcordant unprotected anal sex 
(serosorting) over time in their clinic. 
These trends correlate with increased 
rates of early syphilis in HIV-seropos-
itive men and gonorrhea in both HIV-
seropositive and -seronegative MSM. 
In accordance with Vallabhaneni’s pre-
viously described results, Golden found 
that HIV-seronegative men reporting 
serosorting were at intermediate risk 
of seroconversion—lower than men 
reporting unprotected anal sex with 
an HIV-seropositive or unknown se-
rostatus partner, but higher than men 
reporting no unprotected anal sex. In a 
separate longitudinal analysis of a co-
hort of almost 800 MSM recruited in 
San Francisco, Vallabhaneni reported 
that 61% of the HIV-seronegative men 
and 35% of the HIV-seropositive men 
said they intended to serosort (Ab-
stract 1093). However, when the men 
who intended to serosort were seen 
6 months after enrollment, HIV-sero-
positive and -seronegative men using 
substances (eg, methamphetamines, 
alcohol, poppers, downers) were statis-
tically significantly more likely to report 
having had unprotected anal sex with 
a partner of unknown or discordant 
serostatus to their own. This highlights 
the role that substance use plays in dis-
inhibition of safer sex plans. 

Heffelfinger and colleagues reported 
on the proportion of HIV-seropositive 
MSM who were unaware of their HIV 
serostatus and risk factors for unpro-
tected anal sex with a potentially se-
rodiscordant partner (Abstract 1091). 
Of the 1562 HIV-seropositive men en-

rolled in the NHBS in 2008, 56% were 
aware of their HIV-seropositive status, 
and 44% were not. Predictors of be-
ing unaware of an HIV-seropositive 
status included being non-white, be-
ing younger than 30 years of age, ever 
having used injection drugs, and sev-
eral measures of lower socioeconomic 
status (eg, being uninsured, having 
less education, and income at or be-
low poverty). Independent predictors 
of engaging in unprotected anal sex 
with an HIV-seronegative or unknown 
serostatus partner were being unaware 
of HIV-seropositive status, binge drink-
ing in the last 30 days, and being US-
born. Freedman and colleagues, us-
ing data from the Medical Monitoring 
Project (MMP) conducted by the US 
Centers for Disease Control and Pre-
vention (CDC), reported that only 5% 
of HIV-infected patients in clinical care 
reporting unprotected sex with an HIV-
seronegative or unknown serostatus 
partner were not virally suppressed 
(Abstract 1090).

Superinfection

Serosorting for HIV-infected persons 
will limit the spread of new HIV infec-
tions, but may also result in increased 
rates of superinfection. This may in 
turn lead to worsened clinical outcome 
in HIV-infected persons. Two presenta-
tions measured rates of HIV-1 super-
infection, based on deep sequencing 
strategies. Redd and colleagues pre-
sented data on superinfection rates 
among men and women within the 
longitudinal cohort in Rakai, Uganda 
(Abstract 58). In the analysis of 149 
participants who seroconverted from 
1997 to 2002 with a follow-up speci-
men available in 2008, 7 superinfec-
tion events were detected. All super-
infection events were observed in the 
gp41 region. All initial infections were 
subtype D, with 3 superinfections be-
ing intersubtype (all type subtype A), 
and the other 4 being intrasubtype. 
The incidence of superinfection 
(1.44/100 person-years) was similar to 
the rate of initial HIV infection in the 
same cohort (1.15/100 person-years). 
Ronen and colleagues presented data 
on superinfection in the Mombasa, 
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Kenya, female sex worker cohort 
(Abstract 59LB). This analysis is still 
underway, with 117 of 149 qualifying 
specimens having been tested. At the 
time of the presentation, the incidence 
of superinfection in this cohort was 
3.25/100 person-years, with HIV inci-
dence in the same cohort of 3.06/100 
person-years. Audience members point-
ed out that these are likely to be un-
derestimates of superinfection, as they 
will not identify transient cases of su-
perinfection or differences that occur 
in regions of the genome that were not 
sequenced. Although previous studies 
suggested that the risk of superinfec-
tion may be greatest soon after HIV 
infection, Ronen’s data captured epi-
sodes that occurred up to 5 years af-
ter initial infection. Both investigators 
have plans to examine the impact of 
superinfection on the clinical course of 
HIV disease. The implication of these 
results for the development of HIV vac-
cines is not yet clear.

Trends in HIV Diagnosis and 
Factors Contributing to HIV 
Outcomes 

HIV Testing

Branson reviewed the current algo-
rithm for HIV testing, pointing to its 
problems (Abstract 114). The current 
testing algorithm has been in use since 
1989 and requires repeat screening 
antibody tests, confirmed by a spe-
cific test, typically a Western blot or 
enzyme immunoassay (EIA). This sys-
tem means that the confirmatory test 
(a first-generation assay) is being used 
to confirm a third- or fourth-generation 
assay, despite the fact that third-gener-
ation assays turn positive on average 2 
weeks earlier than a Western blot, and 
fourth-generation assays 5 days earlier 
than third. Another problem with the 
current algorithm is that it does not 
adequately differentiate HIV-1 from 
HIV-2 infection. NNRTIs and some pro-
tease inhibitors (PIs) are ineffective in 
treating HIV-2 infection, and HIV-2 is 
not detectable with current viral load 
testing. Therefore, HIV-2-infected per-
sons who are treated and monitored 
as though they have HIV-1 infection 

are often not correctly diagnosed un-
til their condition inexplicably dete-
riorates, despite an undetectable viral 
load. In fact, in New York City, 93% of 
HIV-2 cases had been read as HIV-1 
positive on Western blot, as had 60% 
of HIV-2 cases reported to the CDC. 

The CDC and Public Health Labo-
ratories developed a new testing al-
gorithm (Figure 1). In this algorithm, 
patients should be screened with a 
fourth-generation HIV-1/2 immunoas-
say. If that test is negative, patients are 
determined to be negative for both an-
tibody and p24 antigen. Positive tests 
are then tested using an assay to dif-
ferentiate IgG for HIV-1 from HIV-2. 
This will confirm a positive result. If 
this confirmatory test is negative, RNA 
testing is done to detect acute HIV-1 in-
fection. If negative, HIV-1 infection has 
been ruled out. The new algorithm has 
been validated to be both more sensi-
tive and more specific than the current 
algorithm, and to produce fewer inde-
terminate test results. This leads to yet 
another benefit: the current algorithm 
can take days to weeks to produce a 
definitive diagnosis, but running a test 
through the new algorithm can provide 
definitive results within 2 hours.

In the same session, Sullivan provid-
ed an overview of what is known about 
the impact of disclosure of serostatus 
to one’s sexual partners (Abstract 117). 
He differentiated 3 types of disclosure. 

Firstly, for newly HIV-diagnosed indi-
viduals, partner notification by health 
departments has been shown to iden-
tify other HIV-seropositive persons 
who were unaware of their HIV infec-
tion. Most data suggest that health 
care practitioners play an important 
role in successful notification; individ-
uals notify substantially fewer partners 
without the help of a practitioner, even 
when the newly diagnosed person has 
access to other tools, such as online 
anonymous notification. Secondly, 
in evaluating strategies to reduce the 
risk of HIV transmission from known 
HIV-infected persons, data show that 
knowledge of HIV-seropositive sta-
tus is the most important predictor 
of safer sex practices. The benefits of 
disclosure per se are not consistently 
documented. Finally, Sullivan pointed 
to the potential hazard of serodisclo-
sure of HIV-seronegative status to sex 
partners, if that encourages persons 
to have unprotected sex with others 
also believed to be HIV-seronegative. 
Several studies have demonstrated 
the important role of presumed HIV-
seronegative partners in driving new 
infections, as some of these partners 
are newly infected and therefore may 
be highly infectious. Sullivan closed 
with promising data on the potential 
role of voluntary couples-based coun-
seling and testing as a way to disclose 
serostatus within a partnership and  

A1: Fourth generation HIV-1/ HIV-2 immunoassay

HIV-1/HIV-2 discriminatory immunoassay 

A1+                          A1-                                                    

A2                          
Negative for HIV-1 and HIV-2

Ab and p24 Ag

HIV-1 antibodies 
detected

initial care and
viral load

initial care

HIV-2 antibodies 
detected

Acute HIV-1 infection Negative for HIV-1 

HIV-1 +                          HIV-2 +                          HIV-1 & HIV-2 (-)                          

NAAT                          

NAAT+                          NAAT (-)                          

initial care

Figure 1. HIV Testing Algorithm from the 2010 Centers for Disease Control and Pre-
vention American Public Health Laboratories HIV Diagnostic Conference. Ab indi-
cates antibody; Ag, antigen; NAAT,  nucleic acid amplification test. 

Buchbinder(5-22-12).indd   37 6/1/12   6:18 PM



IAS–USA        Topics in Antiviral Medicine

38

encourage strategies to reduce the risk 
of HIV transmission.

McNairy introduced a themed dis-
cussion session focused on novel test-
ing and linkage to care (Session 29). 
She pointed to the differences in HIV 
diagnosis rates in the United States 
(now up to 80%) compared with re-
source-limited settings (estimated at 
less than 40%). There is substantial 
heterogeneity in the proportion of di-
agnosed persons who are linked to 
care. In the United States, estimates 
range from 69% to 77%, and in re-
source-limited settings, they range 
from 33% to 88%. Two presentations 
focused on new strategies to provide 
HIV testing outside of clinical care set-
tings. Katz and colleagues presented 
on the acceptability and ease of use 
of home self-testing among MSM in 
Seattle (Abstract 1131). Of 133 partici-
pants enrolled to date, 89% stated that 
they would test more frequently if the 
home test were available. Cost of the 
test was a determinant of whether or 
not the person anticipated testing at 
all, as well as the frequency of test-
ing; more than half of the participants 
stated that they would only pay $20 or 
less for a test kit. More than 90% of the 
men stated that the oral fluid-based 
self-test kit was easy to use. Katz also 
described a case of a participant who 
tested a sex partner (despite all par-
ticipants being instructed not to test 
partners); the sex partner was newly 
diagnosed by this test as HIV-seropos-
itive. The HIV-seropositive sex partner 
stated to the clinic staff that he thought 
it was acceptable to learn of his HIV 
status in that way. He waited 2 months 
before seeking confirmatory testing, 
but stated that knowledge of his pos-
sible HIV-seropositive status motivated 
him to use condoms with his sex part-
ners.

Van Rooyen and colleagues present-
ed data from a study of home-based 
voluntary counseling and testing, 
combined with point-of-care CD4+ 
testing in KwaZulu-Natal, South Africa 
(Abstract 1135). Their team was able 
to perform HIV testing on 91% of the 
adults living in the targeted house-
holds. Of the 673 men and women 
tested, nearly 32% were being tested 

for the first time. Test results showed 
30% were HIV-seropositive, of whom 
37% were newly diagnosed. Median 
CD4+ count at diagnosis was 425 cells/
µL, substantially higher than reported 
in clinic-based testing. By 3 months af-
ter testing, 88% of the HIV-seropositive 
men and women were linked into care. 
Fatch and colleagues evaluated factors 
associated with never having received 
an HIV antibody test in rural Uganda 
(Abstract 1137). Overall, 60% of the 
populations sampled had never been 
HIV tested. Lower socioeconomic sta-
tus (eg, lack of education, low income) 
was significantly associated with lack 
of testing for both men and women. 
Women were also at increased risk if 
they suffered from food insecurity or 
drank alcohol.

HIV-Related Disparities in the United 
States

Several abstracts focused on temporal 
trends in receipt of medical care, an-
tiretroviral therapy, and clinical out-
comes. Hogg and colleagues reported 
on data from the NA-ACCORD (North 
American AIDS Cohort Collaborative 
on Research and Design) (Abstract 
137). They noted increases in total life 
expectancy for HIV-infected 20-year-
olds from 54 years to 67 years in the 
period from 1996 to 2007. Total life ex-
pectancy for HIV-seronegative persons 
in North America was approximately 
80 years. Factors associated with lower 
life expectancy for HIV-infected per-
sons included African American race, 
injection drug use, and lower CD4+ 
cell count. There were no substantial 
differences in life expectancy between 
HIV-infected men and women. 

Skarbinski and colleagues at the 
CDC reported data from the MMP, a 
probability-based estimate from 23 US 
cities, states, and territories to estimate 
the proportion of HIV-seropositive per-
sons in care who are on antiretroviral 
treatment and virally suppressed (Ab-
stract 138). From these data, research-
ers estimated that 89% of HIV-infected 
persons in the United States who are 
in care have been prescribed antiret-
roviral therapy in the previous year, 
and 72% are virally suppressed. In a 

multivariate model, factors associated 
with lower rates of treatment included 
younger age (18 years–29 years), be-
ing black, being a woman who has sex 
with men, having a more recent HIV 
diagnosis, or having a higher CD4+ 
cell count. Factors associated with lack 
of viral suppression included younger 
age (18 years–49 years), being black 
or of “other” race, having CD4+ count 
greater than 500 cells/µL, and having 
income at or below the poverty line. 
Presenters also estimated that expand-
ing national guidelines for initiating 
antiretroviral therapy to all HIV-infect-
ed patients would only increase the 
proportion of persons in care on anti-
retroviral therapy by 3%. The conclu-
sion from these data was that gaps in 
effective treatments exist for particu-
lar subpopulations (eg, young, black, 
women who have sex with men, and 
persons of low socioeconomic status). 
These disparities must be addressed, 
and increasing awareness of HIV se-
rostatus, linkage to care, and retention 
in care need to be addressed as well. 

Truong and colleagues also noted 
disparities in early antiretroviral initia-
tion among patients in San Francisco, 
as measured through a citywide sur-
veillance unit (Abstract 139). In 2010, 
the San Francisco Department of 
Public Health and the Positive Health 
Program of the San Francisco General 
Hospital recommended that all HIV-
infected patients be offered antiret-
roviral therapy, regardless of CD4+ 
cell count. Truong documented the 
substantial increase in earlier diagno-
sis and treatment of HIV-seropositive 
persons in San Francisco from 2004 
to 2010. The most dramatic change in 
2010 was in the proportion of persons 
initiating antiretroviral therapy at the 
time of diagnosis. The mean difference 
in CD4+ count between diagnosis and 
treatment was 44 cells/µL in 2009 and 
7/µL in 2010. However, substantial dis-
parities were noted in the proportion 
not receiving antiretroviral therapy, 
with lower proportions among young-
er HIV-seropositive persons, non-white 
races, those with income at or below 
the poverty line, and persons not hav-
ing private insurance. 

Millett built on his earlier work by 
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presenting a meta-analysis of racial 
disparities in HIV risk, infection, and 
care among MSM in the United States 
(Abstract 1094). He and colleagues 
reported data from more than 145 
US studies that included more than 
150,000 black MSM and more than 
500,000 MSM of other races. Despite 
reporting substantially significantly 
fewer male sex partners, less sub-
stance use, and similar rates of part-
ner concurrency and serodiscordant 
unprotected anal sex compared with 
other MSM, black MSM were found to 
have double the risk of HIV infection. 
Among MSM with known HIV infec-
tion, black MSM reported fewer clinical 
visits, less antiretroviral therapy utiliza-
tion, lower antiretroviral therapy ad-
herence, and lower CD4+ cell counts 
than other MSM. Among MSM less 
than 30 years old, black MSM reported 
earlier sexual debut, and greater like-
lihood of having older male sex part-
ners or having been sexually abused as 
a child. Millett pointed to the need to 
move beyond risk-based interventions 
in black MSM populations and address 
structural issues, engagement in care, 
and intergenerational sex. 

Trends in the Global HIV Epidemic

Wawer and colleagues presented data 
on temporal trends in HIV incidence, 
prevalence, and prevention services 
in Rakai, Uganda, from 1994 through 
2011 (Abstract 141). In parallel with the 
rise in uptake of antiretroviral therapy 
and MMC after 2005, there was an 
overall steep decline in HIV incidence 
and a lesser decline in HIV prevalence. 
The decline in incidence was greater in 
men than in women (10-fold vs 2-fold, 
respectively). Moreover, although HIV 
prevalence in men has leveled off in 
recent years, HIV prevalence in women 
appears to be rising. Wawer highlight-
ed 2 possible explanations for these 
sex-based differences. MMC reduces 
HIV incidence primarily in men. Anti-
retroviral therapy uptake is greater in 
women than men, leading to a more 
substantial reduction in transmission to 
male partners, but an increased life 
expectancy for women, compared with 
men. In combination, antiretroviral 

therapy and MMC would likely lead to 
a greater decline in HIV incidence in 
men, with the rising prevalence of HIV 
in women reflecting decreased mortal-
ity rates. Wawer ended by pointing out 
the substantial deficit in delivery of ser-
vices to all who need them in Rakai, 
and argued that these population-level 
benefits of antiretroviral therapy and 
MMC make increased provision of ser-
vices imperative. 

Justman presented data on behalf 
of Nkambule and colleagues on the 
SHIMS (Swaziland HIV Incidence Mea-
surement Survey), conducted in 2011, 
which compared HIV prevalence with 
levels measured in 2005 (Abstract 
142). HIV prevalence in 2011 was high-
est among men aged 35 years to 39 
years (48%) and women aged 30 years 
to 34 years (54%). Age-specific preva-
lence appears to have declined for 
younger ages and increased at older 
ages in both men and women. Just-
man and colleagues hypothesized that 
this may reflect increased uptake of 
antiretroviral therapy, with the result-
ing declines in HIV incidence reflected 
particularly among younger persons, 
and increased survival rates among 
older persons.

Injectable Hormonal Contraception

Similar to the literature, this year’s 
CROI presented conflicting data on the 
impact of injectable hormonal contra-
ception (IHC) on the risk of HIV acquisi-
tion. McCoy and colleagues presented 
data on the impact of different types 
of hormonal contraception on the risk 
of HIV acquisition (Abstract 20LB). Mc-
Coy performed her secondary data 
analysis on the MIRA (Methods for Im-
proving Reproductive Health in Africa) 
study, a randomized controlled efficacy 
trial of the use of a diaphragm and lu-
bricant gel on reducing the risk of HIV-
1 acquisition. In this analysis of 4866 
women, the use of IHC was associated 
with a 37% increase in the risk of HIV-
1 acquisition; oral contraceptives had 
no effect on HIV-1 acquisition. The 
mechanism for this increased risk is 
not clear, and the increased risk could 
not be attributed to a specific type 
of injectable hormonal contraceptive.  

McCoy presented data from a large 
number of studies analyzing the ef-
fects of contraception on HIV acquisi-
tion rates, which show a trend toward 
increased risk of HIV-1 acquisition as-
sociated with use of IHC. However, a 
number of other studies have found 
no such association. At the confer-
ence, Lutalo and colleagues presented 
data on more than 500 serodiscordant 
heterosexual couples in Rakai, Ugan-
da, in 288 of which the woman was 
the HIV-1-uninfected partner (Abstract 
563). The study found no evidence of 
increased HIV acquisition risk associ-
ated with use of IHC, either overall or 
stratified by type of injectable. 

Butler and colleagues addressed the 
potential benefits and risks of reducing 
IHC use globally (Abstract 1074). The 
study compared the potential benefit 
of reduced HIV-1 infections with the 
increased rates of pregnancy and ma-
ternal deaths likely to result from sub-
stituting other forms of contraception. 
The analysis found that only southern 
African countries where IHC could be 
contributing substantial numbers of in-
fections have any potential for public 
health benefit, assuming the increased 
relative risk among IHC users is signifi-
cant. In other parts of the world, the ef-
fects of reducing IHC use could potential-
ly be harmful, because of the potential 
for increased maternal mortality rates.

Modeling the Impact of Increased 
Testing, Treatment, and Prevention 
Interventions

Several investigators presented data on 
how best to prioritize population-level 
interventions to avert new infections 
and deaths, while remaining cost-
effective. Birger and colleagues pre-
sented the relative benefit of different 
components of test-and-treat interven-
tions on the HIV epidemic in Newark, 
New Jersey (Abstract 1075). The data 
model indicated that interventions 
aimed at retaining HIV-1-infected pa-
tients in care would have the greatest 
impact. However, retention was pro-
jected to lead to only a 16% reduction 
in new HIV-1infections and a 19% re-
duction in deaths by 2050. Combining 
retention in care with increased testing 
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coverage would reduce new infections 
by 25%, and the model predicted the 
further addition of increased rates of 
viral suppression would lead to a 39% 
reduction in new infections and a 46% 
reduction in deaths by 2050. Kessler 
and colleagues presented modeled 
data for New York City (Abstract 1076). 
Their model also suggested that care 
coordination (efforts to retain patients 
in care and enhance adherence to med-
ication) would have the largest impact 
on infection rates, but also incurred the 
most expense. The model estimated 
that increased testing, linkage to care, 
and care coordination would cost $1 
billion per year for New York City, and 
would result in a 23% reduction in new 
HIV infection rates. Expanding treat-
ment to all HIV-infected persons at the 
time of diagnosis would only decrease 
new infections by 3% in the model. 

Several investigators focused on the 
relative impact of expanded testing 
with various prevention interventions 
on the HIV epidemic in sub-Saharan 
Africa. Alsallaq and colleagues pre-
sented data on the impact of home-
based counseling and testing (HBCT), 
with linkage to prevention services in 
KwaZulu-Natal, South Africa (Abstract 
1079). The model indicated that 90% 
coverage of HBCT, coupled with behav-
ior change, MMC (for HIV-uninfected 
men) and antiretroviral therapy, could 
result in a 47% decrease in new HIV 
infections within 4 years of implemen-
tation. Behavior change interventions 
introduced short-term reductions in 
HIV infections, while MMC (which re-
duces susceptibility to infection) and 
antiretroviral therapy (which reduces 
transmissibility of infection) had long-
term impacts. In the model, the ex-
pansion of treatment from those with 

CD4+ counts less than 200 cells/µL to 
all newly diagnosed persons, regard-
less of CD4+ cell count, could further 
reduce HIV incidence by 63% at year 
4 and 76% at year 15. Nichols and 
colleagues presented data modeled 
for rural Zambia on the relative cost-
effectiveness of increased testing and 
antiretroviral therapy for HIV-infected 
persons, compared with to providing 
PrEP in a targeted (high-risk groups) 
or non-targeted (general population) 
fashion (Abstract 1080). In this mod-
el, increased HIV-1 testing (assumed 
coverage of 70%-90%) and linkage to 
care (assumed coverage of 70%) could 
result in a 50% reduction in incidence 
over 10 years, at a cost of $134 for 
each quality-adjusted life–year (QALY) 
gained. In this model, targeted PrEP 
was somewhat less effective, with a 
projected 31% reduction in HIV-1 inci-
dence at a cost of $323 per QALY. Non-
targeted PrEP was the least effective 
(23% reduction in incidence) and most 
costly ($1843 per QALY) approach. 
Alistar and colleagues also evaluated 
increased rates of treatment, focused 
PrEP, and generalized PrEP adminis-
tration for South African adults (Ab-
stract 1081). As in the previous study, 
the greatest benefit comes from scal-
ing up treatment. Increasing antiret-
roviral coverage to 50% of persons 
eligible under existing guidelines could 
result in 1.5 million infections averted 
over the next 20 years, while universal 
treatment could result in 3.6 million 
infections averted. Universal access 
to treatment was more cost-effective 
than providing treatment according 
to existing guidelines ($310-$340 per 
QALY gained vs $410-$420 per QALY 
gained, respectively). Targeting PrEP 
to those at greatest risk could actu-

ally be cost-saving if universal access 
were to reach fewer than 70% of the 
HIV-1-infected population. General-
ized PrEP would be most expensive if 
antiretroviral therapy coverage were 
high ($1050-$2800 per QALY gained). 
Buchbinder and colleagues explored 
different strategies for targeting PrEP 
in the MSM global epidemic, based on 
data from the iPrEx study (Abstract 
1066). In that analysis, the total num-
ber needed to treat (NNT) to prevent 1 
HIV infection was 60. However, men 
reporting unprotected receptive anal 
sex, regardless of partner serostatus, 
accounted for two-thirds of all new HIV 
infections, and the NNT for this sub-
set was only 35. All of these abstracts 
point to a primary need to expand cov-
erage of antiretroviral therapy to HIV-
infected populations, with a supportive 
role of targeted PrEP to further reduce 
HIV-1 infection. 
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Introduction—Where Should 
Priorities Lie?

The neurologic sessions this year at 
the 19th Conference on Retroviruses 
and Opportunistic Infections (CROI) 
focused, as in years past, on under-
standing the pathogenesis of neuro-
logic impairment in HIV, in particular 
on HIV-associated neurocognitive dis-
order (HAND), and on determining the 
optimal time to initiate treatment for 
patients with HIV infection to preserve 
or optimally recover neurologic func-
tion. In recent years, the mandate to 
investigators in Neuro-HIV has been 
to ascertain the best strategies to ad-
dress persistent neurologic disease in 
patients with successful systemic viral 
suppression on antiretroviral therapy 
(ART), which assumes that most pa-
tients with access to treatment for HIV 
would choose therapy, resulting in un-
detectable plasma HIV RNA levels. Ide-
ally, patients with HIV infection would 
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The effects of HIV-1 in the nervous system are a topic of avid interest to 
investigators and clinicians focused on HIV, judging by the large and 
discriminating audience at the oral sessions and poster presentations relating 
to neuroscience at the 19th Conference on Retroviruses and Opportunistic 
Infections. Major areas of investigation at this year’s conference included the 
use of neuropsychological testing and neuroimaging to assess the state of 
the central nervous system (CNS) and effects of antiretroviral therapy during 
HIV infection as well as basic and clinical studies of neuropathogenesis 
of HIV-associated neurocognitive disorder (HAND). Numerous important 
suggestions emerged during the meeting. Among them was the proposition 
that earlier initiation of therapy might benefit the CNS. Another was that the 
relationship between HIV and normal aging remains unclear and warrants 
further study. Still another was that ongoing abnormalities may persist 
despite treatment with antiretroviral therapy—including measurable brain 
microglial activation, detectable cerebrospinal fluid HIV, and progression of 
neurologic impairment

Neurologic Complications of HIV Infection
Serena S. Spudich, MD, and Beau M. Ances, MD, PhD 

be identified prior to advanced immu-
nosuppression, would have full access 
to a broad range of ART choices, and 
would adhere to ART throughout the 
course of treatment. However, epide-
miologic data indicate that it is often 
difficult to identify HIV infection in its 
early stages in most communities even 
in the developed world; at least 34% 
of patients in the United States have 
a CD4+ count below 200 cells/µL by 
the time they are diagnosed with HIV 
infection.1 Furthermore, patients in 
the areas of the world with the high-
est prevalence of HIV face limited 
drug choices and numerous barriers 
to obtaining ART. Data presented at 
this year’s CROI suggest that despite 
access to treatment, only 24% of HIV-
infected patients in the United States 
have undetectable plasma HIV RNA 
levels (Skarbinski and colleagues, Ab-
stract 138). These observations raise 
important questions relevant to the 
central nervous system (CNS). Is there 
convincing evidence that earlier diag-
nosis and treatment might preserve 
neurologic function? How much viral 
suppression is enough to preserve the 
CNS? Will ongoing plasma viremia in 
treated patients be associated with 

manifestations of active CNS infection 
and disorders in treated patients? Fi-
nally, investigators are faced with de-
ciding whether we should be targeting 
our therapies and approaches to the 
majority of patients—those who are 
not on ART, do not adhere to ART, or 
who exhibit clinically consequential 
resistance—or address the minority 
of patients with persistent impairment 
but successful systemic suppression 
on ART. 

Noninvasive Tools for 
Investigating Neurologic Status 
in HIV Infection

Neuropsychological Performance

Methods for assessing neurocogni-
tive status. One of the key challenges 
in diagnosing and monitoring HAND 
is the lack of reliable and practical 
methods of screening for and evaluat-
ing neurocognitive impairment. Moore 
and colleagues (Abstract 499) sought 
to identify a brief neuropsychologic 
testing strategy to assess patients for 
HAND. These investigators adminis-
tered a comprehensive, 120-minute, 
7-domain neuropsychologic battery to 
200 HIV-infected US military person-
nel with few potentially confounding 
comorbidities, and defined impair-
ment in these subjects as a Global Def-
icit Score (GDS) of greater than 0.5.2 
The investigators then compared the 
measurement of impairment by the 
complete battery with measurements 
of impairment detected by all possible 
combinations of 2, 3, and 4 neuropsy-
chologic tests from the overall bat-
tery, limiting possible tests such that 
combinations required fewer than 20 
minutes to administer. They identi-
fied a 16-minute battery combining 3 
neuropsychologic tests with a sensitiv-
ity of 86.5% and specificity of 75.5%, 
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and an 18-minute battery combining 4 
tests resulting in a sensitivity of 86.5% 
and specificity of 87.1%. These batter-
ies may be good substitutes for com-
prehensive batteries in research set-
tings in which resources and patient 
fatigue require brief assessments for 
HAND. Similarly, Smith and colleagues 
(Abstract 505) reported on the use of 
the International HIV Dementia Scale 
(IHDS) as a screening tool for more 
subtle forms of HAND. Developed as a 
tool for detection of HIV dementia, the 
IHDS is a brief bedside or office evalu-
ation method that requires no equip-
ment and includes a motor-speed test, 
a psychomotor speed test, and a mem-
ory-recall test. The investigators com-
pared scores on the IHDS with results 
of a more comprehensive battery de-
fining HAND according to 2007 Frasca-
ti criteria3 in 106 subjects. They found 
that using a cutoff score of 11 points 
or lower, the IHDS had 72% sensitiv-
ity and 44% specificity for all forms 
of HAND, including asymptomatic 
neurocognitive impairment (ANI) and 
mild neurocognitive disorder (MND). 
Subjects with HAND had a lower IHDS-
scale score than did subjects without 
HAND. The investigators concluded 
that although the IHDS was developed 
for detection of dementia, it may be 
an acceptable brief screening tool for 
mild categories of HAND. Meyer and 
colleagues (Abstract 502) examined 
the interpretation of a 17-neuropsy-
chologic-test battery administered to 
100 HIV-uninfected and 221 HIV-in-
fected subjects in Kenya excluding pa-
tients with comorbidities expected to 
confound HAND diagnosis. The inves-
tigators found that when the interpre-
tation was applied to test performance 
of HIV-uninfected subjects, 45% met 
Frascati criteria for ANI or MND and 
6% for HIV-associated dementia (HAD) 
according to the most liberal defini-
tion of domain impairment (1 test per 
domain > 1 standard deviation [SD] 
below the mean), whereas these num-
bers were 14% and 1% when a stricter 
definition was used (average score for 
domain > 1 SD below the mean). Rates 
of ANI and MND were slightly higher 
in HIV-infected subjects according to 
the same criteria (68% with 1 test per 

domain, and 30% with abnormal score 
for the whole domain), but the rate of 
HAD was only 0.5% according to all 
criteria. These findings suggest that at 
least in the Kenyan population, neuro-
psychologic-test indications of impair-
ment may be unrelated to HIV and 
that more rigorous standards should 
be applied in defining abnormality on 
testing to reduce false-positive results.

Neurocognitive status in early infec-
tion. It remains unresolved as to when 
neurologic impairment occurs during 
the course of HIV infection. Many in-
dividuals develop dementia after long-
standing untreated HIV infection, and 
recent studies have demonstrated that 
more subtle impairment characterizes 
up to 50% of HIV-infected persons re-
mains even in the ART era.4 Peterson 
and colleagues (Abstract 80) reported 
on neurologic performance in 70 sub-
jects recruited during primary HIV in-
fection (median 4 months after HIV 
transmission) and who were  longitu-
dinally followed using an 11-test neuro-
psychologic battery. At baseline, 42% 
of subjects performed greater than 1 
SD below norm means in more than 
2 neuropsychologic domains, meeting 
Frascati definitions of ANI or MND. Be-
fore the initiation of ART, performance 
improved in most domains over time 
with repeated testing but declined in 
the motor domain. In subjects who 
initiated HIV treatment for reasons in-
dependent of the study, motor perfor-
mance stabilized but did not improve 
during follow-up. Although these find-
ings suggest that impairment may ac-
crue even in the first year of HIV in-
fection before the initiation of ART, the 
extent to which these changes are due 
to HIV rather than concomitant factors 
remains unknown. Vo and colleagues 
(Abstract 507) presented data from the 
Multicenter AIDS Cohort Study (MACS) 
following subjects who were HIV-unin-
fected at enrollment but who serocon-
verted during the course of the study. 
These investigators evaluated results 
of a brief battery of neuropsychologic 
tests from 5 years before seroconver-
sion through 3 years after seroconver-
sion, over a possible 25 years of follow-
up by the MACS. They did not observe 

statistically significant changes in per-
formance in the brief battery before 
or after seroconversion. Improvement 
in performance as a result of practice 
effect from repeated testing, effects 
of initiation of ART in seroconverters, 
and the brief nature of the battery may 
contribute to the differences between 
the findings of this study and those of 
Peterson and colleagues. However, the 
findings of Vo and colleagues also may 
suggest that HIV itself is not the pri-
mary cause of neurologic dysfunction 
in subjects with recent HIV infection.

Impact of earlier ART on neurocog-
nitive performance. Building on the 
concept that injury to the CNS may 
occur early in the course of HIV infec-
tion, several studies investigated the 
effects of earlier initiation of ART on 
neurologic outcomes. Puthanakit and 
colleagues (Abstract 24) compared 
neuropsychological test performance 
outcomes in 284 Thai and Cambodian 
HIV-infected children (median 7 years 
old) in the PREDICT (Prospective Ran-
domized Evaluation of DNA Screen-
ing in a Clinical Trial) study who were 
randomly assigned to immediate ART 
or therapy deferred until CD4+ per-
centage fell below 15% or Centers for 
Disease Control and Prevention (CDC) 
Category C events occurred. Although 
children with immediate therapy had 
higher CD4+ percentages and longer 
exposure to ART than those who de-
ferred-therapy group at 144 weeks af-
ter enrollment, neuropsychologic test 
performance did not differ between 
the 2 groups. However, both HIV-infect-
ed groups had statistically significantly 
lower Wechsler Intelligence Scale (IQ) 
scores than did 164 age-matched HIV-
uninfected Thai and Cambodian chil-
dren, suggesting that either comorbid 
factors or effects of HIV before the ini-
tiation of therapy even in the imme-
diate group had resulted in neurologic 
injury in these children by the time of 
evaluation. 

Crum-Cianflone and colleagues (Ab-
stract 500) evaluated the rates of neu-
rocognitive impairment, defined as a 
GDS greater than 0.5, in 200 military 
personnel with known (within 1.2 
years) dates of seroconversion and low 
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rates of substance use and medical or 
psychologic factors that might con-
found neuropsychologic testing. These 
subjects were assessed with a compre-
hensive neuropsychologic battery at a 
fairly early stage of HIV infection, with 
median nadir CD4+ count 319 cells/
µL and median duration of infection 
of 5 years. A total of 65% of subjects 
were on ART, initiated at median 1.4 
years after HIV diagnosis. The cohort 
overall had rates of neurocognitive im-
pairment that were not different from 
those found in 50 HIV-uninfected con-
trol subjects assessed with an identi-
cal battery. This finding suggests that 
early intervention for HIV infection 
might preserve neurocognitive func-
tion, although the authors acknowl-
edge that the minimal confounding 
comorbidities and stable lifestyle con-
text for these subjects might also re-
late to low levels of impairment in this 
group. Finally, Marcotte and colleagues 
(Abstract 485) investigated the neuro-
cognitive outcomes of Maharashtran 
subjects in Pune, India, with high base-
line CD4+ counts (approximately 460 
cells/µL) randomly assigned to imme-
diate initiation of ART or to deferred 
treatment. Improvement from base-
line to 1-year follow-up visit was statis-
tically significantly associated with the 
interaction between poorer baseline 
neuropsychologic performance and as-
signment to the immediate treatment 
group (P = .02). These findings suggest 
that patients with relative neurocogni-
tive impairment in the early stages of 
HIV might benefit from immediate ini-
tiation of ART, even while CD4+ counts 
are relatively preserved.

Neurocognitive decline in patients 
with chronic HIV. An area of contro-
versy for clinicians and investigators is 
whether mild neurologic impairment—
defined by reduced performance on 
neuropsychologic testing but no as-
sociated functional impairment—has 
clinical significance for patients in-
fected with HIV. In the 1555-person 
CHARTER (CNS HIV Antiretroviral 
Therapy Effects Research) study, 33% 
of subjects were considered to have 
such a condition (defined as ANI by 
Frascati criteria) at study entry. Grant 

presented findings (Abstract 77) dem-
onstrating that ANI conferred a risk 
of progression to symptomatic stages 
of HAND (MND or HAD) in CHARTER 
subjects. The researchers evaluated 
indices of symptoms of neurocogni-
tive impairment, including self-report 
of symptoms and performance-based 
assessments, in 226 subjects without 
impairment and 121 ANI subjects ev-
ery 6 months for a median time of 45 
months. They found that individuals 
with ANI had an increased relative risk 
of progressing to symptomatic HAND 
compared with cognitively normal 
individuals, 2-times higher if based 
on self-report and more than 5-times 
higher if based on performance-based 
evaluation. These authors made efforts 
to correct these estimates for poten-
tially confounding factors, including 
baseline education level and catego-
rization of severity of comorbidities, 
such as substance abuse. Their find-
ings suggest that mild, asymptomatic, 
neurologic impairment may reflect an 
active process that progresses to more 
substantial impairment in persons 
with HIV infection. However, since ap-
proximately 30% of subjects in the ANI 
group were not on ART at baseline in 
the study, it is unclear to what extent 
ANI subjects with complete systemic 
viral suppression might experience 
substantial progression of HAND dur-
ing continued ART. 

Another study from the CHARTER 
collaborative group (Abstract 474) fo-
cused on the related topic of determi-
nants of neurocognitive decline over 
longitudinal follow-up in a group of 
437 HIV-infected subjects mostly on 
ART. They found that 22.7% of sub-
jects showed decline in performance 
over time, while 16.5% showed im-
provement. In a multivariable model, 
absence of ART, having a low CD4+ 
count, Hispanic ethnicity, and presence 
of severe comorbidities were associ-
ated with decline in neurocognition. 
These data are consistent with prior 
studies suggesting that detectable HIV 
RNA in plasma plays a continued role 
in neurologic impairment in the cur-
rent era.5-7 The data also suggest that 
comorbidities rather than HIV alone 
may contribute to clinical progression. 

Brain Imaging Investigations of 
Neuropathogenesis and Assessment 
of Neurologic Status

Neuroimaging provides a variety of 
non-invasive methods to understand 
the pathophysiologic changes seen 
with HAND. A large number of pre-
sentations at CROI also focused on 
the use of neuroimaging as a means 
of investigating HIV neuropathogenesis 
or as a biomarker of the status of the 
brain in HIV-infected persons. Presen-
tations highlighted an ever-expanding 
list of techniques, including morphom-
etry, magnetic resonance spectros-
copy (MRS), diffusion tensor imaging 
(DTI), and positron emission tomogra-
phy (PET), as methods to investigate 
the status of the brain in HIV-infected 
patients, with particular focus on un-
derstanding the potential relationship 
between aging and HIV and the effects 
of ART. 

Volumetrics. Both Becker and col-
leagues (Abstract 512) and Ortega and 
colleagues (Abstract 514) studied the 
effects of HIV and aging using volu-
metric measurements. Becker and as-
sociates performed neuroimaging in 
84 HIV-seropositive men and 76 HIV-
seronegative men. The investigators 
observed independent effects of HIV 
and aging within the gray and white 
matter and saw no statistically signifi-
cant relationship. Cardiovascular risk 
factors were not associated with reduc-
tions in brain volume. Further studies 
that include both male and female 
HIV-seropositive and -seronegative 
participants are required. Ortega and 
colleagues studied 52 HIV-seroposi-
tive patients and 26 HIV-seronegative 
controls. The investigators assessed 
the effects of ART and aging on brain 
volumetrics. HIV-seropositive patients, 
whether on ART or treatment naive, 
had statistically significant reductions 
in brain volume within the amygdala, 
caudate, and corpus callosum com-
pared with HIV-seronegative controls. 
Both HIV and aging independently 
caused atrophy in the caudate. These 
changes gradually occurred after self-
reported seroconversion. Further lon-
gitudinal studies of primary infected 
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HIV-seropositive subjects are needed. 
A complementary study by Gong-

vatana and colleagues (Abstract 513) 
investigated the relationship between 
observed brain volumetrics and plas-
ma biomarkers (interferon [IFN]-γ, 
interleukin[IL]-β, IL-6, IL-8, IL-10, IL-16, 
IL-18, IP-10, monocyte-chemoattrac-
tant protein-1 [MCP-1], macrophage 
inflammatory protein-1-β [MIP-1-β], 
stromal cell-derived factor-1 [SDF1-α] 
tumor necrosis factor [TNF-α], and 
TNF-related apoptosis-inducing ligand 
[TRAIL]) in 74 HIV-infected partici-
pants on ART. As in the above studies, 
older age was associated with a re-
duction in brain volume even in HIV-
infected subjects with well-controlled 
plasma viral load. The authors suggest 
that observed findings may reflect 
ART toxicity. In addition, higher IFN-γ, 
MCP-1, and TNF-α were related to in-
creased volumes within the putamen, 
pallidum, amygdala, and corpus cal-
losum. Higher IL-1, IL-6, IL-16, IL-18, 
IP-10, MIP-β, and SDF1-α were related 
to decreased volumes within the puta-
men, pallidum, thalamus, hippocam-
pus, amygdala, and corpus callosum. 
Additional studies of HIV-seronegative 
subjects using imaging and blood bio-
markers are needed.

To further study the effects of ART 
on brain volume, Sammet and col-
leagues (Abstract 511) used voxel-
based morphometry (VBM) to com-
pare gray-matter volume in treated 
(n = 25) and untreated (n = 25)  subjects 
with primary HIV infection and age–
matched HIV-seronegative controls 
(n = 20). The authors observed a statisti-
cally significant reduction in the insular 
cortex of HIV-seropositive patients on 
ART compared with HIV-seronegative 
controls. In addition, treated HIV-sero-
positive patients had a statistically sig-
nificant reduction in volume within the 
anterior cingulate, insular cortex, pre-
cuneus, temporal gyrus, and temporal 
pole compared with treatment-naive 
HIV-seropositive patients. The authors 
postulate that the findings may reflect 
ART toxicity or injury related to im-
mune reconstitution, or both. Further 
studies should investigate the effects of 
the degree to which ART penetrates the 
CNS on brain volume outcomes.

MRS. Cysique and colleagues (Abstract 
492) compared metabolic ratios in 
chronically infected HIV-seropositive 
patients (n = 90) with HIV-seronegative 
controls (n = 25). The HIV-seropositive 
group had higher inflammatory mark-
er levels in frontal white matter and re-
duced neural integrity in the caudate. 
No connection was observed between 
HIV and age. However, duration of HIV 
infection and presence of cardiovas-
cular risk factors were associated with 
brain injury in HIV-infected patients. 
Additional analyses using standard 
metabolic ratios and correction for 
multiple comparisons might produce 
different results.

Young and colleagues (Abstract 79) 
assessed neuronal and glial changes 
associated with primary HIV infection. 
MRS data were obtained from a  cohort 
of individuals with primary HIV infec-
tion (n = 53), a chronically HIV-infect-
ed cohort (n = 18), and HIV-seronega-
tive controls (n = 19). At baseline, only 
chronically HIV-infected subjects had 
a statistically significant decrease in 
neuronal metabolites compared with 
individuals with primary HIV infection 
or HIV-seronegative controls. Within  
subjects with primary infection who 
were followed up longitudinally, ratios 
of choline metabolites associated with 
inflammation and membrane turnover 
increased over time before therapy 
and then stabilized after the initiation 
of ART. The authors suggested that 
changes associated with HIV-related 
injury in the CNS may develop soon 
after HIV infection, but early initiation 
of ART may ameliorate some of these 
changes.  

Similar to Young’s findings of rising 
choline/creatine ratios in early infec-
tion was a report by Sailasuta and col-
leagues (Abstract 456) that elevations 
in brain choline/creatine ratios were 
characterized in subjects with acute 
HIV infection compared with HIV-un-
infected subjects and improved over 
time after very early treatment with 
ART. These studies suggest that both 
acute and progressive brain inflamma-
tion characterizes the earliest stages of 
HIV infection before the typical initia-
tion of ART.

Navia and colleagues (Abstract 509) 

demonstrated that neuronal injury was 
present in chronically HIV-infected  
participants despite ART. Predictors of 
decreases in neuronal and glial metab-
olites included older age, longer dura-
tion of infection, and longer exposure 
to ART. These results suggest a possible 
connection between neurotoxicity and 
long-term exposure to ART, but addi-
tional studies are needed. 

DTI and functional imaging. Wright 
and colleagues (Abstract 510) assessed 
the effects of ART on DTI measure-
ments within the corpus callosum. 
Treatment-naive HIV-infected (n = 21) 
subjects had statistically significant re-
ductions in DTI parameters compared 
with HIV-infected patients receiving 
ART (n = 21) and HIV-seronegative con-
trols (n = 21). Longitudinal analysis of 
HIV-seropositive patients before and 
then 3 to 5 months after initiating ART 
demonstrated a normalization of DTI 
parameters after starting medications. 
These results suggest a reduction in in-
flammation after starting ART. Larger 
studies of HIV-seropositive patients re-
ceiving ART with different degrees of 
CNS-penetration are needed. In addi-
tion, Valcour and colleagues (Abstract 
496) demonstrated that impairment 
evident through neuropsychologic test-
ing correlated with changes in DTI pa-
rameters within the corpus callosum of 
40 HIV-infected patients. 

Thomas and colleagues (Abstract 
493) used the recently developed 
technique of resting-state functional 
connectivity to map cortical networks 
within HIV-infected (n = 52) and HIV-
infected (n = 52) subjects. Overall, HIV- 
seropositive subjects had a reduction in 
functional connections within numer-
ous networks, including the default, sa-
lience, and control networks. A cortical 
signature of HIV might exist that dis-
tinguishes it from other neurodegen-
erative diseases (including Alzheimer’s 
disease). Additional studies of subjects 
with varying degrees of HAND are re-
quired.

PET. Garvey and colleagues (Abstract 
78LB) studied the role of neuroinflam-
mation (in particular microglia) within 
the brains of HIV-infected subjects. 
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These investigators studied the role of 
activated microglia using the radiotrac-
er PK 11195 in 7 HIV-infected patients 
and 9 HIV-seronegative controls. An 
increase in microglial activation was 
seen within the corpus callosum, an-
terior cingulate, and temporal lobes of 
neuro-asymptomatic HIV-seropositive 
patients on ART compared with HIV-
seronegative controls. These findings 
warrant additional larger studies to 
confirm these initial findings, and lon-
gitudinal studies to determine when 
microglial activation is established and 
how it evolves in relation to ART.

Pathogenesis of HAND

Neuropathogenesis of HAND: 
Molecular Studies

Limitations in our understanding of 
the basic neuropathogenesis of HIV 
prompted some of the investigations 
presented at this year’s conference, 
where topics included viral tropism 
and compartmentalization of HIV spe-
cies in the CNS, potential mechanisms 
of neurotoxicity of HIV, and host fea-
tures predisposing patients to the de-
velopment of dementia. 

Virologic studies. Arrildt and col-
leagues (Abstract 445) studied HIV spe-
cies derived from cerebrospinal fluid 
(CSF) in patients with dementia, com-
paring compartmentalized HIV that 
was able to infect cells with high CD4 
density with HIV that infected cells 
with low CD4 density. They observed 
that CD4 density varied in monocyte-
derived macrophages and correlated 
with infectivity, and that macrophage-
tropic (M-tropic) viruses appeared 
to use any CD4 density for entry; in 
contrast, T-lymphocyte tropism alone, 
without macrophage tropism, needed 
high CD4 density. 

Studevant and colleagues (Abstract 
447) also investigated compartmen-
talization of HIV-1, reporting the first 
evidence of compartmentalization of 
HIV within the CNS in HIV subtype C 
and in children. The investigators used 
single-genome amplification to com-
pare CSF and blood samples obtained 
from 48 children in Malawi aged 4 

months to 37 months, infected in 
utero or during infancy, and detected 
CNS compartmentalization in 37.5%. 
Compartmentalization was noted to be 
more frequent in the older children or 
those with higher levels of HIV RNA in 
CSF. The researchers also noted some 
preliminary evidence of the ability of 
viruses to use low CD4 density for en-
try (interpreted as M-tropic viruses) in 
these env variants from CSF. 

Holman and colleagues (Abstract 
83) reported on the development of a 
machine-learning approach to identify-
ing genetic signatures in HIV env associ-
ated with HAD. Holman and colleagues 
used 1022 env sequences derived from 
brain tissue from 78 subjects identified 
through the HIV Brain Sequence Data-
base (http://www.hivbrainseqdb.org/) 
to develop an iterative approach to rec-
ognizing certain amino acid sequences 
that were associated with HAD. The 
researchers identified sequences that 
were associated with HAD or non-HAD 
status, and they corroborated their 
findings with env sequences derived 
from 458 CSF samples from 36 addi-
tional clinically characterized subjects. 
The investigators postulated that this 
approach may be valuable in assess-
ing sequence data from CNS-derived 
sources in association with neurologic 
disease and might yield insight into the 
neurotropism or neurovirulence of spe-
cific strains of HIV. 

Choi and colleagues (Abstract 450) 
sequenced HIV-1 tat derived from CSF  
and blood in 60 subjects. They ob-
served that position HXB2 5905 was 
associated with the CSF and that great-
er sequence diversity within the CSF 
was associated with HAND. Further 
studies specifically on this position 
and its role in neurotropism may yield 
insight into mechanisms of HIV com-
partmentalization in the CNS.

Mechanisms of neuronal injury. Sev-
eral studies focused on molecular and 
cellular mechanisms of neuropatho-
genesis, specifically examining toxic 
or transmitter molecules that might 
directly induce or modulate toxic ef-
fects in the brain in the setting of HIV 
infection. Cantres and colleagues (Ab-
stract 459) measured higher levels of 

lysosomal protease cathepsin B and 
its inhibitor cystatin B in monocytes in 
patients with HAD compared with pa-
tients with normal cognition or those 
with ANI, suggesting that the cathep-
sin B may be an important mediator of 
neurologic injury in HIV. Gelman and 
colleagues (Abstract 465) analyzed lev-
els of type 2 dopamine receptor long 
isoform (DRD2L) and preproenkepha-
lin messenger RNA (mRNA) in autopsy 
brain specimens from the National 
NeuroAIDS Tissue Consortium and 
found that lower levels of DRD2L were 
associated with better neurocognitive 
functioning in life. The authors con-
cluded that downregulation of DRD2L 
in the setting of HIV infection is pro-
tective in HAND, and failure to reduce 
levels is associated with pathogenic 
effects of the dopamine system in the 
prefrontal cortex. 

Host factors contributing to HAND. 
Levine and colleagues (Abstract 470) 
completed a genome-wide associa-
tion study (GWAS) of 1287 subjects 
to investigate whether HAND might 
be linked to certain host genetic fea-
tures in subjects enrolled in the MACS. 
The researchers investigated whether 
the rate of neurocognitive decline, the 
presence of HAD, or mild to severe 
neurocognitive impairment based on 
2007 Frascati criteria could be linked 
to any single-nucleotide polymor-
phisms (SNPs) identified by either the 
Illumina, Inc. (San Diego, CA) or Af-
fymetrix (Santa Clara, CA) platforms. 
The researchers did not identify any 
SNPs that were statistically significant-
ly associated with these phenotypes. 
Furthermore, they did not validate 
previously identified candidate alleles 
as linked to phenotypes of HAND. The 
authors concluded that their study 
might not have had adequate subjects 
to find significant associations and sug-
gest that further studies might be done 
that integrate their sequence data with 
those of other large cohort studies.

Neuropathogenesis of HAND: Clinical 
and Biomarker Studies

Early HIV infection. Paralleling neuro-
imaging studies of acute and primary 
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infection, several laboratory studies 
investigated CNS HIV pathogenesis in 
the early stages of infection. Morris 
and colleagues (Abstract 446) studied 
HIV coreceptor tropism in plasma in 
72 subjects beginning at a mean es-
timated 70 days after HIV exposure 
and found that 4 of 72 (5.5%) harbored 
a CXCR4 or dual/mixed tropic (X4/
DM) coreceptor phenotype at base-
line, and 9 of 72 (12.5%) had an X4/
DM coreceptor phenotype during at 
least 1 follow-up visit. In a general-
ized estimating equation model, X4/
DM tropism was independently associ-
ated with HAND based on neuropsy-
chologic testing criteria, though it is 
unclear whether this association was a 
causative relationship or a reflection of 
other differences in the patients with 
X4/DM coreceptor phenotype. Lee 
and colleagues (Abstract 457) demon-
strated that although undetectable CSF 
HIV RNA characterizes approximately 
15% of treatment-naive subjects in a 
primary-infection cohort at a median 
of 3 months after transmission, emer-
gence of CSF HIV RNA levels not dif-
ferent from those in a detectable HIV 
RNA group occurs by 1 year in subjects 
remaining off treatment. Furthermore, 
reduced CSF inflammation associated 
with undetectable HIV RNA at baseline 
is not sustained at 1 year, suggesting 
that mechanisms associated with this 
reduced HIV burden and associated 
immune activation in the CNS are like-
ly unique to the earliest stages of HIV. 

Chronic HIV infection. In a study in-
vestigating neuropathogenesis and use 
of a laboratory biomarker for HAND 
during chronic HIV infection, Mellberg 
and colleagues (Abstract 469) found 
that a marker of axonal breakdown, 
CSF neurofilament light chain (NFL), 
declined in 85 asymptomatic subjects 
with a median CD4+ count of 190 
cells/µL after initiation of ART when 
treatment naive or off ART for at least 
6 months. This finding suggests that 
low-level CNS injury is ongoing in HIV-
infected persons before overt symp-
toms of cognitive impairment, that 
this smoldering injury can be reduced 
by ART, and that NFL may be a use-
ful marker of neurologic injury even in 

presymptomatic patients.
Numerous clinically oriented stud-

ies focused on mechanisms and bio-
markers of HAND in the setting of 
stable ART. Several studies focused on 
ongoing abnormal activation of cells 
of the monocyte/macrophage or mi-
croglial lineages in the setting of ef-
fective ART. As noted above, Garvey 
and coworkers (Abstract 78LB) dem-
onstrated areas of elevated uptake of 
a PET ligand targeted to a receptor on 
the surface of activated microglia in 
subjects on suppressive ART. Williams 
presented evidence (Abstract 81) that 
plasma soluble hemoglobin scavenger 
receptor (sCD163) may be a marker 
of persistent inflammation that, in 
the setting of successful ART, associ-
ates with neurologic disease. A total of 
34 subjects on suppressive ART were 
separated into groups classified as im-
paired or neurocognitively normal as 
measured by a GDS approach, which 
emphasizes abnormality.  Elevated 
levels of sCD163 characterized the 
subjects with a GDS greater than 0.5 
and persisted in this group at a second 
visit on continued therapy, suggesting 
that processes underlying neurologic 
impairment in the setting of treatment 
are associated with immune activation 
of the monocyte/macrophage lineage 
and can be measured in the blood.

Several studies also investigated 
the sources and potential clinical sig-
nificance of CSF HIV RNA measured in 
the setting of ART. Letendre and col-
leagues (Abstract 473) explored the 
correlates of CSF HIV RNA in patients 
on ART. They studied paired CSF and 
blood samples from 413 subjects in 
the CHARTER study, selected for their 
being on ART at all visits according 
to self-report and adherence assess-
ments. In a multivariable model de-
scribing predictors of CSF HIV RNA 
levels in 2207 visits, plasma HIV RNA 
levels were the strongest predictor, 
with an odds ratio [OR] of 18.0. Prote-
ase inhibitor use was also a statistically 
significant predictor of detectable HIV 
RNA in CSF with an OR of 3.3, with 
CNS penetration–effectiveness (CPE) 
score having an overall lower effect 
(OR, 0.7). 

Peluso and colleagues (Abstract 

489) presented a report on 10 subjects 
on suppressive ART with either unde-
tectable plasma HIV RNA or very low 
levels (median HIV RNA, 62 copies/
mL) who presented with incident cog-
nitive, balance, and motor symptoms 
and were found to have detectable CSF 
HIV RNA levels (median, 3900 copies/
mL) and accompanying CSF inflam-
mation and abnormalities on mag-
netic resonance imaging (MRI) scans. 
After their regimens were changed 
to address HIV genotypes associated 
with resistance detected in CSF and 
to improve CNS drug exposure based 
on pharmacologic properties, patients 
had improvement in clinical symp-
toms and, when data were available, 
in CSF parameters. The authors con-
cluded that although the mechanisms 
of such symptomatic CSF escape are 
unknown, it is important to test for 
this condition in certain clinical cir-
cumstances since addressing it with 
treatment strategies might be benefi-
cial for patients. However, Eden and 
colleagues (Abstract 488) presented 
evidence that although CSF HIV RNA 
levels above 50 copies/mL (identified 
by sampling in research studies in the 
setting of undetectable plasma HIV 
RNA) occurred in 25% of asymptomat-
ic subjects during a longitudinal study, 
there was no evidence of progression 
of CNS disease or even persistence of 
CSF escape in longitudinal follow-up 
in these subjects. Thus, presence of 
low-level detectable CSF HIV RNA in 
patients without neurologic symptoms 
was of unclear significance.

Conclusions

This year’s CROI reported substantial 
scientific contributions from investi-
gators worldwide and reminded us 
that many important issues regarding 
the assessment, pathogenesis, and 
treatment of HIV in the CNS remain 
unresolved. Key challenges to the 
field include the lack of consensus 
on the definitions and significance 
of milder forms of impairment; the 
lack of biomarkers for HAND that can 
be considered with certainty to be 
specific for the effects of HIV infec-
tion; the need for more large-scale, 
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well-characterized cohort studies to 
investigate host factors related to dis-
ease; and the continued limitations in 
understanding the biology of HIV in-
fection in the CNS in subjects on sup-
pressive ART.  A topic that pervaded 
sessions throughout this year’s CROI 
but was not directly addressed in the 
neurology sessions was whether or 
in what circumstances the CNS com-
partment needs to be considered a 
reservoir relevant to HIV cure strate-
gies. Future studies are required to in-
vestigate the possible role of the CNS 
as a viral reservoir that might elude 
systemic eradication efforts and to 
understand the potential effects of 
proposed cure strategies on the ner-
vous system.
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Viral Hepatitis 

DAAs in HIV/HCV Coinfection

The 2012 Conference on Retroviruses 
and Opportunistic Infections (CROI) 
provided long-awaited phase II sus-
tained virologic response (SVR) data for 
the hepatitis C virus (HCV) direct-acting 
antivirals (DAAs) of the HCV protease 
inhibitor class, telaprevir and bocepre-
vir, in HIV/HCV-coinfected individuals. 
In a phase II pilot study, 60 HIV/HCV-
coinfected, HCV genotype 1 treatment-
naive patients were randomized 2:1 to 
receive 12 weeks of telaprevir or pla-
cebo, each with 48 weeks of peginter-
feron alfa-2a plus ribavirin (Abstract 
46). Antiretroviral therapy (ART) was 
limited to efavirenz, ritonavir-boosted 
(/r) atazanavir, or no ART. Those on 

Dr Luetkemeyer is Assistant Professor of Medicine at the University of California San Francisco (UCSF). Dr Havlir is Professor of Medicine at 
UCSF and Chief of the HIV/AIDS Division at San Francisco General Hospital. Dr Currier is Professor of Medicine at the University of California 
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Studies on the efficacy of and drug interactions with the hepatitis C virus 
(HCV) direct-acting antivirals (DAAs) in HCV/HIV coinfection were a highlight 
of the 2012 Conference on Retroviruses and Opportunistic Infections. The 
addition of an HCV protease inhibitor (PI) to pegylated interferon alfa/ribavirin 
increased HCV cure rates by 30% to 35% in HCV genotype 1 treatment-naive 
HIV-coinfected patients, an increase similar to that observed in HIV-uninfected 
HCV-infected patients. Drug interactions with antiretrovirals can be complex, 
and DAAs are recommended for use only with antiretroviral drugs for which 
pharmacokinetic data are available. Further drug interaction and clinical data 
are needed to ensure the safe coadminstration of DAAs with antiretroviral 
therapy. The conference placed continued emphasis on pathogenesis, 
management, and prevention of the long-term complications of HIV disease 
and its therapies, including cardiovascular disease, lipodystrophy, renal 
disease, alterations in bone metabolism, and vitamin D deficiency, along with 
a growing focus on biomarkers to predict development of end-organ disease. 
HIV has increasingly been recognized as a disease of accelerated aging, 
manifested by increased progression of vascular disease, cellular markers 
of aging, and a heightened risk of certain non–AIDS-defining malignancies. 
This year’s conference also highlighted data on diagnosis, prevention, and 
complications of tuberculosis coinfection as well as the treatment and 
prevention of coinfections that are common with HIV, including cryptococcal 
meningitis, influenza, and varicella zoster.

Complications of HIV Disease and Antiretroviral Therapy
Anne F. Luetkemeyer, MD, Diane V. Havlir, MD, and Judith S. Currier, MD

efavirenz received telaprevir 1125 mg 
every 8 hours, rather than the standard 
750 mg every 8 hours, due to the re-
duction in telaprevir levels caused by 
efavirenz coadministration. Overall, 
the SVR (HCV undetectable) rate at 12 
weeks (SVR12) was 74% in the tela-
previr group and 45% in the placebo 
group, for a difference of 29%. This 
is comparable to the increase in SVR 
rate demonstrated with telaprevir in 
HIV-uninfected, HCV genotype 1 treat-
ment-naive patients (75% SVR rate 
with telaprevir vs 44% with placebo).1 
Similarly, in a retrospective study com-
paring 25 HIV/HCV-coinfected patients 
with 34 HCV monoinfected patients 
all receiving therapy with telaprevir/
peginterferon alfa/ribavirin, the on-
treatment responses at week 4 (rapid 
virologic response [RVR]) and week 

12 (early virologic response [EVR]) did 
not differ between HIV-infected and  
uninfected subjects. The SVR data are 
forthcoming (Abstract 754). It is nota-
ble that the placebo group in the phase 
II study attained an SVR12 rate of 45%, 
which is higher than typically reported 
in studies of peginterferon alfa/ribavi-
rin treatment for HIV/HCV coinfection; 
this may in part reflect the limited fi-
brosis of the participants. The 24-week 
SVR (SVR24) data will be forthcoming, 
but SVR12 has an excellent predictive 
value for SVR242 and was accepted as 
an endpoint by the US Food and Drug 
Administration (FDA) in 2010. SVR12 
rate in the atazanavir/r group was high-
er (80%) than in the efavirenz group 
(69%) and in the no–ART group (71%). 
The numbers in each group are too 
small to draw conclusions about differ-
ential efficacy of telaprevir in terms of 
concomitant ART. Telaprevir is associ-
ated with rash, which was more com-
mon in the group assigned to that drug 
(34%) than in the placebo group (23%). 
However, no cases of severe rash were 
reported. Pruritus, nausea, fever, and 
headache were more common in the 
telaprevir group, and, overall, more se-
rious adverse events occurred with tel-
aprevir (18%) than with placebo (9%). 
No virologic breakthrough of HIV oc-
curred in any of the treatment groups. 
Of note, all study participants received 
48 weeks of therapy. Data are not yet 
available on the feasibility of response-
guided treatment to shorten treatment 
with telaprevir in HIV/HCV coinfection. 

SVR12 data were also presented 
from a phase II trial of 100 HIV/HCV 
coinfected, HCV genotype 1 treatment-
naive patients who were randomized 
2:1 to receive boceprevir or placebo, 
each with 48 weeks of peginterferon 
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alfa-2b plus weight-based ribavirin 
(Abstract 47). Boceprevir 800 mg was 
administered 3 times a day for 44 
weeks after a 4-week lead-in period 
with peginterferon alfa/ribavirin alone. 
Permissible ART included raltegravir, 
maraviroc, nucleos(t)ide analogue re-
verse transcriptase inhibitors (nRTIs) 
(with the exception of didanosine or 
zidovudine), and HIV protease inhibi-
tors (PIs) boosted with ritonavir (PI/r), 
with the majority of participants on a 
PI/r. Nonnucleoside reverse transcrip-
tase inhibitors (NNRTIs) were not per-
mitted. The SVR12 rate was 60.7% 
in the boceprevir group and 26.5% 
in the placebo group, for a difference 
of 34%, a difference similar to that 
observed with telaprevir in HIV/HCV 
coinfection, as well as with boceprevir 
in HCV monoinfection (66% SVR rate 
with boceprevir vs 38% with placebo).3 
Three participants in the boceprevir 
group have not yet reached the SVR12 
time point. Adverse events leading to 
discontinuation were more frequent in 
the boceprevir group than in the pla-
cebo group (20% vs 9%, respectively), 
and adverse effects occurred more 
often with boceprevir than with pla-
cebo. These adverse effects included 
dysgeusia, fever, vomiting, anemia, 
and neutropenia. At week 48, virologic 
breakthrough of HIV occurred in 3 in-
dividuals in the boceprevir group and 
4 in the control group. HCV resistance 
data are forthcoming from both phase 
II studies.

Drug-drug interactions with HCV PIs 
have been of particular interest since 
a 2012 FDA warning cautioned against 
coadminstering boceprevir with HIV 
PIs, which substantially reduced HIV PI 
levels.4 The supporting data from non-
HIV-infected volunteers were more 
fully presented in Abstract 771LB. 
Coadministering boceprevir led to re-
ductions in atazanavir/r, lopinavir/r, 
and darunavir/r areas under the 
concentration-time curve (AUC) by 
35%, 34%, and 44%, respectively, and 
minimum concentration (Cmin) levels 
by 49%, 57%, and 59%, respectively. 
Conversely, boceprevir AUC and Cmin 

were lowered by 45% and 57% in the 
presence of lopinavir/r, 32% and 35% 
by darunavir/r, and 5% and 18% by 

atazanavir/r. Boceprevir does not ap-
pear to affect raltegravir AUC (Abstract 
772LB). Pharmacokinetic data from 
non-HIV-infected volunteers for the in-
vestigational HCV PI TMC435, which 
is a substrate of CY3A4, demonstrated 
that efavirenz greatly reduces TMC435 
AUC by 71% and Cmin by 91% and these 
drugs should therefore not be coad-
ministered (Abstract 49). However, 
neither rilpivirine, tenofovir, nor ralte-
gravir substantially affected TMC435 
concentrations and were not in turn 
affected substantively by TMC435. 
They are therefore attractive ART op-
tions to pair with this HCV PI. Because 
TMC435 is a CYP3A4 substrate, data 
on coadminstration with HIV PIs will 
be needed. Pharmacokinetic data for 
the investigational nonstructural pro-
tein 5A (NS5A) inhibitor daclatasvir 
were also presented (Abstract 618). 
Efavirenz decreased daclatasvir con-
centrations, and atazanavir/r increased 
daclatasvir levels. The recommended 
increase in daclatasvir dosage to 90 
mg with efavirenz and decrease to 30 
mg with atazanavir were each estimat-
ed to lead to therapeutic drug levels in 
an extrapolated dose model. Daclatas-
vir did not have a clinically relevant 
impact on tenofovir, efavirenz, or ata-
zanavir concentrations. 

Overall, these data serve as a re-
minder to proceed with caution when 
using HCV PIs and other DAA agents 
in HIV coinfection. HCV PIs may im-
prove HCV cure rates by 30% to 35% 
but come with increased toxicity, and 
drug-drug interactions with ART may 
be complex and unpredictable. This 
was demonstrated by pharmacoki-
netic data on telaprevir, indicating that 
telaprevir increases atazanavir and 
lopinavir levels and decreases daruna-
vir levels.5 Although the rates of viro-
logic breakthrough on HIV in the phase 
II study of boceprevir (Abstract 47) 
were similar to the rates in the largely 
HIV PI-treated boceprevir and placebo 
groups, prescribing HIV PIs or NNRTIs 
with boceprevir is not recommended 
until the clinical significance of the 
drug-drug interactions is better under-
stood. Boceprevir is expected to have 
minimal drug interactions with ralte-
gravir. However, clinical data for coad-

ministration are limited. Telaprevir can 
be coadministered with atazanavir/r, 
efavirenz (with appropriate adjust-
ment of the telaprevir dose), and likely 
raltegravir, but coadministration with 
antiretroviral drug classes other than 
nRTIs is not yet recommended. 

Additional DAA data from HCV-
monoinfected patients were present-
ed. The investigational nRTI GS7977 
(formerly PSI 7977) generated excite-
ment earlier this year with pilot data 
for the interferon alfa-free combina-
tion of GS7977/ribavirin for 12 weeks 
that resulted in a 100% SVR12 rate in 
10 HCV genotype 2/3, treatment-naive, 
non-cirrhotic patients.6 At this year’s 
CROI, data were presented from a sub-
sequent pilot study in which 10 HCV 
genotype 1 (90% genotype 1a), previ-
ous null responders received 12 weeks 
of GS7977/ribavirin (Abstract 54LB). 
The initial virologic response was ro-
bust, with all participants’ HCV RNA 
undetectable by week 4, but 9 of the 
10 participants relapsed by week 4 off 
treatment, demonstrating that in this 
harder-to-treat population, 12 weeks 
of this dual therapy was not sufficient. 
Findings on the efficacy of 12 weeks 
of GS7977/ribavirin in treatment-naive 
genotype 1 patients are expected to be 
presented this year; preliminary data 
from the 2012 EASL (European Associ-
ation for the Study of the Liver) annual 
meeting demonstrated an 88% SVR4 
(SVR after 4 weeks) rate in treatment-
naive genotype 1 patients, the major-
ity of whom (22/25) had genotype 1a.7 

The data illustrate that RVR, which is a 
positive predictor of attainment of SVR 
with interferon alfa-based regimens, 
does not appear to predict reliably 
SVR with interferon alfa-sparing treat-
ments. The combination of GS7997 
with ribavirin has not yet been evalu-
ated in HIV-coinfected subjects.

Acute HCV, HCV Reinfection, and 
Sexual Transmission

The European AIDS Treatment Net-
work (NEAT) cohort presented obser-
vational data on outcomes associated 
with the treatment of acute HCV (Ab-
stract 50). In a sobering reminder of 
the importance of screening for HCV 
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in at-risk populations of men who have 
sex with men (MSM), 95% of acute 
HCV infections were attributed to 
MSM sexual transmission, and only 
25% of those were symptomatic. 
When diagnosed and treated during 
the first year of infection, 69.7% of 
the subjects were cured, far exceed-
ing SVR rates typically seen with 
interferon alfa/ribavirin in chronic 
HIV/HCV coinfection. Of interest, 
the cure rates in patients with HCV 
genotype 2/3 improved from 60% to 
94% (P = .007) with the addition of 
ribavirin. There did not appear to be 
a significant difference in sustained 
virologic response rates between 
peginterferon alfa monotherapy and 
peginterferon alfa/ribavirin in pa-
tients with genotype 1 HCV (66.5% 
vs 70%, respectively; P = ns). How-
ever, the administration of ribavirin 
was not randomly assigned, and the 
duration of therapy was variable, 
which may confound the interpreta-
tion of the apparent effect of ribavi-
rin in genotype 2/3 HCV. 

Once HCV has cleared spontane-
ously or with treatment, HCV reinfec-
tion can occur. A retrospective German 
cohort study reported that 45 HIV-
infected MSM who had cleared a first 
episode of HCV, either spontaneously 
or with treatment, went on to develop 
second, third, and in one case fourth 
reinfections with HCV (Abstract 752). 
All reinfections were attributed to sex-
ual acquisition. This report reinforces 
the need to counsel patients success-
fully treated for HCV about the risk of 
reinfection and patients with sexual 
risk factors about the possibility of HCV 
transmission through MSM sexual con-
tact. The role of sexual transmission of 
HCV was highlighted in data from the 
SHCS (Swiss HIV Cohort Study), which 
showed that the epidemiology of HCV 
has shifted from a disease of injection 
drug users (incidence rate [IR] de-
clined from 13.5/100 person-years of 
observation in 1998 to 1 incident case 
during 2008-2011) to a disease pre-
dominantly of MSM (IR of 0.2/100 per-
son-years in 1998 increased to 7.4/100 
person-years in 2011) (Abstract 743). 
Heterosexual transmission was rare, 
with an IR of 0.7/100 person-years. 

Predicting Progression of Liver 
Disease and Cure with Peginterferon 
Alfa

Understanding the risk of liver fibrosis 
progression is an important compo-
nent of deciding on initiation of HCV 
treatment. In HIV/HCV-coinfected pa-
tients with limited fibrosis (transient 
elastography scores of ≤ 9.5 kPa, cor-
responding to Metavir fibrosis score of 
F0-F2), the Ariadne Index found the 
major determinants of progression to 
transient elastography scores greater 
than 9.5 kPa (approximate fibrosis 
score, F3-F4) included age (odds ratio 
[OR], 1.10 per year), extent of baseline 
fibrosis (OR, 1.98 per kPa), HCV geno-
types 1/4 (OR, 5.02), and alanine ami-
notransferase (OR, 1.23 per 10 IU/L). 
The logistic regression model had a 
positive predictive value of 0.88 and 
a negative predictive value of 0.71 for 
progression to a fibrosis score of F3 or 
F4 over 5 years. Relying on elastogra-
phy, which is not FDA approved, limits 
its usefulness in the United States for 
the Ariadne and Prometheus (see be-
low) models. 

Insulin resistance is also a risk fac-
tor for fibrosis progression, occurring 
in 56% of an HIV/HCV cohort and as-
sociated with an adjusted hazard ratio 
(aHR) of 5.79 (95% confidence inter-
val [CI], 2.08-16.10) for progression 
to substantial fibrosis (defined as an 
aspartate aminotransferase to platelet 
ratio index [APRI] score >1.5) in those 
without frank diabetes (Abstract 782). 
Weight loss or therapies to improve in-
sulin resistance prior to HCV treatment 
have been suggested. However, in a 
pilot study of HIV-coinfected patients 
with HCV genotype 1 and baseline in-
sulin resistance while undergoing HCV 
retreatment, administering the insulin 
sensitizer pioglitazone for 24 weeks 
prior to as well as during peginter-
feron alfa/ribavirin treatment appears 
not to substantially improve week-24 
HCV RNA virologic response compared 
with historical controls (15.8% vs 10%, 
respectively) and was associated with 
SVR in only 1 of 19 (5.3%) subjects 
(Abstract 783). Hepatic steatosis fre-
quently occurs in HIV/HCV-coinfected 
patients. In a Spanish cohort, hepatic 

steatosis occurred in 60% of HIV/HCV-
coinfected patients who underwent 
2 or more biopsies (Abstract 781). Fi-
brosis progression of stage 1 or higher 
was independently associated with 
persistence or progression of steato-
sis (adjusted OR, 2.4). Elevated fast-
ing plasma glucose levels and the use 
of dideoxynucleoside RTIs (stavudine 
or didanosine) were also associated 
with a trend toward steatosis, although 
these are modifiable risk factors. 

Considerable progress has been 
made in understanding the factors that 
predict a favorable response to pegin-
terferon alfa-based HCV treatment. 
The Prometheus score, which incorpo-
rated IL28B genotype, liver stiffness by 
elastometry, HCV genotype, and base-
line HCV RNA level, had a favorable 
area under the receiver operator curve 
(AUROC) of 0.87 (Abstract 761). Given 
that the prediction score was derived 
from an HIV/HCV-coinfected cohort, it 
is not surprising that the model per-
formed less well in HCV monoinfec-
tion (AUROC, 0.77). A free, easy-to-use 
Internet application for this predic-
tion tool is available at http://www.
fundacionies.com/prometheusindex.
php?lang=ing.8 A large German cohort 
demonstrated that older age predicts 
a lower rate of SVR in HCV monoin-
fection and does so more markedly in 
HIV/HCV coinfection, in which the SVR 
for those aged 50 years to 60 years 
declined by more than half to 23.5%, 
compared with 50% in those aged 18 
years to 30 years, with an adjusted OR 
for SVR at age 50 years to 60 years of 
0.17 (P = .006). Favorable IL28B geno-
type and low-density lipoprotein (LDL) 
receptor genotype have both been as-
sociated with SVR and, when evalu-
ated together, may improve predictive 
value. The favorable LDL receptor al-
lele C/C was correlated with a faster 
HCV RNA decline in patients on pegin-
terferon alfa/ribavirin with an already 
favorable IL28B C/C allele (Abstract 
765), suggesting a synergistic effect. A 
lack of the favorable IL28B C/C allele 
and of the LDL receptor C/C allele was 
associated with a 10-fold lower rate 
of RVR than was the presence of both 
favorable alleles in a small study (Ab-
stract 765) and with an odds ratio of 
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0.13 for SVR (P < .001) (Abstract 764). 
The importance of IL28B and LDL re-
ceptor genotype status with the newer 
DAA agents in HIV/HCV coinfection is 
not yet established. 

Impact of HCV on ART Hepatoxicity 
and Efficacy

HCV coinfection has been associated 
with increased hepatoxicity on ART. 
Although hepatoxicity has declined 
somewhat with current ART in HCV-
coinfected patients (37.5/100 person 
years in 2004-2009 vs 24.6/100 per-
son-years in 1997-1999), HCV-coin-
fected patients in the most recent time 
period still had up to a 12-times-higher 
relative risk of developing hepatoxicity 
on ART than patients without HCV in-
fection (Abstract 778). Similarly, in an 
analysis of several randomized AIDS 
Clinical Trials Group (ACTG) trials, the 
hazard ratio (HR) for developing earlier 
hepatotoxicity on ART was 1.53 for pa-
tients with HCV coinfection compared 
with those without HCV (Abstract 779). 
HCV-coinfected patients had statisti-
cally significantly earlier virologic fail-
ure of ART (72 weeks vs 182 weeks; 
P < .01) than their HCV-infected coun-
terparts, an aHR of virologic failure 
of 1.42, and a blunted CD4+ cell re-
sponse to ART initiation. 

Low Rates of HCV Testing and 
Treatment in the HIV Population 

Despite the importance of HCV as a 
growing driver of morbidity and mor-
tality in the HIV population, HCV coin-
fection is underdiagnosed and under-
treated. In a Florida cohort of more 
than 14,000 HIV-infected patients 
evaluated over 10 years, only 51% were 
ever tested for HCV. Of the 17.6% di-
agnosed with HCV infection, 44% were 
referred for hepatitis care, 12% were 
treated for HCV, and only 10% attained 
an SVR (Abstract 751). Improved diag-
nosis of HCV coinfection and access 
to HCV treatment will be crucial for 
HIV/HCV-coinfected patients to ben-
efit from the HCV DAAs’ tremendous 
promise of improved efficacy and 
shortened treatment.

Hepatitis B Virus

Decline in quantitative hepatitis B 
surface antigen (HbsAg) levels has 
emerged as an important predictor of 
patient response to hepatitis B virus 
(HBV) treatment. In HIV-coinfected 
patients positive for hepatitis B e anti-
gen (HbeAg) treated with up to 8 years 
of tenofovir, a decline in HbsAg of 2 
log10 or more at month 6 was corre-
lated with HbeAg loss by year 6. Pa-
tients with HbsAg less than 100 IU/mL 
at 6 months of treatment had a 71% 
probability of HbsAg loss, and none of 
the patients with HbsAg greater than 
100 IU/mL attained HbsAg loss during 
a median follow-up of 56 months (Ab-
stract 53). However, overall HbsAg loss 
was infrequent, occurring in 18% (8% 
HbeAg+ and 8% HbeAg-), indicating 
the long-term nature of HBV treatment 
in most HIV/HBV-coinfected patients. 
Suppression of HBV DNA alone with 
tenofovir can take years; only 56% had 
HBV DNA below the limit of detection 
after 1 year of tenofovir therapy (Ab-
stract 796). Where available, tenofovir 
is the mainstay of HIV/HBV treatment, 
because lamivudine monotherapy for 
HIV is associated with high rates of 
HBV resistance in HIV/HBV coinfec-
tion.9 A Malawi cohort of HIV/HBV-
coinfected patients treated for HBV 
with only lamivudine as part of ART 
demonstrated that 85% of those with 
detectable HBV DNA at 48 weeks had 
HBV-resistance mutations, reinforcing 
the need for access to tenofovir-based 
regimens for managing HBV coinfec-
tion in resource-limited settings (Ab-
stract 797). 

CVD and Ischemic Stroke

Identifying the mechanisms that un-
derlie cardiovascular disease (CVD) 
risk in the setting of HIV infection con-
tinues to be an active area of investi-
gation. Studies of treatment-naive pa-
tients may provide some insights into 
the role of HIV infection. A cross-sec-
tional study of relatively young (me-
dian age, 36 years) treatment-naive 
patients found that traditional risk fac-
tors (ie, age, weight, small LDL) were 
independently associated with carotid 

intima-media thickness (IMT), where-
as HIV RNA, CD4+ T-cell counts, and 
markers of immune activation (CD38 
expression on CD8+ and CD4+ T cells) 
were not (Abstract 801). A prospec-
tive study of carotid IMT progression 
in a group of untreated HIV patients 
matched to an HIV-uninfected group 
followed for 1 year demonstrated a 
higher rate of progression of carotid 
IMT in the HIV-uninfected group (Ab-
stract 802). Independent predictors of 
a greater change in common carotid 
artery IMT in this study were higher 
body mass index and family history 
of CVD, whereas predictors of greater 
change in bulb IMT were higher sol-
uble tumor necrosis factor receptor 
I (sTNF1) and higher diastolic blood 
pressure, and not other markers of 
inflammation. Together, these studies 
underscore the importance of tradi-
tional risk factors as a driving force for 
CVD in untreated HIV infection.

The D:A:D (Data Collection on Ad-
verse Events of Anti-HIV Drugs) study, 
a prospective cohort, has yielded many 
important observations about risk fac-
tors for CVD in patients with HIV. Now 
with more than 223,242 person-years 
of follow-up, a larger number of events 
has been recorded, including 716 myo-
cardial infarctions (MIs), 1056 coro-
nary heart disease (CHD) events (MI or 
invasive procedure), 303 strokes, and 
1374 CVD events, with overall rates of 
3.21, 4.75, 1.35, and 6.21 events/1000 
person-years, respectively (Abstract 
822). Sabin and D:A:D colleagues ex-
amined the relationships between na-
dir CD4+ cell count and latest CD4+ 
cell and CVD events. The associations 
between immunodeficiency and the 
CVD events varied. The investigators 
found no evidence of a higher risk of 
MI or CHD (MI plus invasive proce-
dures) in those with lower latest or na-
dir CD4+ cell counts. However, stroke 
and CVD (stroke plus CHD) rates were 
substantially higher in those with a lat-
est CD4+ cell count less than 100/µL. 
Of note, prior cytomegalovirus disease 
was significantly associated with CVD 
risk but not with stroke and did not 
modify the relationship between latest 
CD4+ cell count and the risk of stroke 
or CVD. These findings underscore the 
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potential importance of preventing 
CD4+ cell count decline with earlier 
treatment of HIV infection as a means 
of reducing CVD.

Hypertension, an important risk 
factor for CVD, is receiving more atten-
tion in HIV-infected patients. Armah 
and colleagues from the VACS (Veter-
ans Aging Cohort Study) Project Team, 
using data from the VACS database 
that includes more than 80,000 veter-
ans free of CVD at baseline, examined 
whether the association between sys-
tolic blood pressure and risk for acute 
MI differed by HIV serostatus (Abstract 
120). The risks of MI by JNC-7 (Seventh 
Report of the Joint National Commit-
tee on Prevention, Detection, Evalu-
ation, and Treatment of High Blood 
Pressure) blood pressure categories 
were compared in the HIV-seropositive 
and -seronegative groups after control-
ling for other known CVD risk factors. 
The association between blood pres-
sure category and the risk of acute MI 
was greater in the HIV-infected group 
at all levels, including the prehyper-
tension group (systolic blood pressure 
120 mmHg-139 mmHg on no medica-
tions). These findings have important 
implications for how we screen and 
manage CVD risk factors in patients 
with HIV.

The relationship between renal dys-
function and CVD risk received further 
attention this year at CROI. Investiga-
tors from the SUN (Study to Under-
stand the Natural History of HIV/AIDS 
in the Era of Effective Therapy) identi-
fied an association between declining 
kidney function and progression of ca-
rotid IMT (Abstract 804). The greatest 
impact of this association was found 
in those with the most impairment in 
renal function and among persons of 
older age or black race. An associa-
tion between impaired renal function 
and CVD events was also noted in an 
Italian cohort with a small number of 
clinical events (Abstract 868). 

Data from a large health care data-
base that included an HIV-uninfected 
control group indicated an association 
between HIV infection and the risk for 
ischemic stroke (Abstract 820). The in-
cidence rate of ischemic stroke in the 
HIV-seropositive cohort was 5.27/1000 

person-years, compared with 3.75/1000 
person-years in the HIV-seronegative 
cohort. After adjustment for several 
important confounders, the excess risk 
in the HIV group was attenuated but re-
mained significant (HR, 1.21; 95% CI, 
1.01-1.46; P = .043). The excess risk 
associated with HIV was most notable 
in younger patients, a finding that was 
previously observed for CVD in a simi-
lar database analysis.10 Within the HIV-
infected cohort, higher viral load was 
associated with increased stroke risk, 
and the use of NNRTIs was associated 
with decreased stroke risk. The issue 
of sensitivity of ICD-9 (International 
Statistical Classification of Diseases 
and Related Health Problems, ninth 
edition) codes for the diagnosis of sec-
ondary MIs, was raised by a study from 
the Centers for AIDS Research (CFAR) 
Network of Integrated Clinical Systems 
(CNICS) (Abstract 821). Using data 
from an ongoing cohort that includes 
laboratory and electrocardiography 
(ECG) data from all inpatient and out-
patient encounters, a group of review-
ers adjudicated potential MI events 
and found that only 35% of the definite 
or probable MI events would have been 
captured by ICD-9 codes and that this 
was due to a high rate of secondary MIs 
(in the setting of sepsis or cocaine use). 
The results of this study underscore the 
importance of secondary MI events in 
the setting of patients with HIV infec-
tion and highlight the limitations of the 
reliance on ICD-9 codes for epidemio-
logic research.

Rates of sudden cardiac death 
(SCD) for patients with HIV infection 
have not been well studied. Tseng and 
colleagues examined such SCD rates 
by studying the records of 2860 pa-
tients who died between 2000 and 
2009 (Abstract 824). SCD events were 
determined using standard criteria, 
and deaths in hospice or due to over-
dose, violence, suicide, cancer, or op-
portunistic infections were excluded. 
SCD accounted for 13% of all deaths 
and 86% of the cardiac deaths. Pa-
tients who died from SCD tended to 
have higher CD4+ cell counts and 
lower HIV RNA levels. The risk factors 
for SCD in patients with HIV warrant 
closer study.

Endothelial  Dysfunction 

Asymmetric dimethylarginine (ADMA), 
a marker of NO2-mediated endothe-
lial dysfunction that predicts the risk 
of CVD in the HIV-uninfected popula-
tion, received a lot of attention at the 
conference (Abstracts 831-833, 841). 
In a cross-sectional study comparing 
HIV-seropositive patients to controls, 
ADMA levels were higher in the HIV-
infected group. Lower CD4+ cell count 
and higher HIV RNA level were associ-
ated with higher ADMA level (Abstract 
833). ADMA level was also associated 
with pulmonary hypertension in an-
other study (Abstract 841). Previous 
studies have demonstrated that endo-
thelial function, as measured by flow-
mediated dilatation of the brachial ar-
tery, improves when ART is initiated. 
It was therefore reassuring to see im-
provements in ADMA in patients start-
ed on ART (Abstracts 831, 832). Baker 
and colleagues from the INSIGHT/
SMART (International Network for Stra-
tegic Initiatives in Global HIV Trials/
Strategies for Management of Antiret-
roviral Therapy) Study Groups report-
ed a decline in ADMA among patients 
starting ART compared with those who 
deferred therapy (Abstract 831). The 
decline in ADMA was greater among 
those with higher baseline levels of 
high-sensitivity C-reactive protein 
(hsCRP) and D-dimer but did not differ 
according to HIV RNA level or CD4+ 
cell count. More long-term studies are 
needed to determine whether declines 
in ADMA on ART predict reduced risk 
for future CVD events.

Questions remain about the asso-
ciation between specific antiretrovi-
ral agents and changes in endothelial 
function and markers of inflamma-
tion. Wohl and colleagues reported the 
results of the NICE (Nucleoside Inflam-
mation, Coagulation, and Endothelial 
Function) Study (Abstract 838), a cross-
sectional study in which flow-mediat-
ed dilation (FMD) of the brachial artery 
and markers of inflammation were 
compared among patients who had 
originally been randomly assigned to 
receive ART including either abacavir 
or tenofovir. Individuals who had been 
receiving ART regimens containing  

Luetkemeyer(5-22-12).indd   52 6/1/12   6:19 PM



53

Conference Highlights—HIV Complications    Volume 20 Issue 2   June/July 2012

zidovudine served as the control 
group. Lower (more impaired) FMD 
was observed in the abacavir group 
(3.9%) and the tenofovir group (4.5%) 
than in the zidovudine group (6.1%). 
However, lower levels of hsCRP and D-
dimer were observed in the abacavir 
and tenofovir groups. Prospective ran-
domized studies will be required to lay 
this issue to rest. 

Novel Imaging Methods and CVD

New data from novel imaging modali-
ties were employed to investigate the 
prevalence and mechanisms of CVD 
in HIV patients. Subramanian and col-
leagues used fludeoxyglucose positron 
emission tomography (18FDG-PET) to 
evaluate arterial-wall inflammation in 
HIV-infected patients in relation to tra-
ditional and non-traditional risk mark-
ers, including coronary calcium and a 
marker of macrophage activation, sol-
uble hemoglobin scavenger receptor 
(sCD163) (Abstract 121). HIV-infected 
participants with low Framingham 
Risk Scores (FRS) were compared with 
a matched HIV-seronegative group. A 
third group with known atherosclerot-
ic disease served as positive controls. 
Arterial inflammation was higher in 
the HIV-seropositive subjects than in 
the FRS-matched control subjects but 
was similar to that of the atheroscle-
rotic controls. When the analysis was 
restricted to the group with zero coro-
nary calcium detected by computed 
tomography (CT) scan, the intensity of 
arterial inflammation remained greater 
in the HIV-seropositive group. Arterial 
inflammation as measured by 18FDG-
PET was associated with the macro-
phage activation marker sCD163 but 
not with hsCRP. These findings suggest 
that macrophage activation may con-
tribute to atherosclerosis in HIV; they 
also uncover a substantial amount of 
disease in patients deemed to be at low 
risk according to traditional measures. 
Cardiac magnetic resonance imaging 
and magnetic resonance spectroscopy 
were used to assess myocardial fibro-
sis, cardiac systolic and diastolic func-
tion, cardiac torsion, and intramyo-
cardial lipids in a descriptive study of 
myocardial disease in an observational 

study of 104 HIV-infected patients and 
39 age-matched controls without a his-
tory of CVD (Abstract 810). In addition, 
transthoracic echocardiography was 
used to measure cardiac diastolic func-
tion. The prevalence of midwall and 
epicardial myocardial fibrosis of the 
left ventricle was significantly higher 
in the HIV-infected group. Myocardial 
lipid content was 43% higher in the 
treated HIV-infected patients than in 
the controls. The prevalence of systolic 
and diastolic dysfunction was higher 
in the HIV-infected group and most 
notable among the smaller group of 
ART-naive participants. Longitudinal 
assessments of HIV-infected patients 
initiating therapy are needed to deter-
mine the time course and relationship 
between the development of myocar-
dial fibrosis and steatosis and ART and 
to determine the clinical significance 
of these findings.

The MACS (Multicenter AIDS Cohort 
Study) group investigated the relation-
ship between fat depots, markers of 
inflammation, and other factors asso-
ciated with coronary plaque in a large 
cohort of HIV-seropositive and -sero-
negative men. Using CT angiography, 
the group was able to examine the 
prevalence of coronary plaque and to 
distinguish calcified plaque from the 
earlier-stage, noncalcified plaque. This 
distinction is important, as non-calci-
fied plaque may be more prone to rup-
ture. Plaque composition was graded in 
coronary segments to generate scores 
for total, noncalcified, mixed, and cal-
cified plaque (Abstracts 807-809). The 
prevalence of coronary plaque did not 
differ between the HIV-seropositive 
and  seronegative men, but non cal-
cified plaque was more common in 
those with HIV and appeared to be as-
sociated with nadir CD4+ cell counts. 
Higher plasma levels of interleukin 6 
(IL-6) and tumor necrosis factor-alpha 
receptor 1 (TNFα-R1) were associated 
with measures of advanced HIV dis-
ease and increased subclinical coro-
nary atherosclerotic plaque (Abstract 
808). In both HIV-seropositive and -se-
ronegative men, larger amounts of vis-
ceral fat were associated with higher 
plaque scores. However, the relation-
ship between subcutaneous fat, liver 

fat, and plaque varied by HIV serosta-
tus. Lower amounts of subcutaneous 
fat correlated with greater amounts 
of mixed plaque only in the HIV-sero-
positive group. These findings support 
the idea that inflammation contrib-
utes to atherosclerosis in HIV-infected 
patients and might shed light on the 
importance of noncalcified plaque in 
patients with HIV infection.

Interventions to Reduce 
Cardiovascular Risk

There are limited data from random-
ized controlled trials on outcomes of 
interventions aimed at reducing car-
diovascular risk. Fitch and colleagues 
reported the results of a small, double-
blind, placebo-controlled, 12-month 
study of 50 HIV-infected patients with 
metabolic syndrome that compared 
the effect of lifestyle modification 
(LSM; 60 minutes of exercise 3 times 
per week, with weekly nutrition coun-
seling) with metformin (500 mg twice 
daily for 3 months, followed by 850 
mg twice daily) on the progression of 
coronary artery calcification (CAC) as 
measured by CT scan (Abstract 119). 
After 48 weeks of follow-up, 72% of 
the participants remained in the study. 
Progression of CAC was statistically 
significantly reduced in the metformin-
treated group compared with the LSM 
group. These results were driven by a 
high rate of CAC progression in the pla-
cebo groups (these groups also had a 
higher prevalence of CAC at baseline) 
compared with minimal change in the 
metformin group. The finding of a 56% 
change in CAC over 1 year in the place-
bo groups was noted as a striking rate 
of progression, much greater than what 
has been reported in the general popu-
lation. The authors also noted that the 
sample size may have been too small 
to demonstrate an effect of LSM. This 
is the first study to show a potential 
benefit of metformin for reducing CAC 
progression in general and, in particu-
lar, in patients with HIV infection with 
metabolic syndrome. The findings war-
rant further research in a larger study 
and more investigation to determine 
whether metformin will reduce cardio-
vascular events. 

Luetkemeyer(5-22-12).indd   53 6/1/12   6:19 PM



IAS–USA        Topics in Antiviral Medicine

54

Statin drugs have been demonstrat-
ed to reduce mortality in patients with 
prior cardiovascular disease, and there 
is great interest in other properties of 
the drugs in its class due to their poten-
tial to reduce inflammation. By exam-
ining the outcomes of patients who ini-
tiated statin therapy during long-term 
follow-up in ACTG studies, Overton and 
colleagues explored whether statins 
reduce the risk for serious non-AIDS 
events and all-cause mortality (Ab-
stract 124). Statin use was not associ-
ated with a reduction in mortality in 
the group overall; however, among the 
subgroup over the age of 50 years, the 
risk of mortality was lower among the 
statin users. In exploratory analyses, 
statins appeared to have a protective 
effect in reducing malignancy events 
(see Malignancies, below). Although 
limited by the observational nature of 
this cohort, these pilot findings should 
help to guide future efforts to explore 
the potential benefits of statin drugs 
for patients with HIV. 

Finally, a pilot study examined the 
impact of pravastatin and lisinopril 
in virologically suppressed patients 
with a modest level of CVD risk. The 
researchers found a statistically sig-
nificant reduction in biomarkers of in-
flammation (hsCRP and TNFα-R1) in 
the lisinopril-treated patients but saw 
no improvement in lipids or inflamma-
tory markers in the group receiving 20 
mg of pravastatin (Abstract 825). Fu-
ture studies of statin therapy, targeting 
patients at highest risk of long-term 
complications, appear to be warrant-
ed.

Biomarkers of Inflammation and 
Risk of End-Organ Disease

There continues to be tremendous in-
terest in identifying biomarkers that 
predict the risk of end-organ disease 
(eg, CVD and hepatic and renal events) 
in HIV-infected patients. Previous stud-
ies have found strong associations 
between markers of inflammation 
(hsCRP and IL-6), altered coagulation 
(D-dimers) and microbial transloca-
tion, and morbidity and mortality in 
treated and un-treated HIV infection. 
Investigators from VACS examined lev-

els of these biomarkers in HIV-infected 
veterans and a matched group of HIV-
uninfected veterans with a similar bur-
den of comorbid diseases and found 
that higher levels of the biomarkers 
IL-6 and D-dimer (> 75th percentile) 
were most notable in the HIV-seropos-
itive veterans with an unsuppressed 
HIV viral load or a low CD4+ cell count. 
Higher levels of soluble CD14 (sCD14) 
were only seen in the HIV group with 
CD4+ counts lower than 200 cells/µL 
(Abstract 829). 

Microbial Translocation and Clinical 
Outcomes

It has been postulated that the loss of 
gut lymphoid tissue early in the course 
of HIV infection can lead to microbial 
translocation. However, the direct rela-
tionship between markers of microbial 
translocation and the progression of 
clinical disease and mortality remains 
incompletely understood. Hunt and 
colleagues examined the relationship 
between plasma markers of inflamma-
tion, monocyte activation, coagulation, 
indoleamine 2,3-dioxygenase (IDO)-
induced tryptophan catabolism, and gut 
epithelial barrier dysfunction (intestinal 
fatty acid binding protein [I-FABP] and 
zonulin, a protein involved in tight junc-
tions between gut cells), and mortality 
in a case-controlled study of treated 
virally suppressed patients with a his-
tory of AIDS (Abstract 278). Strong as-
sociations between markers of inflam-
mation (OR for IL-6, 119), gut epithelial 
barrier dysfunction (independent as-
sociations for both I-FABP and zonulin 
after controlling for the other markers 
were noted), IDO-induced tryptophan 
catabolism and coagulation (OR for D-
dimer, 29) were observed. Other stud-
ies investigating relationships between 
sCD14, a measure of monocyte activa-
tion, and clinical outcomes found asso-
ciations between higher plasma levels 
of sCD14 and progression of athero-
sclerosis (as measured by carotid IMT) 
in adults (Abstract 122) but not in chil-
dren (Abstract 976), as a predictor of 
the development of hypertension (Ab-
stract 814), and as a marker for the risk 
for mother-to-child transmission (Ab-
stract 1039). In addition, several studies 

examined the associations between ce-
rebrospinal fluid (CSF) levels of sCD14 
and neurologic outcomes (see Spudich 
et al in this issue). These findings con-
firmed the important relationship be-
tween markers of gut permeability and 
outcomes in treated HIV infection and 
open the door for interventions aimed 
at reducing the impact of microbial 
translocation in treated HIV infection. 
Further support for such studies came 
from the results of Pandrea and col-
leagues, showing that administration 
of rifaximin and sulfasalazine during 
acute simian immunodeficiency virus 
(SIV) infection reduced markers of mi-
crobial translocation and coagulation 
and had an impact on SIV replication 
in pigtail macaques (Abstract 162). Re-
sults from ongoing studies of similar in-
terventions in patients with HIV infec-
tion are eagerly awaited.

Interesting new insights into how 
different ART regimens might contrib-
ute to changes in biomarkers of mi-
crobial translocation emerged at the 
conference. Small studies using stored 
samples from randomized clinical trials 
examined changes in these biomarkers 
(Abstracts 277, 338, 836). Barqasho 
found that sCD14 declined during 72 
weeks of ART with either lopinavir/r or 
efavirenz; however, a greater decline 
in antiflagellin antibiodies and I-FABP 
was noted among those who received 
lopinavir/r than in those who received 
efavirenz (Abstract 836). In the SPIRAL 
(Switching from Protease Inhibitor 
to Raltegravir in HIV Stable Patients) 
study, patients who were virologically 
suppressed on a lopinavir/r-based regi-
men were randomly assigned to switch 
to raltegravir or remain on lopinavir/r. 
A greater decline in sCD14 was ob-
served in the raltegravir-treated group 
than in those remaining on lopinavir/r. 
A study of raltegravir intensification 
failed to document a greater decline in 
sCD14 (Abstract 338). Further work is 
needed to determine whether specific 
ART regimens have varied effects on 
gut healing. 

Lipids

Metabolomic profiling is a novel method 
for investigating associations between 
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specific circulating metabolites and 
clinical conditions. Cassol and col-
leagues reported one of the first in-
depth studies of the metabolome in 
HIV-infected patients on suppressive 
ART with risk factors for hepatic dys-
function to investigate the relationship 
between hepatic dysfunction and met-
abolic abnormalities (Abstract 118). 
Studies were conducted in an initial 
and a validation cohort that included 
noninfected controls in both cohorts. 
More than 300 metabolites were de-
tected by mass spectroscopy in each 
cohort, and a distinct signature of 
metabolite levels was observed in the 
HIV-infected patients in both cohorts. 
The majority of abnormal metabolites 
in the HIV group were lipids, followed 
by amino acids. Summarizing an enor-
mous amount of data, the investiga-
tors concluded that the patterns of me-
tabolites observed indicated decreased 
lipolysis associated with mitochondrial 
dysfunction and altered regulation 
of nuclear receptors controlling lipid 
metabolism and inflammation. In ad-
dition, there appeared to be an asso-
ciation between processes involved in 
hepatic steatosis, microbial transloca-
tion, and dyslipidemia in HIV patients.

Nuclear magnetic resonance (NMR) 
spectroscopy was used to further de-
fine lipid changes that occur in treat-
ment-naive patients randomly as-
signed to efavirenz or atazanavir/r. In 
both groups, ART promoted a restora-
tion of high-density lipoprotein (HDL) 
and an increase in the large HDL sub-
class. However, 16% of the participants 
did not reach normal levels after 48 
weeks of treatment. Patients on efavi-
renz had greater increases in HDL, but 
these were in the large HDL particles 
that are believed to be protective (Ab-
stract 850). 

Lipoatrophy

Discontinuation of thymidine ana-
logue nRTIs is the only proven benefi-
cial strategy for recovery from lipoat-
rophy. An open-label, 96-week study 
of lopinavir/r twice daily plus abaca-
vir and lamivudine versus lopinavir/r 
twice daily monotherapy was con-
ducted in patients with moderate to 

severe lipoatrophy while they received 
zidovudine/lamivudine/abacavir (Ab-
stract 846). The primary endpoint was 
change in limb fat at 48 weeks; the 
secondary, at 96 weeks, was limb-fat 
change; HIV RNA level, lipid level, and 
adverse events were also measured. 
Switching either to lopinavir/r plus ab-
acavir and lamivudine or to lopinavir/r 
monotherapy led to non-statistically 
significant limb-fat increases at 2 years 
that were lower than those previously 
reported. There were no differences in 
limb-fat gain between both strategies.

Calculating the fat mass ratio us-
ing dual-energy x-ray absorptiometry 
scanning (DEXA) data (percentage of 
trunk fat/percentage of limb fat) has 
been reported as a useful metric for 
assessing the prevalence of lipodystro-
phy.11 Martinez and colleagues report-
ed an improvement in limb fat as well 
as a normalizing of the fat mass ratio 
among patients who switched from a 
zidovudine-based regimen to tenofovir 
in the RECOMB (Peripheral Body Fat 
Distribution After Switching Zidovu-
dine and Lamivudine to Truvada) study 
(Abstract 845).

The pathogenesis of dorsocervical 
fat depots in patients with HIV infec-
tion remains poorly defined, and it has 
been postulated that this fat may have 
some characteristics of brown fat. In 
an intensive study involving 18FDG-PET 
and fat biopsies to measure gene ex-
pression in patients with HIV lipodys-
trophy and in non-HIV-infected adults, 
Torriani and colleagues reported that 
the adipose tissue in the dorsocervi-
cal area did not appear to be classical 
brown fat (Abstract 849). However, the 
study did demonstrate an increase in 
deiodinase 2 expression, which may 
be related to increased energy expen-
diture.

Gerschenson and colleagues report-
ed that lower baseline measures of 
mitochondrial function (mitochondri-
al oxidative phosphorylation protein 
levels) measured in peripheral blood 
mononuclear cells predicted greater 
amounts of fat loss in Thai patients 
starting ART. These results further sup-
port the notion that mitochondrial dys-
function underlies fat loss related to 
thymidine nRTIs (Abstract 848). Final-

ly, it is important to note that lipodys-
trophy remains an important clinical 
problem in areas in which stavudine 
continues to be used as first-line ART. 
Shiau and colleagues, using a stan-
dardized exam, reported that nearly 
20% of children treated with ART prior 
to the age of 2 years had definite or 
probable lipodystrophy (Abstract 973). 
The long-term consequences of these 
early fat changes require further study 
as efforts to obtain alternative initial 
ART regimens continue.

Vitamin D

Significant interest continues in the 
relationship between vitamin D defi-
ciency and a variety of outcomes in 
HIV infection, specifically metabolic 
complications and HIV-disease pro-
gression. A previous study in adults 
demonstrated a relationship between 
specific vitamin D receptor mutations 
and rapid progression of HIV disease. 
Moodley and colleagues demonstrat-
ed this same finding among children, 
suggesting a possible role of vitamin 
D in HIV pathogenesis (Abstract 996). 
Vitamin D insufficiency (defined as < 
32 ng/mL) before the start of ART was 
associated with HIV-disease progres-
sion and mortality among participants 
from resource-limited settings enrolled 
in the PEARLS (Prospective Evaluation 
of Antiretrovirals in Resource-Limited 
Settings) study confirming the results 
of earlier reports from cohort studies 
(Abstract 886). Low levels of vitamin D 
have been correlated with carotid IMT 
in adults, but these findings were not 
replicated in a small study of children 
(Abstract 977). In an observational 
study, replacing vitamin D reduced 
glucose and (unexpectedly) adipo-
nectin levels but had no effect on in-
sulin levels (Abstract 884). In a large 
group of patients in a French cohort 
ANRS COPANA (Agence Nationale de 
Recherches sur le SIDA Cohorte de 
Patients Non traités par Antirétrovi-
raux à l'inclusion), low 25-hydroxyvi-
tamin D (25[OH]D) levels were associ-
ated with lower CD4+ cell counts and 
higher levels of inflammation markers 
in black and white patients. However, 
the associations between low vitamin 
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D and body mass index, visceral adi-
pose tissue, and leptin levels were only 
observed among white patients. In 
contrast to findings in HCV monoin-
fection, baseline 25(OH)D levels did 
not predict early virologic response in 
patients with HIV/HCV coinfection (Ab-
stract 767). 

The efficacy of different vitamin D 
replacement strategies has not been 
well studied in patients with HIV in-
fection. Pacanowski and colleagues 
reported the results of a large prospec-
tive study (n = 483) in which cholecal-
ciferol (D3) supplementation 100,000 
IU/month was prescribed in escalating 
doses to patients according to the de-
gree of vitamin D deficiency. Uvedose 
100,000 IU/ampoule was prescribed 
for patients according to baseline 
25(OH)D: for participants with base-
line 25(OH)D levels of 10 ng/mL to 
30 ng/mL, 100,000 IU/month for 4 
months, and for those with 25(OH)
D levels below 10 ng/mL, 100,000 IU 
every 2 weeks for 2 months and then 
100,000 IU/month for 2 additional 
months. Not surprisingly, the follow-up 
levels of 25(OH)D correlated with the 
number of doses received. No cases of 
hyperkalemia were reported, but over-
all efficacy was difficult to ascertain.

Bone Disease

Low bone mineral density (BMD) is 
common in patients with HIV infec-
tion, and screening guidelines recom-
mend considering DEXA scans for 
those over the age of 50 years with 
1 or more risk factors for osteopenia. 
Chu and colleagues from the Houston 
Veterans Administration Medical Cen-
ter reviewed compliance with these 
screening recommendations in a large 
HIV practice (Abstract 876). Among 
the 476 men over the age of 50 years, 
84% had 1 or more risk factors for os-
teopenia (> 95% if use of tenofovir 
was considered a risk factor), yet only 
15% had undergone DEXA screening, 
and few who were found to have os-
teopenia when screened had complete 
work-ups. 

The relationship between HIV infec-
tion, specific ART drugs, immune re-
constitution, and bone loss continues 

to be explored. Brown and ACTG col-
leagues found a low prevalence of low 
BMD among treatment-naive patients 
enrolling in an ART clinical trial and 
no associations between parameters 
reflective of HIV-disease status or im-
mune activation and low BMD (Ab-
stract 875). On the other hand, Gaz-
zola reported an association between 
the level of CD4+ and CD8+ T-cell acti-
vation and lower BMD in a small group 
of ART-treated patients (Abstract 879). 
Ofotokun and colleagues previously 
demonstrated a relationship between 
early bone loss after starting ART and 
immune reconstitution. They further 
explored the contributions of ART to 
bone loss by examining markers of 
bone resorption and formation in a co-
hort of patients with suppressed HIV-1 
RNA who were switched from nRTI-
based ART to lopinavir/r and raltegra-
vir (Abstract 877). Over 48 weeks fol-
lowing the change in ART, markers of 
bone resorption (C-terminal telopep-
tide [CTx]) were stable. However, a sta-
tistically significant drop in osteocal-
cin, a marker of bone formation, was 
noted. The mechanism explaining this 
drop in bone formation requires fur-
ther study to determine whether this 
might represent a late effect of ART or 
the sequelae of immune restoration. 
Finally, 2 studies examined the asso-
ciation between tenofovir exposure 
and bone loss in switch studies. Cotter 
and colleagues examined bone turn-
over markers and DEXA results in a 
randomized trial comparing continued 
therapy with ART containing zidovu-
dine/lamivudine with a switch to ART 
containing tenofovir among patients 
who were virologically suppressed 
(Abstract 125LB). After 48 weeks of 
follow-up, BMD declined (-2% in lum-
bar BMD) in the tenofovir group, cor-
responding to increases in markers of 
bone turnover. Bloch and colleagues 
examined bone markers in a study 
of patients switching from tenofovir 
to raltegravir while continuing a PI/r 
(Abstract 878). The participants in this 
open-label study had been aviremic 
and on ART containing tenofovir for an 
average of 3 years. BMD increased af-
ter the change in regimen, and mark-
ers of bone turnover declined statisti-

cally significantly, suggesting that in 
this setting, tenofovir was probably 
contributing to bone loss prior to the 
change to raltegravir. Together, these 
switch studies provide further support 
for the likely contribution of tenofovir 
exposure to bone loss. However, the 
clinical significance of these changes 
remains unclear and warrants further 
follow-up.

Renal Complications 

Understanding and predicting the re-
nal toxicity of ART agents, particularly 
tenofovir, was highlighted at this year’s 
CROI. In patients with normal baseline 
estimated clearance (by Cockcroft-
Gault) the D:A:D study reported a sta-
tistically significant association of esti-
mated glomerular filtration rate (eGFR) 
decline to less than 70 with tenofovir, 
and eGFR decline to less than 70 as 
well as to chronic kidney disease (eGFR 
< 60) with atazanavir/r and lopinavir/r. 
However, overall rates of renal toxicity 
in this cohort of more than 22,000 sub-
jects were low, with 2.1% developing 
eGFR below 70 mL/min/1.73m2 and 
0.6% developing eGFR below 60 over 
a median 4.5 years of follow-up (Ab-
stract 865). Renal function appeared to 
normalize when these drugs were dis-
continued, suggesting reversibility. By 
contrast, in a Spanish cohort, although 
60% of tenofovir-associated nephro-
toxicity rapidly reversed after tenofovir 
was discontinued, 31% of patients had 
persistently abnormal kidney function 
after a median period of 22 months 
(Abstract 870). Suggesting a value for 
predicting tenofovir toxicity, higher te-
nofovir plasma levels were associated 
with renal toxicity in a Dutch cohort, 
but a clear threshold for tenofovir lev-
els that identified the risk for renal 
toxicity with acceptable sensitivity and 
specificity could not be identified (Ab-
stract 603). Elevated tenofovir trough 
levels were linked to accompanying 
ART; both boosted and unboosted PIs 
were associated with higher tenofovir 
troughs compared with NNRTIs and 
integrase inhibitors, suggesting that 
the association of PIs with renal dys-
function may in part be mediated by 
increased tenofovir levels. 
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Aging and HIV

Many of the common problems ob-
served in long-term treated HIV infec-
tion resemble those seen in normal 
aging. Factors that contribute to the 
phenotype of premature aging in HIV 
infection continue to be explored. 
One hypothesis is that mitochondrial 
dysfunction may contribute to loss of 
muscle volume and function. Payne 
and colleagues examined mitochon-
drial function by studying phospho-
rus magnetic resonance spectroscopy 
(31P-MRS) of the gastrocnemius/so-
leus muscle at rest and during recov-
ery from brief exercise in a group of 
older HIV patients and age-matched 
controls (Abstract 856). The study 
also included data on muscle biop-
sies. The findings of higher levels of 
basal adenosine triphosphate (ATP) 
metabolite levels combined with 
preserved function during exercise 
in the HIV group were thought to be 
consistent with functional compen-
sation for an acquired mitochondrial 
DNA defect. In addition, the authors 
concluded that the disordered muscle 
pH handling noted in the HIV group 
may contribute to fatigue. Another 
potential contributor to the aging 
phenotype in HIV is immune activa-
tion and immune senescence. Hearps 
compared the phenotypes of mono-
cytes in young HIV-seropositive men 
with those in matched controls and in 
older patients and found that HIV in-
fection was associated with changes 
in monocyte phenotype and function 
that resemble those observed in el-
derly uninfected individuals (Abstract 
324). Specifically, elevated plasma 
levels of innate immune activation 
markers (sCD163, neopterin, and in-
terferon gamma-induced protein 10 
[IP-10]) correlated with the pheno-
types observed in the HIV-infected 
patients. In addition, monocytes from 
HIV-seropositive patients have shorter 
telomeres than do healthy controls. 
These findings suggest that chronic 
HIV infection may be associated with 
the aging of monocytes, which in turn 
may contribute to the development 
of complications observed with long-
term HIV infection. 

Malignancies 

There has been increasing recognition 
of the elevated risk in the HIV-infected 
population of non–AIDS-defining ma-
lignancies (NADM), both infectious in 
etiology, such as anal and hepatocel-
lular carcinoma, and noninfectious 
cancers, such as colon and lung can-
cer. In the D:A:D cohort, immuno-
suppression and low nadir CD4+ cell 
count emerged again as risk factors 
for NADM (Abstract 130). Lung can-
cer was associated with a nadir CD4+ 
cell count, Hodgkin's lymphoma with 
lower recent CD4+ cell count and HIV 
viremia, and anal cancer with lower 
recent CD4+ cell count and duration 
of immunosuppression. HIV-infected 
patients generally had a younger age 
at the time of diagnosis with NADM, 
with a trend toward more advanced 
stages of lung and anal cancers at the 
time of diagnoses, than HIV-uninfect-
ed counterparts in the Kaiser database 
(Abstract 903). HIV-infected patients 
with prostate cancer (84% vs 91%;  
P = .038) and lung cancer (8% vs 22%; 
P < .001), had reduced 5-year survival 
rates compared with HIV-uninfected 
subjects. The NA-ACCORD (North 
American AIDS Cohort Collaboration 
on Research and Design) found higher 
incidence of oral-cavity and pharynyx 
cancer in HIV-infected patients com-
pared with an HIV-uninfected cohort, 
and this risk increased with age over 
50 years and baseline CD4+ count less 
than 350 cells/µL (Abstract 133). 

Given accumulating data for the use 
of CT scan for lung cancer screening 
in HIV-infected patients12 and elevated 
rates of lung cancer in HIV infection, 
it was encouraging to note that HIV-
seropositive patients undergoing chest 
CTs in prospective evaluations of HIV-
associated lung disease did not have 
higher rates of incidental pulmonary 
nodules than did HIV-uninfected pa-
tients (Abstract 907). Further data are 
needed to define the role of screening 
chest CTs for lung-cancer detection in 
HIV infection. 

In an analysis of several ACTG ran-
domized trials, statin use (prescribed 
as indicated by the practitioner) was 
associated with a statistically signifi-

cant decrease in malignancy of 55% 
compared with those not on a statin 
(Abstract 124). Prior studies13-15 of 
HIV-uninfected populations have also 
suggested an association of statin use 
with a decrease in malignancies. This 
association to date has not been borne 
out in subsequent meta-analyses.16,17 
Whether statins are indeed driving the 
reduction in malignancy in HIV infec-
tion or the results are due to confound-
ing given the observational nature of 
the study will require further study. 

Tuberculosis

Prevention 

Whether to provide at least 36 months 
(vs 6 months) of isoniazid (INH) pre-
ventive therapy (IPT) for HIV-infected 
persons living in high tuberculosis 
(TB)-incident regions is still debated, 
despite evidence from several random-
ized controlled trials. Samandari con-
tributed to this debate by analyzing TB 
rates in an IPT trial in Botswana after 
all study participants were randomly 
assigned to 6 or 36 months of INH 
discontinued IPT (Abstract 147). Dur-
ing the evaluation of 1995 HIV-sero-
positive subjects within the 36-month 
study period, TB rates were 1.26% 
versus 0.72% (P = .047) in the 6- ver-
sus 36-month IPT groups, respectively. 
After the study period, when no par-
ticipants were taking IPT, rates of TB 
among tuberculin skin test-positive 
persons who had been randomly as-
signed to 36 months of IPT increased 
by 70%. These data suggest that HIV-
infected persons living in high TB-inci-
dent areas are susceptible to repeat TB 
infection and benefit from prolonged 
IPT. 

TB infection rates are extraordi-
narily elevated in certain settings, such 
as mines, due to poor ventilation and 
silicosis. In South African gold mines, 
up to 30% of workers are HIV infect-
ed, making this work environment a 
high priority for TB-prevention efforts. 
Churchyard presented the first glimpse 
into results from the eagerly awaited 
Thibela study in TB (Abstract 150aLB). 
Using a cluster randomized study de-
sign in South African gold mines,  
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investigators tested the hypothesis 
that providing IPT to all gold-mine 
workers, regardless of their HIV se-
rostatus, would reduce the incidence 
of TB. There were 41,387 miners in 
the intervention cluster and 37,209 
in the control cluster. HIV infection 
was reported in 12% of the study par-
ticipants, though actual HIV testing of 
study participants was prohibited by 
organized labor. Within the interven-
tion group, 67% of miners participated 
in the study, and 87% of these started 
IPT. Uptake of IPT as measured by 
medication pick-up varied in the range 
of 35% to 79%. In the analysis of the 
primary endpoint of TB incidence, 
there was no difference between the 
treatment groups: 3.04 TB cases/100 
person-years in the intervention group 
versus 2.96/100 person-years in the 
control group (incidence rate ratio 
[IRR], 1.02; 95% CI, 0.77-1.31).

In part 2 of the Thibela trial results, 
investigators presented the individual-
level benefit of IPT in the gold mines 
(Abstract 150bLB). For this analysis, 
the investigators included only pa-
tients in the intervention group who 
started IPT. During the first 9 months 
of observation when patients were 
receiving IPT, rates of TB were 63% 
lower in the intervention group, with 
0.95 cases/100 person-years, than in 
the control group, with 2.53 cases/100 
person years. After 9 months, rates in 
the 2 groups were similar in the range 
of 2.1/100 person-years to 2.6/100 per-
son-years. Thus in the Thibela study, 
widespread IPT was not successful in 
reducing TB rates at the community 
level but showed evidence of individ-
ual-level benefit. The most obvious 
explanation for these findings is that 
the uptake of the intervention by in-
dividuals was insufficient to confer a 
benefit detectable at the community 
level. Failing to start IPT and nonadher-
ence to IPT both contributed. In addi-
tion, the analysis of the individual-level 
benefit underscored the importance of 
lifelong IPT because the beneficial ef-
fect of IPT was lost after its discontinu-
ation. The authors concluded that their 
study supports targeted (eg, for HIV-
seropositive subjects) versus commu-
nity-wide IPT. However, some would 

argue that abandoning evaluation of 
a community-level approach could be 
premature because community uptake 
in this trial was limited. 

Further insights into TB prevention 
efforts were gained in the ZAMSTAR 
(Zambia/South Africa TB and AIDS 
Reduction) trial conducted in Zambia 
and South Africa (Abstract 149bLB). 
This study evaluated both enhanced 
case finding at the community level 
and household TB case prevention and 
detection strategy using a community 
cluster randomized design that covered 
nearly a million persons. TB preva-
lence and transmission were both low-
er in the household-intervention popu-
lations than in the control, although 
the reported data showed confidence 
intervals that crossed 1. There was no 
difference between the enhanced case 
finding using community-based inter-
vention and the control communities. 
The authors posited that the trend for 
reduction in TB prevalence and trans-
mission to favor household interven-
tion was promising. Upon questioning, 
Ayers stated that the cost of interven-
tion was around US $1 per person but 
added that detailed costing studies 
were under way. 

Diagnosis

Identifying active TB prior to the start 
of ART remains a challenge. Swindells 
reported 13% prevalence of TB among 
HIV-seropositive patients who were 
waiting to start ART and were screened 
for TB using clinical symptoms and 
culture at sites in sub-Saharan Africa 
(Abstract 927). As expected, clinical-
symptom screens were sensitive for 
TB, although notably 5 of 52 patients 
with TB reported no cardinal symp-
toms. The positive predictive value of 
symptoms was only 24%. This study 
underscores the need for more sensi-
tive and specific diagnostic algorithms. 
The Xpert® MTB/RIF molecular diag-
nostic technology holds promise for 
rapid detection of TB in HIV-infected 
patients and is more sensitive than rou-
tine acid-fast bacillus smear. However, 
there are still a substantial number of 
persons with TB who screen negative 
using this technology. In South Africa, 

where the Xpert® technology is the 
first line for TB diagnosis, TB suspects 
who have a negative Xpert (X) had a 
follow-up culture (C) for screening. 
Because a second Xpert test can in-
crease detection of TB, investigators 
performed a cost-assessment model of 
an algorithm comparing 2 sequential 
Xperts (X/X) with an Xpert followed 
by culture (X/C) (Abstract 923). In this 
model, the X/X was superior to X/C be-
cause the former detected cases faster, 
simplified logistics, and saved costs. 

In another study examining po-
tential benefits of the line-probe as-
say GenoType® MTBDRplus to iden-
tify multi-drug-resistant TB (MDR-TB) 
cases in South Africa, the detection of 
MDR-TB increased and the time to start 
MDR-TB treatment decreased after the 
introduction of MTBDRplus. However, 
median time to start MDR-TB treat-
ment from the initial clinic visit was 
still unacceptably high, at 2 months 
(Abstract 925). Finally, Dorman re-
ported that the point-of-care test De-
termine™ TB-LAM, which detects uri-
nary mycobacterial lipoarabinomannan 
(LAM), reported a sensitivity of 44.8% 
and a specificity of 90.1% (Abstract 
149aLB). The test had a higher sensi-
tivity in patients with lower CD4+ cell 
count and could be an adjunctive test 
for clinicians. However, more work is 
needed to determine the relative con-
tribution of this assay in view of limi-
tations arising from its sensitivity and 
positive predictive value. 

ART and TB Treatment 

Global guidelines now recommend 
that ART start in TB patients at 2 
weeks after the initiation of TB treat-
ment, based on randomized controlled 
trials. Does starting ART even earlier, 
at 1 week after initiation of TB treat-
ment confer any further benefit? In a 
study of 474 patients with TB starting 
ART in Ethiopia, Degu reported that 
starting ART at 1 versus 2 weeks did 
not confer additional benefit or harm 
in terms of mortality (Abstract 144). 
Starting ART at 2 weeks after initiation 
of TB treatment means that programs 
will need to be prepared to diagnose 
and manage TB-associated immune  
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reconstitution inflammatory syndrome 
(TB-IRIS), a known complication of ear-
ly ART. Luetkemeyer reported that in 
STRIDE (Strategy Study of Immediate 
Versus Deferred Initiation of Antiret-
roviral Therapy), the overall incidence 
was 7.6%, and most cases were mild 
to moderate in severity (Abstract 145). 
Nevertheless, 31% of TB-IRIS cases 
were diagnosed while the patient was 
hospitalized; 34% required at least 1 
invasive procedure, such as a fine nee-
dle aspirate; 54% required steroids for 
treatment; and the median duration of 
the TB-IRIS event was approximately 
3 months. Compatibility of new ART 
agents and rifampin (which induces 
hepatic enzymes that lower levels of 
many ART drugs) is a key issue for 
optimal comanagement of these dis-
eases. Dooley’s drug-interaction study 
between the investigational ART do-
lutegravir and rifampin showed that 
doubling the dose of dolutegravir to 
50 mg twice daily achieved dolutegra-
vir levels similar to those in standard 
dosing in the absence of rifampin (Ab-
stract 148). 

Cryptococcal Disease 

Rolfes and colleagues evaluated a new 
lateral flow point-of-care assay (LFA) for 
cryptococcal disease in stored CSF and 
serum from Uganda with cryptococcal 
meningitis (Abstract 953). There was 
high sensitivity for the LFA and high 
concordance between the standard 
serum cryptococcal antigen (CrAg) as-
say and the LFA. Of note, titers of the 
LFA were 3-fold higher than CrAg; ex-
panded evaluation of the LFA assay is 
under way. Asymptomatic cryptococce-
mia, defined as detectable serum CrAg 
without symptoms, is known to occur 
among patients with AIDS who have 
low CD4+ cell counts. Kwan examined 
banked plasma from Thai women and 
found 11% prevalent CrAg in 84 women 
with less than 100 CD4+ cells/µL and 
none in women with greater than 125 
CD4+ cells/µL (Abstract 954). These 
women were not evaluated for cryp-
tococcal meningitis; approximately 
half received fluconazole prophylaxis. 
Not surprisingly, women with CrAg in 
plasma at baseline were at highest risk 

to develop cryptococcal meningitis. 
Among the women who had positive 
CrAg, decreased titers were observed in 
8 of 9 women after 48 weeks of anti-
retroviral therapy. Restoration of immu-
nity provides protection against cryp-
tococcal disease, but all patients with 
CrAg should have evaluation of CSF to 
determine whether treatment with am-
photericin is indicated for meningitis. 

Malaria 

HIV PIs are active against Plasmodium 
falciparum in vitro. Achan and col-
leagues tested the hypothesis that an 
ART regimen containing lopinavir/r               
versus an ART regimen based on an 
NNRTI would decrease malaria among 
HIV-infected Ugandan children liv-
ing in a high malaria-endemic region 
(Abstract 26). The study enrolled 176 
children and randomly assigned them 
to an NNRTI or a lopinavir/r combina-
tion ART regimen; malaria cases were 
treated with artemether-lumefantrine. 
Malaria incidence was 2.25 episodes/
year versus 1.32 episodes/year in the 
NNRTI group versus the lopinavir/r 
group, respectively (IRR, 0.59; 95% CI, 
0.36-0.97). The 41% reduction in risk 
for malaria conferred by the lopinavir/r 
group compared with the NNRTI group 
was primarily driven by a reduction in 
the rate of recurrent malaria, confirmed 
by genotypic analysis. The authors pro-
posed that this effect was mediated 
by elevated levels of lumefantrine as 
a result of a pharmacokinetic interac-
tion with ritonavir. No added toxicity 
was observed in the children with the 
elevated lumefantrine levels. Ritonavir 
thus may be valuable as a pharmacoen-
hancer for malaria drugs as well as for 
HIV agents. This trial is continuing to 
follow participants to evaluate the HIV 
outcomes. 

Vaccination for Influenza and 
Herpes Zoster

HIV infection is an established risk 
factor for herpes zoster reactivation 
and severe clinical disease. However, 
little is known about the safety and 
efficacy of the zoster vaccine in HIV-
infected adults. In a US ACTG study, 

HIV-infected adults with CD4+ counts 
greater than 200 cells/µL on suppres-
sive ART were randomly assigned 3:1 
to receive 2 zoster vaccinations or pla-
cebo (Abstract 96). Zoster vaccination 
appeared safe in HIV infection, meet-
ing the protocol’s safety definition. 
Injection-site reaction and rash were 
more common with the active zoster 
vaccine; however, there were no con-
firmed vaccine-related zoster cases, 
and 2 cases of clinical zoster occurred 
in each group. The vaccine appeared 
immunogenic, with an increase in geo-
metric-mean zoster-antibody titer that 
was higher in vaccine recipients than 
in placebo at week 12 (6.4 vs 5.15; 
P = .017). These data suggest that zos-
ter vaccination may be a safe option 
for virologically suppressed patients 
with CD4+ counts greater than 200 
cells/µL. Larger studies will be needed 
to evaluate the vaccine’s ability to pre-
vent zoster reactivation in HIV disease. 
The second administration of zoster 
vaccine did not appear to lead to in-
creased antibody response and may 
not be required to generate a protec-
tive antibody. 

The higher dose trivalent influ-
enza vaccine (60 µg/strain) resulted 
in a modest increase of 4% to 12% in 
geometric-mean influenza titers for 
the 3 vaccine strains at week 3 post 
vaccination, compared with standard 
influenza vaccination (15 µg/strain) 
(Abstract 97). In this study, median cur-
rent CD4+ count was 452 cells/µL (IQR 
293-629), and a nadir CD4+ count was 
180 cells/µL (IQR 53-318). It is unclear 
whether this increase would confer a 
clinical benefit, but high-dose influen-
za vaccination may be a consideration 
for HIV-infected patients considered 
to be at higher risk for complications 
from influenza or less likely to respond 
to standard-dose vaccination. 
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New Antiretroviral Agents

GS-7340

GS-7340 is a prodrug of tenofovir and 
results in the same active compound 
as tenofovir disoproxil fumarate: 
tenofovir-diphosphate. At the 2012 
Conference on Retroviruses and Op-
portunistic Infections (CROI), Ruane 
and colleagues presented results from 
a partially blinded, controlled, dose-
escalation study comparing GS-7340 
(8 mg, 25 mg, and 40 mg once dai-
ly), tenofovir 300 mg once daily, and 
placebo given as monotherapy for 10 
days (Abstract 103). This trial enrolled 
38 HIV-infected participants, of whom 
97% were men; mean HIV-1 RNA level 
was 4.5 log10 copies/mL; mean CD4+ 
count, 478 cells/µL. As expected, plas-
ma tenofovir exposures were 80% 
to 97% lower in the GS-7340 arms 
than in the tenofovir arm, and the in-
tracellular tenofovir-diphosphate lev-
els were higher in the GS-7340 arms 
than in the tenofovir arm. The time-
averaged change in plasma HIV-1 RNA 
levels through 10 days was greater in 
the GS-7340 25 mg and 40 mg arms 

Dr Olender is Instructor of Medicine at Columbia University Medical Center. Dr Wilkin is Associate Professor of Medicine at the Weill Cornell 
Medical College. Dr Taylor is Assistant Professor of Infectious Diseases at the University of Texas Health Science Center San Antonio. Dr Hammer 
is Harold C. Neu Professor of Medicine at the Columbia University College of Physicians and Surgeons and Chief of the Division of Infectious 
Diseases at Columbia University Medical Center. 

The 19th Conference on Retroviruses and Opportunistic Infections (CROI) 
highlighted new information and provided in-depth discussion on 
advances in antiretroviral therapy (ART). Data regarding investigational 
drugs, including integrase strand transfer inhibitors (InSTIs) and zinc-finger 
nucleases disrupting CC chemokine receptor 5 (CCR5), were presented. 
Treatment trials in treatment-naive and treatment-experienced patients 
added to the knowledge base of which antiretroviral agents to initiate and 
when. Data from trials and observational cohorts suggested that, for patients 
on successful ART in resource-rich settings, mortality from non-HIV-related 
diseases may surpass that from HIV-related diseases, and overall lifespan may 
be nearing that of people without HIV infection. In resource-limited settings 
(RLS), prevention of mother-to-child transmission (PMTCT) and ART scale-up 
remained priorities. New data on antiretroviral resistance in RLS and on the 
implications of low-frequency mutations were presented.

Advances in Antiretroviral Therapy 
Susan Olender, MD, Timothy J. Wilkin, MD, MPH, Barbara S. Taylor, MD, MS, and Scott M. 
Hammer, MD 

(-0.94 log10 copies/mL and -1.13 log10 
copies/mL, respectively) than in the 
tenofovir arm (-0.48 log10 copies/mL, 
 P = .01 and P = .001, respectively). The 
investigators assert that GS-7340 has 
the potential to be more efficacious 
with less systemic toxicity than tenofo-
vir. This will be investigated further in 
phase II trials.

CCR5 Disruption by Zinc-Finger 
Nucleases

Tebas and colleagues presented data 
from 2 phase I, single-arm, single-dose 
clinical trials of zinc-finger nuclease–
modified autologous CD4+ T cells (SB-
728-T) (Abstract 155). This strategy 
uses apheresis to collect large numbers 
of CD4+ cells, which are then exposed 
ex vivo to zinc-finger nucleases that 
target and disrupt the CC chemokine 
receptor 5 (CCR5). The genetically 
modified CD4+ cells are expanded, 
cryopreserved, and infused back into 
the participant. The studies enrolled 6 
immune responders with CD4+ counts 
at least 450 cells/µL (median count 
974 cells/µL) and 15 immune non-
responders with CD4+ counts below 

450 cells/µL (median count 357 cells/
µL). All participants had virologic sup-
pression on combination antiretroviral 
therapy (ART).

The infusions were generally well 
tolerated. One serious adverse event, 
a transfusion reaction of arthritis, was 
reported. In the immune-responder 
group, the mean CD4+ count in-
creased at day 7 postinfusion by 1533 
cells/µL, including 83 cells/µL of geneti-
cally modified CD4+ cells. Increases of 
820 CD4+ cells/µL and 19 genetically 
modified CD4+ cells/µL were observed 
after infusion in the immune–non-re-
sponder group. Genetically modified 
CD4+ cells were detected at 1 year 
of follow-up in approximately 2% of 
circulating CD4+ cells. In participants 
undergoing a treatment interruption, 
plasma HIV-1 RNA levels rebounded. 
The frequency of genetically modified 
CD4+ cells correlated with control of 
viremia during the treatment inter-
ruption. Future studies will focus on 
increasing the efficiency of engrafting 
modified CD4+ cells to enhance viro-
logic control.

Inhibitors of Integrase Complexes 

Current integrase strand transfer inhibi-
tors (InSTIs) target enzymatic activity 
of HIV integrase. Gros and colleagues 
described a short 11-mer cyclic peptide 
that binds integrase and causes disso-
ciation of integrase–DNA, integrase–
lens epithelium-derived growth factor 
(LEDGF), and reverse transcriptase (RT)–
integrase complexes (Abstract 576). The 
compound exhibited low nanomolar ac-
tivity against a broad range of HIV iso-
lates, and the investigators were unable 
to generate resistance to the peptide af-
ter a 12-month evaluation.
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Nanoformulations of Atazanavir/
Ritonavir

Gendelmen and colleagues present-
ed data on the pharmacokinetics on 
nanoparticle formulations of ritona-
vir-boosted (/r) atazanavir in a mouse 
model (Abstract 582). They tested 
increasing doses of atazanavir/r and 
were able to achieve atazanavir con-
centrations of 287 ng/mL with weekly 
injections. The nanoparticles resulted 
in partial virologic suppression (HIV 
RNA 2 log10 copies/mL) in a humanized 
mouse model of HIV infection.

Clinical Trials of Antiretroviral 
Therapy of Treatment-Naive 
Individuals

Elvitegravir/Cobicistat/Tenofovir/
Emtricitabine

Sax and colleagues presented data 
from a phase III, randomized, dou-
ble-blind, placebo-controlled trial of a 
fixed-dose combination of elvitegra-
vir/cobicistat/tenofovir/emtricitabine 
(elvitegravir/cobicistat arm) versus 
fixed-dose efavirenz/tenofovir/emtric-
itabine (efavirenz arm) (Abstract 101). 
Elvitegravir is an investigational InSTI, 
and cobicistat is an investigational 
pharmacoenhancer. The trial enrolled 
antiretroviral-naive adults with plasma 
HIV-1 RNA levels greater than 5,000 
copies/mL, calculated creatinine clear-
ance greater than 70 mL/min, and 
no resistance to efavirenz/tenofovir/
emtricitabine. Seven hundred partici-
pants (89% male; 37% nonwhite) were 
randomly assigned to the 2 treatment 
groups. The mean CD4+ counts were 
382 cells/µL and 391 cells/µL in the 
2 arms, respectively, and 33% of par-
ticipants had plasma HIV-1 RNA levels 
greater than 100,000 copies/mL. 

Viral suppression by the US Food 
and Drug Administration (FDA) snap-
shot algorithm at week 48 was 88% 
and 84% (difference, 3.6%; 95% confi-
dence interval [CI], -1.6%-8.8%) in the 
elvitegravir/cobicistat and efavirenz 
arms respectively. The elvitegravir/
cobicistat arm was found to be nonin-
ferior to the efavirenz arm. The mean 
CD4+ count increases were 239 cells/

µL and 206 cells/µL (P = .009), respec-
tively. Drug discontinuations due to 
adverse events occurred in 4% and 5% 
of the treatment groups, respectively. 
Nausea was more common in the el-
vitegravir/cobicistat arm (21% vs 14%); 
central nervous system effects (CNS)
and rash were more common in the 
efavirenz group. Calculated creatinine 
clearance decreased by 14.3 mL/min 
after 2 weeks in the elvitegravir/cobi-
cistat group due to the known inhibi-
tion of tubular secretions of creatinine 
by cobicistat. The creatinine increased 
0.14 mg/dL in the elvitegravir/cobici-
stat arm and 0.01 mg/dL in the efavi-
renz arm at 48 weeks. Drug resistance 
emerged in 8 participants in each arm. 
In the elvitegravir/cobicistat arm, inte-
grase resistance emerged in 7 partici-
pants and nucleoside analogue reverse 
transcriptase inhibitor (nRTI) resis-
tance in 8 participants. In the efavirenz 
arm, nonnucleoside analogue reverse 
transcriptase inhibitor (NNRTI) resis-
tance emerged in 8 participants and 
nRTI resistance in 2 participants.

DeJesus and colleagues presented 
data on a clinical trial of similar de-
sign and enrollment criteria compar-
ing elvitegravir/cobicistat/tenofovir/
emtricitabine with atazanavir/r plus 
tenofovir/emtricitabine (Abstract 627). 
This study enrolled 708 participants 
(90% male; 26% nonwhite). Viral sup-
pression by the FDA snapshot algo-
rithm at week 48 was 90% and 87%, 
respectively (difference, 3.0%; 95% 
CI, -1.9-+7.8). Elvitegravir/cobicistat/
tenofovir/emtricitabine was found 
to be noninferior to the atazanavir/r-
containing regimen. The mean CD4+ 
count increases were similar in the 2 
arms (207 cells/µL and 211 cells/µL, re-
spectively). Drug discontinuations due 
to adverse events occurred in 4% and 
5% of participants, respectively. 

Dolutegravir

Dolutegravir is an investigational In-
STI with activity against most isolates 
resistant to raltegravir or elvitegravir. 
Investigators presented data on the 
96-week outcomes from the SPRING-1 
trial: a randomized, partially blinded, 
dose-finding study of dolutegravir ver-

sus efavirenz, each paired with 2 nRTIs 
(Abstract 102LB). Participants were re-
quired to have a plasma HIV-1 RNA 
level greater than 1000 copies/mL and 
CD4+ count greater than 200 cells/µL. 
The 205 participants were randomized 
to receive either dolutegravir (10 mg, 
25 mg, or 50 mg) or efavirenz. The par-
ticipants were 86% male and 20% non-
white, with a mean CD4+ count of 343 
cells/µL, and mean plasma HIV-1 RNA 
level of 4.46 log10 copies/mL. At week 
96, the plasma HIV-1 RNA level was 
below 50 copies/mL in 79%, 78%, and 
88% of participants for the dolutegravir 
groups, respectively, compared with 
72% for the efavirenz group. No InSTI 
or NNRTI resistance was detected in 
any participant. Drug-related grade-2 
to -4 adverse events occurred less fre-
quently in the dolutegravir arms than 
in the efavirenz arm (11% vs 24%), and 
fewer participants discontinued do-
lutegravir than discontinued efavirenz 
for adverse events (3% vs 10%). It is 
important to note that randomization 
to dolutegravir versus efavirenz was 
open-label, and only the dosage of do-
lutegravir was blinded. The dolutegra-
vir groups overall had an increase in 
serum creatinine of 0.1 mg/dL to 0.15 
mg/dL, which did not progress over 
time. The investigators noted that this 
is consistent with a small inhibition of 
creatinine secretion in the proximal 
renal tubules. Ongoing clinical trials in 
ART-naive individuals are using a dos-
age of dolutegravir 50 mg once daily.

Antiretroviral Therapy 
Strategies

Lopinavir/r Monotherapy

Du Pasquier and colleagues examined 
cerebrospinal fluid from participants 
in the MOST (Monotherapy Switzer-
land/Thailand) trial, which randomized 
participants to continued therapy with 
lopinavir/r and 2 nRTIs or lopinavir/r 
monotherapy (Abstract 480). The study 
was stopped early because of viral 
breakthrough in the monotherapy arm. 
The researchers examined 5 markers of 
CNS inflammation from 52 participants 
who maintained virologic suppres-
sion throughout trial participation and 
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found that 2 of these markers (S100-
beta and neopterin) were higher in the 
monotherapy group (P = .002 and P = 
.058, respectively). The authors con-
cluded that lopinavir/r leads to CNS in-
flammation despite virologic control in 
the plasma. 

Adherence Interventions

Two clinical trials evaluated adherence 
interventions. Lucas and colleagues 
enrolled 107 participants attending 
a methadone maintenance program 
who were either not receiving ART or 
receiving ART but had ongoing viremia 
(Abstract 628). Participants were ran-
domized to directly observed ART for 
one dose per day on weekdays (other 
doses self-administered) or self-admin-
istered ART. The proportion achieving 
virologic suppression was marginally 
higher in the direct-observation group: 
51% versus 40% at month 12 (differ-
ence, 11%; 95% CI, -2%-24%; P = .09). 

Investigators from the University of 
Pennsylvania evaluated a behavioral 
intervention called managed problem 
solving (MAPS), a five-step behavioral 
intervention (Abstract 629). Eligible 
participants were either ART-naive or 
restarting ART. The researchers ran-
domized 180 participants, of whom 
61% were male, 85% black, and 58% 
treatment-experienced. The primary 
endpoint was adherence as measured 
by a microelectronic monitoring sys-
tem (MEMS). Adherence was greater 
in the MAPS group (69% of doses 
taken compared with 39% for non-
MAPS, P = .023). The odds of having 
an undetectable plasma HIV-1 RNA 
level were significantly higher for the 
MAPS group in the as-treated analysis 
(missing=ignored), and marginally 
higher in the intent-to-treat analysis 
(missing=failure).

Clinical Trials to Decrease the Latent 
Reservoir of HIV-1 Infection

A major obstacle to eradication of HIV-
1 is the proviral latency of HIV-1 in rest-
ing CD4+ T cells. Histone deacetylase 
inhibitors have the potential to disrupt 
this latency to allow clearance of HIV-1 
from this reservoir. Margolis and col-

leagues investigated the effects of vori-
nostat ex vivo and in vivo (Abstract 
157LB). They presented data on 5 men 
with sustained suppression of plasma 
HIV-1 RNA on ART. The researchers 
obtained peripheral blood mononucle-
ar cells (PBMCs) by leukapheresis and 
confirmed ex vivo that the addition of 
vorinostat resulted in an increase in 
HIV-1 RNA expression. Participants re-
ceived a 400 mg infusion of vorinostat 
at a subsequent visit. Pharmacokinetic 
parameters of vorinostat observed in 
this trial were similar to those obtained 
in oncology trials. Leukapheresis was 
performed a second time. HIV-1 RNA 
levels increased significantly in rest-
ing CD4+ T cells with a mean 5-fold 
change (range, 3-9 fold). This provides 
proof of concept that HIV proviral la-
tency can be disrupted in vivo and sug-
gests a trial design for evaluating such 
an approach.

Disulfiram has been shown to in-
duce HIV-1 expression in resting 
memory T cells in vitro. Spivak and 
colleagues investigated whether disul-
firam would lead to increased plasma 
HIV-1 RNA levels as measured by the 
single-copy assay in HIV-1-infected 
participants with sustained viral sup-
pression (Abstract 369). The research-
ers enrolled 14 participants who re-
ceived disulfiram for 2 weeks. The 
drug was well tolerated with no sub-
stantial adverse effects. The research-
ers observed a nonsignificant increase 
in plasma HIV-1 RNA levels (difference, 
55%; 95% CI, –28%-225%) during disul-
firam treatment and afterward (differ-
ence, 88%; 95% CI, -23%-355%). This 
study is ongoing. 

Pharmacokinetic Interactions of 
ART Agents

Drugs and ART Agents

Dooley and colleagues presented data 
on 11 healthy, HIV-uninfected par-
ticipants receiving dolutegravir and 
rifampin (Abstract 148). Dolutegra-
vir is metabolized primarily by UDP-
glucuronosyltransferase 1A1 (UGT1A1) 
and, to a lesser extent, by cytochrome 
P450 3A4 (CYP3A4). Both of these en-

zymes are induced by rifampin. The 
investigators hypothesized that the ex-
pected drug-drug interaction could be 
overcome by increasing the dolutegra-
vir to 50 mg twice daily. Participants 
received 7 days of dolutegravir dosage 
50 mg once daily, followed by 7 days 
of dolutegravir 50 mg twice daily, fol-
lowed by 14 days of dolutegravir 50 
mg twice daily and rifampin 600 mg 
once daily. Dolutegravir twice daily 
with rifampin resulted in dolutegra-
vir concentrations that were 22% to 
33% higher than those achieved by 
once-daily dolutegravir. This strategy 
effectively overcame the drug-drug in-
teraction, suggesting that dolutegravir-
based regimens should be investigated 
further for HIV-infected patients with 
active tuberculosis (TB). 

ART Pharmacokinetics in Participants 
with Liver Disease

Dolutegravir pharmacokinetics were in-
vestigated in 8 participants with mod-
erate hepatic dysfunction (Child-Pugh 
score, 7-9) and 8 healthy matched con-
trols (Abstract 608). The study found 
that the pharmacokinetic parameters 
were generally similar between groups, 
with no appreciable difference except 
for a small increase in the concentra-
tions of non-protein-bound dolutegra-
vir in participants with moderate he-
patic impairment.

Other investigators evaluated the 
pharmacokinetics of raltegravir in 5 
hepatitis C-virus (HCV)/HIV-coinfected 
participants with advanced cirrhosis 
and 5 with no histologic damage on 
liver biopsy (Abstract 609). Partici-
pants were virologically suppressed for 
at least 6 months on a regimen con-
taining lopinavir/r, fosamprenavir/r, or 
darunavir/r. Raltegravir 400 mg was 
added twice daily for 5 days. Raltegra-
vir concentrations were higher in the 
group with cirrhosis: the 12-hour area 
under the curve (AUC) was 1.72 times 
higher (90% CI, 1.02-2.92), and the 
trough concentration was 6.58 times 
higher (90% CI, 2.92-14.85). Despite 
the higher concentrations, no safety 
concerns were identified, and ralte-
gravir was well tolerated by all partici-
pants. 
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Inhaled Beclomethasone

Boyd and colleagues investigated the 
drug interactions with inhaled beclo-
methasone in 30 HIV-uninfected par-
ticipants (Abstracts 610 and 611). All 
participants received inhaled beclo-
methasone twice daily for 14 days. On 
day 15, participants were randomized 
to 1 of 3 groups: inhaled beclometha-
sone alone twice daily; inhaled beclo-
methasone and ritonavir 100 mg twice 
daily; or inhaled beclamethasone, da-
runavir 600 mg, and ritonavir 100 mg 
twice daily. Each regimen was admin-
istered for 14 additional days. The con-
centrations of basal morning cortisol 
and response to adrenocorticotropic 
hormone stimulation testing did not 
differ among the groups. The pharma-
cokinetics of the active beclometha-
sone metabolite were not altered by 
darunavir/r. Interestingly, the concen-
trations of the beclomethasone me-
tabolite were statistically significantly 
increased by ritonavir alone (P = .006), 
suggesting that ritonavir alone cannot 
be used to assess the drug-drug inter-
actions for ritonavir-boosted protease 
inhibitors (PIs). 

Antimalarial Drugs

Two abstracts reported on the inter-
action between malaria treatments 
and commonly used antiretroviral 
drugs in HIV-1-infected adults with 
malaria coinfection. Kredo and col-
leagues compared lumefantrine and 
dihydroartemisinin exposure over 72 
hours of twice-daily dosing in 18 HIV-
infected adults not on ART with 16 
HIV-infected adults on lopinavir/r (Ab-
stract 613). The study found that the 
drug concentrations of dihydroarte-
misinin were not altered by lopinavir/r. 
The concentrations of lumefantrine 
were statistically significantly higher 
in the lopinavir/r group. However, the 
increased concentrations were not as-
sociated with adverse clinical events or 
QT prolongation.

Byakika-Kibwika and colleagues 
assessed the pharmacokinetic inter-
action of nevirapine and artemether/
lumefantrine in HIV-infected adults 
(Abstract 614). Participants received 6 

doses of artemether/lumefantrine and 
underwent intensive pharmacokinetic 
sampling. The dosing and sampling 
process was repeated after dosing 
nevirapine to steady state. The study 
found statistically significant reduc-
tions in artemether and dihydroartem-
sinin concentrations with nevirapine 
coadministration. The levels of lume-
fantrine were not affected. Concentra-
tions of nevirapine were statistically 
significantly lower with artemether/
lumefantrine coadministration. This 
study suggested that alternative ma-
laria treatments should be pursued for 
participants receiving nevirapine.

HCV NS5A Inhibitor

BMS-790052 is an HCV nonstructural 
protein 5A (NS5A) inhibitor that is en-
tering clinical investigation in HIV/HCV-
coinfected individuals. Bifano and col-
leagues reported on 3 separate clinical 
trials examining potential interactions 
of BMS-790052 with tenofovir, efavi-
renz, and atazanavir/r (Abstract 618). 
The concentrations of the ART agents 
did not appear to be changed by coad-
ministration with BMS-790052. Efavi-
renz decreased the concentrations of 
BMS-790052, atazanavir/r increased 
the concentrations of BMS-790052, 
and tenofovir had no substantial ef-
fect. The authors estimated that higher 
doses of BMS-790052 were necessary 
when coadministering with efavirenz 
(90 mg vs 60 mg), and lower doses 
were necessary when coadministering 
with atazanavir/r (30 mg vs 60 mg).

Treatment Outcomes and Mortality 
Data from Secondary Analyses and 
Observational Cohorts

The conference showcased many in-
teresting presentations using data from 
large, observational cohorts. See Table 
1 for a review of notabel findings. One 
of the highlights was a presentation 
by Skarbinski and colleagues (Abstract 
138) of data from the US Centers for 
Disease Control and Prevention (CDC) 
Medical Monitoring Project (MMP). 
The MMP collects data from individual 
HIV-infected adults receiving care at a 
sample of outpatient HIV-care facilities 

within 17 states or territories that con-
tain 76% of all persons diagnosed with 
HIV in the United States. Interview and 
medical-record data are collected and 
linked to the National HIV Surveillance 
system, and population-size estimates 
are calculated using weighting for de-
sign and nonresponse adjustments.

The researchers collected data from 
4217 patients receiving care at 461 
facilities between January and April 
of 2009. Patient and facility response 
rates were 53% and 76%, respective-
ly. Using a weighted analysis, the re-
searchers estimated that 421,186 HIV-
seropositive adults received at least 1 
visit in an HIV clinic during the obser-
vation period. This represented 44% 
of the estimated 941,950 adults living 
with HIV. Of the patients in care, 89% 
(95% CI, 87%-91%) were prescribed 
ART, and 71% (95% CI, 68%-75%) had     
an HIV-1 plasma RNA level of 200 cop-
ies/mL or below. Adjusted, multivariate 
logistic regression models were devel-
oped to predict ART prescription and 
virologic suppression. Non-Hispanic 
blacks were less likely to achieve both 
than were non-Hispanic whites. The 
authors concluded that, because fewer 
than half of HIV-seropositive individu-
als were estimated as being in care, ex-
panding ART coverage for those with 
CD4+ counts greater than 500 cells/µL 
would have a minor impact. Increasing 
the number of HIV-infected persons in 
care is essential to reduce mortality 
and impact transmission.

Four presentations addressed issues 
of mortality in HIV-infected cohorts 
in western and northern settings (see  
Table 1). Hogg and colleagues (Abstract  
137) used data from 18 clinical and 
interval cohort studies in the United 
States and Canada that participate in 
NA-ACCORD (North American AIDS 
Cohort Collaboration on Research and 
Design). The analysis estimated chang-
es in life expectancy between 1996 
and 2007 for HIV-infected individuals 
20 years of age or older who were ART 
naive and initiating ART. Death ascer-
tainment occurred through direct link-
age to vital-statistic registries and clinic 
reports, and death and person-time 
were partitioned into 5-year groups. 
Life expectancy from age 20 years 
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increased steadily, from 34.4 years 
in the 1996-to-1999 period to 47.1 
years in the 2006-to-2007 period. The 
life expectancy of injection drug users 
(IDUs) was lower (28.1 years) than it 
was for either men who have sex with 
men (MSM) (51.6 years) or those who 
acquired HIV through heterosexual sex 
(47.7 years). The gap between aver-
age national life expectancy at age 20 
years in the general US population and 
that in the cohort was largest for Af-
rican Americans at 54.7 years versus 
41.0 years, respectively, compared 
with 59 years versus 50 years for 
whites. Finally, life expectancy by pre-
ART CD4+ count was lower for those 
with a count below 100 cells/µL (18.7 
years; standard error [SE], 0.7 years) 
than for those with a count of more 
than 350 cells/µL (42.2 years; SE, 0.5 
years). The authors concluded that life 
expectancy of an HIV-infected person 
on ART would be only slightly lower 
than that of one in the general popula-
tion, with notable differences by race 
and HIV risk factor.

Rodger and colleagues undertook 
a similar analysis (Abstract 638) to 
compare mortality rates in adults 
with well-controlled HIV with those 
of adults in the general population. 
The researchers used data from the 
SMART (Strategies for Management 
of Antiretroviral Therapy) and ESPRIT 
(Evaluation of Subcutaneous Proleukin 
in a Randomized International Trial) 
studies to examine mortality in 3280 
participants who met inclusion crite-
ria of being from 20 years to 70 years 
old, receiving continuous ART, not be-
ing IDUs, and having HIV-1 plasma 
RNA levels below 500 copies/mL and 
CD4+ counts of 350 cells/µL or higher 
at any time in the previous 6 months. 
Standardized mortality ratios (SMRs) 
were calculated by comparing death 
rates with those in the Human Mortal-
ity Database (HMD), after stratification 
by country, sex, and age. For partici-
pants with a CD4+ count between 350 
cells/µL and 499 cells/µL, the SMR was 
1.79 (95% CI, 1.19-2.59), reflecting 
an increased mortality rate compared 
with the general population. However, 
for participants with CD4+ counts of 
500 cells/µL or higher, there was not 

a statistically significant increase in 
mortality compared with the general 
population. The most common cause 
of death overall was cardiovascular dis-
ease (CVD) or sudden death (19 deaths, 
31%), followed by non–AIDS-related 
malignancy (12 deaths, 19%). These 
results were robust to 2 separate sen-
sitivity analyses, but the authors cau-
tioned that a selection bias of healthier 
individuals may have been present in 
these 2 clinical trials.

Morlat and colleagues compared 
causes of death in a cross-sectional, 
nationally representative 2010 survey 
of 90 HIV treatment sites in France 
(representing approximately 82,000 
patients) with causes of death found in 
similar surveys in 2000 and 2005 (Ab-
stract 1130). The proportion of deaths 
due to AIDS-defining events decreased 
from 47% in 2000 to 36% in 2005 and 
to 25% in 2010, but AIDS-defining 
events remained the most frequent 
cause of death overall. Conversely, the 
proportion of non–AIDS-defining and 
non–hepatitis-related malignancies in-
creased from 11% in 2000 to 22% in 
2010. Cardiovascular deaths were sim-
ilar in proportion in the 3 time periods 
at 7% in 2000, 8% in 2005, and 10% 
in 2010. The authors emphasized the 
need for integrated care, with preven-
tion, screening, and treatment for ma-
lignancies and viral hepatitis, as well 
as continued improvements in HIV 
control.

In the last presentation addressing 
mortality in ART cohorts, Ingle and 
colleagues from ART-CC (Antiretroviral 
Therapy Cohort Collaboration) exam-
ined cause-specific mortality in 16 co-
horts containing 65,121 HIV-infected 
people from Europe and North Ameri-
ca (Abstract 640). The overall mortality 
rate was 12.9 per 1000 person-years, 
and a specific cause could be deter-
mined for 84% of the deaths. Of the 
overall mortality, AIDS-related deaths 
accounted for 42%, and non-AIDS-
related deaths accounted for 58%. By 
using Poisson regression to estimate 
crude and adjusted mortality rates 
by ART duration, AIDS-related deaths 
were found to decrease significantly 
with each year on ART (adjusted rate 
ratio [aRR], 0.81/year; 95% CI, 0.79-

0.83). Rates of death from both non–
AIDS-related malignancy and stroke 
increased significantly (aRRs, 1.05; 
95% CI, 1.01-1.09, and 1.13; 95% CI, 
1.02-1.26, respectively). Similar to 
what was seen in prior presentations, 
non–AIDS-related mortality surpassed 
that from AIDS after 2 years on ART, 
led by non-AIDS-related malignancies 
and CVD risks. This again highlighted 
the need for HIV-specific care to in-
tegrate longitudinal prevention and 
treatment for malignancies of all types 
and CVD.

Two other cohort studies found 
health disparities by race, one examin-
ing CD4+ cell count at ART start (Ab-
stract 139) and one determining AIDS 
as a cause of death (Abstract 1045). 
The first presentation, by Troung and 
colleagues, assessed CD4+ cell count 
at ART initiation in the San Francisco 
HIV/AIDS case registry for individuals 
older than 12 years diagnosed with 
HIV infection between 2004 and 2010 
(Abstract 139). In 2010, public health 
clinics in San Francisco began recom-
mending ART at any CD4+ cell count. 
The investigators found consistent 
increases in CD4+ cell count at ART 
initiation from 2004 to 2010. Early ini-
tiation of ART, at CD4+ counts greater 
than 500 cells/µL, was seen starting 
in 2007. However, after adjustment 
for the number of people presenting 
in each substratum, people initiating 
ART at CD4+ counts greater than 500 
cells/µL were more likely to be white, 
MSM, non-poor, and diagnosed by a 
private practitioner (P < .01 for each 
association, compared with all others 
in group). The authors speculated that 
these disparities, if carried forward, 
could partition the benefits of initiat-
ing ART at CD4+ counts greater than 
350 cells/µL or 500 cells/µL into less 
marginalized populations.

A second presentation, by Murphy 
and colleagues, examined the associa-
tion between black race and death from 
AIDS in the WIHS (Women’s Interagen-
cy HIV Study) cohort (Abstract 1045). 
Inclusion criteria were enrollment in 
the WIHS cohort and continuous ART, 
primary exposure was self-reported 
race, and the primary outcome was 
AIDS-related death. In the univariate 

Hammer(5-31-12WC).indd   65 6/1/12   6:19 PM



IAS–USA        Topics in Antiviral Medicine

66

Table 1. Selected Studies on Treatment Outcomes and Mortality in People Receiving Antiretroviral Therapy in Resource-Rich Settings

Study Description Cohort Description  Key Findings

Abstract 138

US-based, nation-
ally-representative 
estimate of HIV+ 
adults in care, on 
ART, and virologically 
suppressed

Structured sample of 4217 
patients at 461 facilities in 17 
states or territories

Observation period: Jan–April 
2009

Using weighted analysis, this 
was representative of 421,186 
HIV+ adults in care

• 44% of an estimated 941,940 adults living with HIV were in care (had 1      
   clinic visit during observation period). Of those in care:
   -  89% were prescribed ART
   -  71% had HIV-1 plasma RNA level ≤200 copies/mL
• Non-Hispanic blacks were less likely to be prescribed ART and be  virologically  
   suppressed in adjusted MVA

Conclusion: Because < half of HIV+ individuals were in care, expanding ART  
   coverage to those with CD4+ cell counts >500 cells/µL will have minor impact.  
   Increasing numbers in care is important.

Abstract 137

NA-ACCORD 
analysis to estimate 
temporal changes 
in life expectancy 
between 1996 and 
2007

18 clinical and interval cohorts 
in U.S. and Canada

Observation period: 1996–2007

• Life expectancy at age 20 increased:
   -  1996-1999: 34.4 years
   -  2006-2007: 47.1 years
• Life expectancy at age 20 was lower for IDU (28.1 years) than for MSM (51.6  
   years) or heterosexuals (47.7 years)

• Gap between life expectancy at age 20 in HIV+ vs general population:
   -  Blacks: 41 years (HIV+) vs. 54.7 years (general population)
   -  Whites: 50 years (HIV+) vs. 59 years (general population)

Conclusion: Life expectancy at 20 years of an HIV+ person on ART is only slightly lower than that of the 
general population, but notable differences exist by race and HIV risk factor.

Abstract 638

Mortality in 
patients with well-
controlled HIV and 
high CD4+ cell 
counts in 2 ran-
domized controlled 
trials, compared 
with the general 
population

3280 non-IDU participants in 
the ESPRIT or SMART studies 
with CD4+ ≥350 cells/µL and 
HIV-1 plasma RNA <500 copies/
mL were randomized to the 
continuous ART arms
Observation period: 2000–2008 
[ESPRIT], 2002–2006 [SMART]

SMRs calculated comparing 
death rates in the combined 
cohort with those in the Human 
Mortality Database, stratifying 
by country, sex, and age

• SMR for participants with CD4+ count between 350 and 499 cells/µL:
   - 1.77; 95% CI, 1.17-2.55
•  Standardized mortality ratio for participants with CD4+ count >500 cells/µL:
   - 1.00; 95% CI, 0.69-1.40
• Most common causes of death:
   - Cardiovascular disease or sudden death (n=19 or 31%)
   - Non–AIDS-defining malignancy (n=12, 19%)

Conclusion: Risk of mortality in healthy HIV+ patients on ART enrolled in 2  
   clinical trials was not statistically significantly higher than that for the general  
   population, though a selection bias toward healthier trial participants may be  
   present.

Abstract 1130

Causes of death 
among HIV+ pa-
tients in France  
from 2000 to 2010

Cross-sectional, nationally repre-
sentative survey of 90 HIV treat-
ment sites in France, ~82,000 
patients [ANRS Cohort]

Observation period: cross-
sectional surveys conducted in 
2000, 2005, 2010

• Proportion of deaths from AIDS-defining events decreased from 47% in 2000  
   to 25% in 2010
• Proportion of non–AIDS-defining and non–hepatitis-related malignancies rose
   from 11% in 2000 to 22% in 2010
• Proportion of cardiovascular deaths not statistically significantly different: 
   7% in 2000, 10% in 2010

Conclusion: AIDS-defining events have decreased, but still account for 1/4 of all mortality. Integrated care 
with prevention, screening, and treatment for malignancies, hepatitis, and cardiovascular disease will be 
increasingly important.

Abstract 640

Cause-specific mor-
tality in European 
and North  
American cohorts

Longitudinal data from the ART  
Cohort Collaboration assessed  
mortality for 65,121 HIV+ 
people in 16 cohorts

Observation period: 1996–2009

• Overall mortality rate was 12.9 per 1000 person-years
• Specific cause of death determined for 84% of individuals:
   - 42% were AIDS-related   
   - 58% were non–AIDS-related
• AIDS-related deaths decreased each year on ART:
   - Adjusted rate ratio 0.81/year; 95% CI, 0.79-0.83
• Non–AIDS-related mortality surpassed that from AIDS after 2 years on ART:
   - Non–AIDS-related malignancy increased aRR/year on ART: 1.05; 95% CI, 
     1.01-1.09
   - Stroke increased aRR/year on ART:  1.13; 95% CI, 1.02-1.26

Conclusion: Integrated HIV care should address HIV-specific factors, eg, malignancies and cardiovascular risk.

HIV+ indicates HIV seropositive; ART, antiretroviral therapy; MVA, multivariable analysis; IDU, injection drug users; CI, confidence interval; 
MSM, men who have sex with men; NA-ACCORD, North American AIDS Cohort on Research and Design; ESPRIT, Evaluation of Subcutane-
ous Proleukin in a Randomized International Trial; SMART, Strategies for Management of Antiretroviral Therapy Study Group; SMR, standard 
mortality ratio; ANRS, French National Agency for Research on AIDS and Viral Hepatitis; aRR, adjusted rate ratio
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model, the hazard ratio (HR) for death 
from AIDS was 2.11 for black women 
compared with white women (P = 
.002); the difference remained statis-
tically significant after adjustment for 
HCV, IDU, depression, and virologic 
control. Black women were also less 
likely than white women to adhere 
to ART (adjusted HR [aHR], 0.65;  
P = .0001), but race remained a pre-
dictor of death from AIDS after adjust-
ment for adherence. The authors sug-
gested that further studies are needed 
to determine the role of genetic poly-
morphisms that vary by race in lower 
adherence and response to treatment 
among black women.

Acute HIV Infection

Several studies were dedicated to un-
derstanding the effect of ART on acute 
HIV infection. To further elucidate the 
possible benefits of ART during acute 
or early HIV infection, Margolick and 
colleagues reported on the effect of 
ART on rates of viral suppression at 
24 months off therapy for patients 
with acute or early HIV infection en-
rolled from 2005 to 2009 (Abstract 
356). Patients with acute or early HIV 
infection and CD4+ count of 350 cells/
µL or higher were randomized to 12 
months of immediate ART (n = 57) or 
deferred treatment (n = 56), and both 
groups were followed for 24 months 
off therapy. The plasma HIV RNA set 
point at 24 months in those who had 
not (re)initiated ART was below 10,000 
copies/mL in 17.5% of patients in the 
immediate-treatment arm and 5.4% 
of the patients in the deferred-treat-
ment arm (P = .07). Similarly, Lafeuil-
lade and colleagues reported on the 
long-term control of HIV after a 2-year 
ART course for acute HIV infection in 
45 patients (Abstract 358). Of patients 
who had received a 2-year ART course 
initiated at the time of acute infection, 
17% were still off therapy 12 years 
after completing the course. The ma-
jority of those patients demonstrated 
stable plasma viral levels of less than 
3500 copies/mL. 

Perelson explored the impact of 
ART during acute infection on the level 
of resting CD4+ cell infection and de-

cay of latent infection (Abstract 152). 
Investigators developed a mathemati-
cal model of the initial frequency of 
resting-cell infection and decay of 
latent infection and compared the 
model with T-cell and HIV RNA-level 
data from 27 study participants who 
elected to start ART during acute 
HIV infection. The model predicted a 
strong relationship between contain-
ment of viremia and the level of rest-
ing-cell infection (r = 0.65, P = .0003). 
The authors suggested that there may 
be 2 pools of infected resting CD4+ 
T cells: a less stable pool of cells ob-
served in patients with high levels of 
resting-cell infection and an extremely 
stable pool of cells that are established 
despite ART. The less stable pool may 
be easily activated and eliminated, but 
the stable pool may have an extremely 
long half-life and be highly resistant to 
elimination, even by long-term ART.

Buzon and colleagues presented 
findings on patients who initiated ART 
during early HIV infection and contin-
ued on ART for more than 10 years, 
compared the effect on the viral res-
ervoir with elite controllers (Abstract 
151). Investigators compared CD4+ 
cell counts and levels of total, integrat-
ed, and 2-long terminal repeat (LTR) 
HIV-1 DNA by quantitative polymerase 
chain reaction (PCR) in 9 individuals 
treated during acute HIV infection, 26 
individuals with established HIV on 
treatment, and 37 elite controllers. Lev-
els of integrated and total HIV-1 DNA 
were statistically significantly lower in 
elite controllers and in patients who 
began treatment during acute infection  
(P = .06 and P = .001, respectively). 
The ratio between total and integrated 
HIV-DNA was statistically significantly 
lower in patients treated early than in 
chronically treated patients (P = .04) 
and elite controllers (P = .04). The au-
thors suggested that this difference in 
ratio is evidence that prolonged ART 
initiated during acute infection may al-
low for a clinically significant depletion 
of HIV-1 reservoirs.

Hamlyn and colleagues explored 
factors associated with progression af-
ter primary HIV in participants of the 
SPARTAC (Short Pulse Anti Retroviral 
Therapy at HIV Seroconversion) Trial 

(Abstract 553). SPARTAC participants 
were randomized to 1 of 3 arms: no 
treatment, 12 weeks of ART, or 48 
weeks of ART. The primary study end-
point was either CD4+ count less than 
350 cells/µL or initiation of ART. The 
authors explored associations between 
interleukin-6 (IL-6) and D-dimer levels 
at HIV seroconversion as predictors of 
HIV disease progression. Data on IL-6 
and D-dimer were available for 200 
patients. There was no association be-
tween D-dimer level and progression; 
however, IL-6 levels at HIV seroconver-
sion were independently associated 
with HIV disease progression even af-
ter controlling for HIV RNA levels and 
CD4+ cell counts (HR, 1.38; 95% CI, 
1.09-1.75; P = .007). The authors urged 
further exploration of the IL-6 marker. 

Vinikoor and colleagues analyzed 
immunologic outcomes of acutely 
infected HIV patients who started 
ART within 30 days of diagnosis in 
a prospective clinical trial with a pri-
mary outcome of T-cell activation as 
measured by percent of circulating 
CD8+HLA-DR+CD38+ T cells at 96 
weeks (Abstract 554). Thirty-one pa-
tients were included in the 96-week 
analysis. In multivariable analysis, ad-
justed for age, nadir CD4+ cell count, 
and peak HIV RNA level, there was 
no association between the length of 
time from infection to ART initiation 
and immune activation at 96 weeks  
(P = .8).

To understand the impact of ART 
regimens on the viral load in the ano-
genital compartment, Phanuphak 
and colleagues compared 3-drug (te-
nofovir/emtricitabine/efavirenz) with 
5-drug (tenofovir/emtricitabine/efavi-
renz/raltegravir/maraviroc) ART regi-
mens in 24 men with acute HIV in-
fection (Abstract 555). Investigators 
collected blood, anal lavage, and semi-
nal plasma to measure HIV RNA levels 
from baseline to 24 weeks on treat-
ment. For anal lavage, median time to 
HIV RNA levels less than 3 log10 cop-
ies/mL and less than 1.7 log10 copies/
mL was 4 days (3 days-13 days) and 
3 days (3 days-7 days), respectively. 
For seminal plasma, the median times 
to these levels were 7 days (3 days-26 
days) and 12 days (6 days-26 days), 
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respectively. There was no difference 
between the ART regimens in time to 
achieve HIV RNA level less than 3 log10 

copies/mL and less than 1.7 log10 cop-
ies/mL in anal lavage (P = .33 and P = 
.92, respectively) or in seminal plasma 
(P = .90 and P = .08, respectively). The 
5-drug regimen and a high baseline 
HIV RNA level on anal lavage were 
both statistically significantly associ-
ated with a greater likelihood of a se-
rum HIV RNA level lower than 1.7 log10 
copies/mL at 24 weeks. The authors 
encouraged uptake of early treatment 
to decrease the risk of transmission. 

Ananworanich and colleagues de-
scribed the effect of 5-drug and 3-drug 
highly active antiretroviral therapy 
(HAART) regimens during acute HIV 
infection on restoration of immunity 
and HIV reservoir size in 35 patients 
(Abstract 363). Twenty-two patients 
were treated with a 5-drug combina-
tion (tenofovir/emtricitabine/efavirenz/
raltegravir/maraviroc) and 13 were 
treated with a 3-drug combination  
(tenofovir/emtricitabine/efavirenz). 
HIV RNA and DNA levels were mea-
sured in the blood and sigmoid colon at 
baseline and at 24 weeks, and PBMCs 
were analyzed by flow cytometry. After 
24  weeks of treatment, HIV RNA and 
total and integrated DNA in the PBMCs 
all declined significantly, whereas in 
the sigmoid colon, a statistically sig-
nificant decline was seen only for HIV 
DNA levels after 5-drug therapy. Similar 
results were seen when HIV DNA lev-
els were adjusted for CD4+ cell count. 
At week 24, overall total DNA was un-
detectable in blood in 8 of 27 patients 
and integrated DNA was undetectable 
in blood in 18 of 24 patients. In the sig-
moid colon, total DNA was undetect-
able in 5 of 14 patients and integrated 
DNA in 7 of 10 patients. Predictors for 
higher total DNA level in blood at week 
24 were higher baseline total DNA and 
use of 5-drug regimen. Authors con-
cluded that both 5-drug and 3-drug an-
tiretroviral regimens during acute HIV 
reconstitute CD4+CCR5+ T cells in the 
gut and reduced HIV reservoir in the 
blood and gut. Additionally, the 5-drug 
regimen may have a greater impact on 
the HIV reservoir in the gut than the 
3-drug therapy.

Pérez-Santiago and colleagues re-
ported a study aimed at understanding 
perturbations and recovery of gut flora 
during acute HIV infection and the 
effect of ART on these processes (Ab-
stract 546). Investigators found statisti-
cally significant associations between 
CD4+ count and specific gut bacterial 
flora during HIV acute infection. Seven 
subjects with acute infection under-
went anal swab, lymphocyte subset 
profiles, and viral HIV RNA testing at 
baseline and at weeks 24 to 36. Six 
patients were treated with ART, and 1 
was not. Researchers employed pyro-
sequencing of the 16s ribosomal DNA 
(rDNA) to evaluate the gut flora and to 
characterize associations of bacterial 
populations with immune status and 
treatment. Proportions of bacterial 
populations did not differ significantly 
between time points among treated 
subjects. Five orders of bacteria were 
positively correlated with CD4+ cell 
count, and 2 orders were negatively 
correlated. Bacterial population chang-
es were greatest in the single ART-naive 
individual. The researchers concluded 
that proportions of gastrointestinal 
populations shift during acute HIV in-
fection, but ART appears to stabilize 
gut flora, and untreated acute infection 
results in the greatest perturbation.

Detection of acute HIV infection is 
crucial but often overlooked in clinical 
settings. O’Connell and colleagues pre-
sented data from a prospective screen-
ing study that showed particularly sub-
tle clinical features of acute HIV. The 
ECHO (Early Capture HIV Cohort) study 
enrolled individuals in East Africa and 
Thailand at high risk for HIV infection 
for prospective observation (Abstract 
60LB). Study participants underwent a 
baseline history and physical followed 
by routine clinical follow-up and twice-
weekly nucleic-acid testing (NAT). In-
dividuals who became infected with 
HIV were evaluated over 9 subsequent 
visits for symptoms, physical-exam 
findings, and immunologic or virologic 
parameters. This analysis included 32 
volunteers with evidence of acute HIV 
infection. Investigators reported that 
clinical symptoms were mild and oc-
curred just before and during the peak 
of viremia. The most common symp-

toms were subjective fever (in 50% of 
participants) and headache (in 38%). 
Physical examination detected abnor-
malities in 84% of participants, and 
lymphadenopathy was the most com-
mon finding. Interestingly, fever was 
documented in only 1 participant at 1 
visit. Hospitalization was also notably 
rare, having occurred in only 2 preg-
nant women. The authors emphasized 
the limitations of using clinical mani-
festations to identify acute HIV infec-
tion. 

Lodi and colleagues categorized pa-
tients in the CASCADE (Concerted Ac-
tion on Seroconversion to AIDS and 
Death in Europe) cohort using 3 differ-
ent definitions of severe primary HIV 
infection (PHI) and compared rates of 
survival based on each definition (Ab-
stract 550). Acutely infected patients 
were considered to have severe or 
non-severe PHI based on the follow-
ing 3 definitions: (1) clinical: symp-
tomatic seroconversion illnesses with 
brain and neurological involvement; 
(2) immunologic: at least 1 CD4+ 
count less than 350 cells/µL in the first 
6 months; or (3) virologic: at least 1 
HIV-1 RNA level over 1,000,000 cop-
ies/mL in the first 6 months. For each 
definition, Kaplan-Meier curves and 
log-rank tests were used to compare 
survival (all-cause mortality) for severe 
and non-severe PHI during follow-up 
without ART ending at the earliest of 3 
events: death, last clinic visit, or Janu-
ary 1, 1997. Of 3878 individuals with 
acute HIV infection and a recorded 
CD4+ count, 919 (24%) had severe 
PHI based on the immunologic defini-
tion. There was strong evidence of dif-
ference in survival by severity of PHI 
(P < .001) with median interquartile 
range (IQR) survival times of 7 years 
(5 years to 10 years) and 13 years (7 
years to -) for severe and non-severe 
PHI, respectively. There was no statis-
tically significant difference in survival 
between patients with and without re-
ported severe clinical illness (P = .667) 
or based on the virologic definition (P 
= .338). The authors concluded that a 
low initial CD4+ count may be a useful 
indicator for identifying patients who 
are likely to experience rapid disease 
progression. 
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Yue and colleagues explored the cu-
mulative impact of host and viral fac-
tors on HIV-1 RNA control after HIV-1 
transmission (Abstract 551). A hetero-
sexual Zambian transmission cohort 
provided 195 phylogenetically linked 
HIV-1 transmission pairs. HLA class I 
(HLA-I) and HIV-1 viral set point analy-
sis was performed for both partners 
and associations were determined 
based on univariate and multivariate 
analyses. Viral load set point in the 
source partner was significantly cor-
related with the viral load set point in 
the seroconverter (Pearson Correlation 
R2 = 0.020; P = .046). However, this 
effect was significantly modulated by 
sex, HLA-I marker, and HLA-B allele. 
Multivariable general linear regression 
analysis accounting for these factors 
continued to reveal a strong associa-
tion between transmitting partner vi-
ral load and seroconverter viral load  
(beta = 0.28 log10 viral load; P < .001). 

Session 102 was dedicated to diag-
nostic tools for detecting acute HIV. 
Peel and colleagues shared an evalua-
tion of the APTIMA® HIV-1 Qualitative 
RNA Assay (Gen-Probe) for identifica-
tion of acute HIV infection as a screen-
ing assay in high-risk populations in 
East Africa and Southeast Asia (Ab-
stract 556). A total of 48,229 results 
were analyzed from 1045 participants. 
Of these, 127 patients tested reactive 
by the APTIMA®, with 18 incident 
cases detected. Prevalence among 
the high-risk populations examined 
was 15.6% (Thailand), 12.4% (Tan-
zania), and 10.1% (Kenya). Infection 
status over time was used to calculate 
the sensitivity, which was 99.2%, and 
specificity, which was 99.3%. Karris 
and colleagues assessed the cost of 
missed acute HIV diagnoses in a com-
parative analysis of an HIV NAT and 
a fourth-generation antigen/antibody 
combination assay (ARCHITECT® HIV 
Combo) for detection of acute HIV 
performed retrospectively in blinded, 
banked samples (Abstract 557). A 
negative rapid test and a positive NAT 
detected 14 cases of acute infection. 
Of these, the fourth-generation combo 
assay detected 9 cases, suggesting that 
the fourth-generation combo assay 
had 5 false-negative results. The inves-

tigators predicted these 5 missed diag-
noses would result in 4.55 new trans-
missions over 12 months, compared 
with fewer transmissions when HIV 
serostatus is known. Cost-savings anal-
ysis was performed, and the authors 
concluded that the NAT should be used 
in populations with a high incidence of 
acute HIV infection. 

High viral loads associated with 
acute HIV infection raise the risk of 
transmission. Kuruc and colleagues 
found that acute HIV infections de-
tected through the North Carolina 
Screening and Tracing Active Trans-
mission (STAT) program showed an 
increasing proportion of infections in 
African Americans, MSM, and individ-
uals less than 30 years (Abstract 566). 
The researchers encouraged rapid as-
sessment of acute HIV infection cases 
so that patients could enter care and 
begin treatment immediately to avoid 
transmitting the virus. Frange and col-
leagues reported on the increasing 
role of primary HIV-1 infection in the 
spread of HIV in the ANRS (French 
National Agency for Research on AIDS 
and Viral Hepatitis) PRIMO (Primary 
Infection) cohort in France (Abstract 
1107). Investigators analyzed the HIV 
pol sequence using a phylogenetic ap-
proach to characterize HIV transmis-
sion dynamics in 987 patients. An 
increasing frequency of primary HIV 
cosegregated transmission chains was 
identified, with 10.2% before 2006 and 
15.2% from 2006 to 2010. Compared 
with unique primary HIV, clusters of 
primary HIV were more often MSM, 
of younger age, and having reported 
more casual partnerships. With this in 
mind, the authors urged reconsidera-
tion of current HIV prevention meth-
ods and testing programs. 

Advances in ART in RLS

This year’s CROI featured many out-
standing presentations describing 
advances in ART in resource-limited 
settings (RLS). The conference began 
its coverage of issues in RLS with the 
6th Annual N’galy-Mann Lectureship, 
awarded to Quarraisha Abdool Karim 
and Salim Abdool Karim, who gave a 
combined lecture on their experience 

conducting HIV research in South Af-
rica over the past 3 decades (Abstract 
17). The awardees attributed their con-
tinued success to a dedication to col-
laborating with and training research-
ers and medical students, a willingness 
to conduct research within the com-
munity, and outstanding mentorship.

Scale-up of ART and Response to 
Treatment in RLS

Bendavid described the impact of HIV 
development assistance on adult mor-
tality in sub-Saharan Africa as “one 
of the greatest global health achieve-
ments in recent memory” (Abstract 
85). He noted the correlation between 
the rise in HIV assistance to sub-Sa-
haran Africa, from US $75 million an-
nually before 2001 to more than US 
$5 billion annually by 2004, and the 
stabilization of and decrease in num-
bers of deaths from HIV in South Af-
rica. To examine the possible linkage 
between these 2 trends, Bendavid and 
colleagues conducted 2 analyses: one 
to determine if assistance from the 
President’s Emergency Plan for AIDS 
Relief (PEPFAR) was associated with 
reductions in all-cause adult mortality, 
and one to compare changes in all-
cause adult mortality associated with 
PEPFAR with changes in HIV-related 
deaths associated with PEPFAR. This 
strategy allowed for the assessment 
of unintended harms that could be 
caused by PEPFAR’s focus on the HIV 
epidemic crowding out other health 
priorities, which could result in a less 
dramatic reduction in all-cause mor-
tality than what would be expected as 
HIV-related mortality declines. 

Data from the Demographic and 
Health Surveys (DHSs), cross-section-
al, nationally representative surveys 
conducted annually in many African 
countries from 1998 to 2008, were 
pooled from 27 countries, 9 of which 
were PEPFAR focus countries. Focus 
countries were statistically significant-
ly more populous than non-PEPFAR 
focus countries but did not have statis-
tically significant differences in gross 
domestic product (GDP) per capita or 
HIV prevalence. In the first analysis, 
the authors found an unadjusted odds 
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ratio (OR) for adult death of 0.80 (95% 
CI, 0.68-0.95) in PEPFAR focus coun-
tries compared with nonfocus coun-
tries. This association remained statis-
tically significant after adjustment for 
country-specific factors of HIV preva-
lence, non-PEPFAR health assistance, 
GDP per capita, government effective-
ness, and individual-level covariates of 
age, residence in an urban area, and 
level of education (adjusted OR [aOR], 
0.84; 95% CI, 0.72-0.99).

For the second analysis, the authors 
compared the number of all-cause 
deaths averted in the 9 PEPFAR fo-
cus countries from 2004 to 2008, an 
estimated 740,800 deaths (95% CI, 
443,300-1,808,500), with the number 
of HIV-specific deaths averted over the 
same time frame in the same coun-
tries, an estimated 631,338 deaths 
(95% CI, 249,026-1,060,253). The 
wide range in CIs prevents conclusions 
about the likelihood of unintended 
harms. Bendavid and colleagues ar-
gued that, despite the uncertainty, the 
overall effect of PEPFAR intervention 
on mortality outcomes was beneficial.

Two presentations offered differ-
ent views of the change in CD4+ cell 
count at the initiation of ART. Egger 
and colleagues examined data from 
patients participating in IeDEA (Inter-
national Epidemiologic Databases to 
Evaluate AIDS) and ART-CC who had a 
CD4+ cell count measured 6 months 
prior to or 1 month after ART initiation 
(Abstract 100). The researchers used 
2 random-effects linear regression 
model analyses to examine trends in 
CD4+ cell count at ART initiation in 
low-, middle-, and high-income coun-
tries. A univariate analysis determined 
median CD4+ cell count at ART start 
in 2009 for 36 countries with a collec-
tive 244,953 ART patients, and change 
in CD4+ cell count from 2002 to 2009 
or 2010. A multivariable analysis used 
data from 240,515 patients in 22 coun-
tries with more than 500 ART patients 
each and more than 1 treatment site, 
and to explore the influences of age, 
sex, country income, country-level 
ART coverage, and calendar year on 
CD4+ cell count at ART start.

The analyses found large discrep-
ancies in median CD4+ cell count at 

ART initiation in 2009, varying from 
89 cells/µL (95% CI, 69-110) in Indone-
sia to 307 cells/µL (95% CI, 301-314) in 
the United States. However, trends in 
median CD4+ cell counts at ART start 
from 2002 to 2010 were similar in 
low-income and upper-middle-income 
countries, with annual changes being 
largest (20-25 cells/µL/year) in low-
income countries. Men and subjects 
over 40 years of age had lower CD4+ 
cell counts at ART initiation than oth-
er groups. For low-income countries 
only, national ART coverage for 80% 
or more of people qualifying for ART 
by the WHO 2010 guidelines was sta-
tistically significantly associated with 
an annual increase in CD4+ cell count 
at start of ART, but countries with ART 
coverage for less than 80% of people 
diagnosed with HIV did not demon-
strate statistically significant changes 
in CD4+ cell count at ART start. The 
authors noted limitations in the analy-
ses, including the exclusion of 25% 
of patients in the cohort because of 
missing CD4+ cell count data, limited 
or unrepresentative data from some 
countries, and the observational na-
ture of the study. The researchers ob-
served that, although median CD4+ 
count at ART start increased in most 
countries over time, it remained below 
200 cells/µL and 350 cells/µL in low- 
and high-income countries, respective-
ly. The authors also noted that higher 
national ART coverage led to statisti-
cally significant increases in CD4+ cell 
counts over time.

Lahuerta and colleagues used data 
from 151 sites supported by ICAP (In-
ternational Center for AIDS Care and 
Treatment Programs) in sub-Saharan 
Africa with 262,638 eligible patients 
over 14 years of age to study late en-
rollment into care and late ART initia-
tion, defined as CD4+ count less than 
100 cells/µL or World Health Organiza-
tion (WHO) stage IV disease (Abstract 
650). The researchers found that the 
proportion of patients enrolling in care 
late decreased statistically significantly 
from 20% in 2005 to 16% in 2010 (P 
value for trend < .001). Late ART initia-
tion also decreased from 43% to 31% 
over the same period (P value for trend 
< .001), and men had higher risk than 

women of both enrolling late (relative 
risk [RR], 1.7; 95% CI, 1.6-1.8) and 
initiating ART late (RR, 1.4; 95% CI, 
1.3-1.5) in 2010; there were similar 
discrepancies in 2005. Median CD4+ 
count within the cohort rose from 125 
cells/µL in 2005 to 178 cells/µL in 2010 
(P value for trend < .001), approaching 
prior WHO thresholds for ART initia-
tion of 200 cells/µL. The authors sug-
gested that targeted efforts are needed 
to reach HIV-infected men.

To address the lack of information 
on ART outcomes in women in RLS, 
Firnhaber and colleagues used data 
from the AIDS Clinical Trial Group 
(ACTG) PEARLS (Prospective Evalu-
ation of Antiretrovirals in Resource 
Limited Settings) trial to examine sex 
differences in ART efficacy outcomes 
(Abstract 89). The study randomly as-
signed 1571 ART-naive participants 
(47% of whom were women) with 
CD4+ counts less than 300 cells/µL 
to receive (A) lamivudine/zidovudine 
plus efavirenz, (B) didanosine, emtric-
itabine, and atazanavir, or (C) emtric-
itabine/tenofovir plus efavirenz. The 
study ran from May 2005 to 2010, 
and the primary endpoint was time 
to treatment failure, defined as con-
firmed HIV-1 plasma RNA greater than 
or equal to 1000 copies/mL at week 
16 or later, a new AIDS-defining con-
dition (ADC) at week 12 or later, or 
death due to any cause. A Data Safety 
and Monitoring Board (DSMB) review 
in 2008 led to the discontinuation of 
arm B because of inferior efficacy. The 
authors used a Kaplan-Meier analysis 
to examine time to treatment failure 
by sex and treatment arm, and they 
used a Cox proportional hazard model 
to examine the association of sex with 
outcome in both univariate and adjust-
ed analyses. At baseline, women had 
a statistically significantly higher body 
mass index (BMI) and CD4+ cell count 
than men had, and lower plasma HIV-
1 RNA levels (P < .001 for all data). In 
the primary analysis, there was no dif-
ference in time to treatment failure be-
tween men and women. Interestingly, 
there was no difference between effi-
cacy of treatment arms in the women 
in the Kaplan-Meier analysis, but men 
reached treatment failure more quickly 
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in the atazanavir-based arm (arm B) 
than women, and this difference was 
due to virologic failure. Men were found 
to report any nonadherence more fre-
quently than women did (42% vs 38%, 
respectively; P < .0011). The data are 
currently being analyzed to explore 
these adherence differences as well as 
possible sex-based pharmacokinetic 
differences that could explain the poor 
treatment outcome for men in arm B.

Treatment outcomes in women 
were also examined by Sawe and col-
leagues (Abstract 642) using posttrial 
follow-up data from the ACTG A5208 
OCTANE (Optimal Combination Ther-
apy After Nevirapine) study in Africa. 
In OCTANE, 214 women who had re-
ceived single-dose nevirapine (sdNVP) 
for prevention of mother-to-child trans-
mission (PMTCT) and 500 women who 
had not been exposed to sdNVP initi-
ated ART with tenofovir/emtricitabine 
plus either lopinavir/r or nevirapine. Of 
513 women in follow-up at completion 
of the study, 77% consented to extend-
ed follow-up and transitioned to stan-
dard care at local clinics. Of those, 489 
(95%) completed 72 weeks of follow-
up. No statistically significant increase 
in grade 3 or 4 adverse events, new 
HIV-related diagnoses, or WHO clinical 
stage was seen after transfer to local 
ART care, compared with such devel-
opments while the women were under 
the care of the study team. These are 
encouraging results for patients transi-
tioning from care under clinical trials 
to standard care in RLS, although data 
are limited because 33% of the patients 
did not enroll in long-term follow-up.

Clumeck and colleagues presented 
data from a prospective, randomized 
clinical trial taking place in the Dem-
ocratic Republic of Congo (Abstract 
88LB). The trial examined differences 
in treatment outcomes in 425 partici-
pants randomized to either lopinavir/r-
based or nevirapine-based regimens, 
with a second tier of randomization 
to determine nRTI allocation of either 
tenofovir/emtricitabine or zidovudine/
lamivudine. Inclusion criteria includ-
ed being at least 18 years of age and 
ART naive (except for sdNVP if given 
more than 1 year prior to enrollment) 
and meeting national guidelines for 

ART initiation (WHO clinical stage 
IV, WHO clinical stage III with CD4+ 
count < 350 cells/µL or CD4+ count 
< 200 cells/µL). Patients with active 
TB, pregnancy, or substantial labora-
tory abnormalities were excluded, and 
there were no statistically significant 
differences in baseline characteristics 
among the groups. The primary out-
come was therapeutic failure, defined 
as new categorization of WHO stage III 
or IV, plasma HIV-1 RNA level greater 
than 1000 copies/mL, or treatment 
change because of toxicity. Therapeu-
tic failure was seen in 36 (17%) of the 
nevirapine-based regimen arm and 23 
(11%) of the lopinavir/r-based arm at 96 
weeks (P = .014). The difference was 
driven by increased virologic failure in 
the nevirapine arm. Of those in whom 
nevirapine failed, 86% had drug resis-
tance mutations, compared with 20% 
in the lopinavir/r arm, but the statisti-
cal significance of this difference was 
not reported. There was no statistically 
significant difference in glomerular fil-
tration rate or anemia based on nRTI 
regimen component. The authors con-
cluded that the increased incidence of 
virologic failure and resistance seen in 
the nevirapine-based regimen was of 
concern and should be taken into ac-
count in rollout program planning.

Two other groups presented con-
cordant results regarding the use of 
regimens containing nevirapine and 
tenofovir. Wandeler and colleagues 
(Abstract 635) examined data from 
the IeDEA Southern Africa Collabora-
tion and found that patients on first-
line regimens containing nevirapine 
and tenofovir were more likely to die 
(aHR 1.24; 95% CI, 1.15-1.34) but 
less likely to be lost to follow-up (aHR, 
0.86; 95% CI, 0.83-0.90) than those 
receiving ART containing efavirenz 
and tenofovir. Scarsi and colleagues 
(Abstract 636) found a higher initial 
and persistent rate of virologic failure 
in Nigerians initiating ART with teno-
fovir, emtricitabine, and nevirapine 
(10.6%) than in those initiating with zi-
dovudine, lamivudine, and nevirapine 
(7.1%, P < .001). These results add to 
the growing call for an evaluation of 
initial regimens containing nevirapine 
and tenofovir.

Linkage to Care and Loss to Follow-
Up in Adults in RLS

A themed discussion included several 
presentations on novel approaches to 
linkage to care. See Table 2 for some 
of the major findings. McNairy moder-
ated the session, which began with a 
brief overview, highlighting data from 
RLS showing that 59% of HIV-infected 
people link to care, but the range in 
studies is from 33% to 88%.1 As linkage 
to care is not a PEPFAR indicator or 
routinely reported, data are often lim-
ited. McNairy discussed several novel 
approaches to linkage to care, includ-
ing point-of-care CD4+ cell count mea-
surements, case management, and  
financial incentives for care entry. 
Chamie and colleagues explored the 
first of these strategies by offering 
community-based voluntary counsel-
ing and testing along with point-of-
care CD4+ cell count testing and rapid 
TB testing during a 5-day multi-disease 
community health campaign in Ugan-
da (Abstract 1134). Participants who 
were tested were stratified into active 
referral (CD4+ count > 100 cells/µL or 
enhanced referral (CD4+ count ≤ 100 
cells/µL). Active referral cases were giv-
en a follow-up appointment within 3 
months; enhanced referral cases were 
given an appointment within 2 weeks 
and initiated ART at the first clinic visit. 
The community population was 6300, 
and approximately 75% were tested. 
The adult HIV prevalence was 7.8%. Of 
139 adults accepting referral to care, 
only 8 met criteria for enhanced re-
ferral. Of these, 6 (75%) linked to care 
successfully, all within 10 days, and ini-
tiated ART at their first clinic visit. Of 
the 131 participants who were classi-
fied as active referral, only 58% linked 
to care within 3 months; the lower the 
CD4+ cell count, the more likely the 
person would link to care. The authors 
concluded that the active-referral strat-
egy was insufficient to achieve high 
levels of linkage to care.

Van Rooyen and colleagues present-
ed a study on the efficacy of home-
based HIV counseling in achieving 
linkage to care in KwaZulu-Natal, South 
Africa (Abstract 1135). The study en-
rolled 282 households with 743 adults, 
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91% of whom consented to HIV test-
ing and point-of-care CD4+ cell count 
measurement. Only 33% of partici-
pants were male. Of all participants, 
203 were newly identified as HIV-in-
fected. By 3 months after HIV testing, 
88% of those found to be seropositive 
had linked to care, and 11 of 13 eligible 
for ART were receiving it. The authors 
concluded that home-based testing 
was effective in reaching undiagnosed 
individuals with high CD4+ cell counts 
and achieved high rates of linkage to 
care.

The IeDEA cohort also presented a 
meta-analysis and review of linkage to 
care from diagnosis to ART initiation 
(Abstract 1143). The analysis used pub-
lished data to determine the comple-
tion of 4 key steps in linkage to care: 
(1) HIV testing, (2) CD4+ cell testing 
with ART eligibility assessment, (3) 
ART eligibility, and (4) ART initiation. 
The data were drawn from 29 studies 
involving 148,912 ART-naive patients, 
and the researchers found that, of 
ART-eligible patients, only 62% initiat-
ed treatment (95% CI, 55.2%-70.7%). 
Mortality among those patients eligible 
for ART who did not initiate was 10.8% 
(95% CI, 4.6%-17.0%). Loss to follow-
up occurred in 24.6% (95% CI, 10.8%-
30.3%) of patients eligible for ART and 
54.2% (95% CI, 42.8%-72.0%) of pa-
tients who were not eligible for ART. 
Based on these data, mortality and 
loss to follow-up prior to ART initiation 
are substantial barriers to ART cover-
age in RLS.

Geng and colleagues examined the 
issue of loss to follow-up in 4318 Ugan-
dan patients entering HIV care with 
CD4+ cell counts greater than 350 
cells/µL, making them ineligible for 
ART (Abstract 1151). A random sam-
ple of patients lost to follow-up was 
tracked in the community to deter-
mine vital status and clinical-care in-
formation. Over 2.5 years of follow-up, 
1101 (35%) of patients initiated ART. Of 
the 858 patients (30%) lost to follow-
up, 67 were tracked in the community, 
and outcomes were ascertained for 56 
(84%) of them. Cumulative mortality at 
2.5 years after last clinic visit for those 
lost to follow-up was 13.6% (95% CI, 
5.5%-31.6%), and 56% of those thought 

to be lost to follow-up were found to 
be alive and in care at a new site. Al-
though it is encouraging that many of 
those considered lost to follow-up were 
actually in care at a different site, the 
high mortality seen in this study cor-
roborates the concern generated by 
the previously discussed presentations 
on linkage to care and follow-up.

Several groups explored retention in 
care and loss to follow-up after ART ini-
tiation. Elul and colleagues used data 
from 656 ICAP-sponsored treatment 
sites in sub-Saharan Africa to deter-
mine whether the proportion of non-
retention in care at 6 and 12 months 
was changing over time and what fac-
tors were associated with nonretention 
trends (Abstract 86). The study aggre-
gated program data from more than 
316,762 patients older than 6 years in 
5690 successive cohorts initiating ART 
quarterly from 2005 to 2010 were ana-
lyzed. Poisson regression with gener-
alized estimating equations was used 
to show that there was no statistically 
significant change in nonretention at 
6 or 12 months after ART initiation, 
with 27% to 29% of patients not being 
retained in care at 12 months through-
out the observation period. When the 
investigators stratified nonretention 
at 12 months by country, they found 
statistically significant heterogeneity, 
with the lowest nonretention rates in 
Rwanda and the highest nonreten-
tion rates in Lesotho and Cote d’Ivoire. 
Nonretention was also examined by 
clinic maturity, and no statistically sig-
nificant change in nonretention was 
found from 1 year to 5 years of clinic 
operation. Urban location, smaller 
clinic sizes, and lower CD4+ cell test-
ing coverage at ART initiation were 
factors statistically significantly associ-
ated with nonretention at 12 months. 
One limitation to this analysis was that 
undocumented transfers of care were 
counted as nonretention events, but 
the authors noted that the lack of de-
terioration in retention rates over time 
during scale-up was encouraging.

Lamb and colleagues also used data 
from ICAP-sponsored sites to exam-
ine nonretention of loss to follow-up 
among 51,880 HIV-infected individu-
als 15 to 24 years of age (Abstract 

1149). Loss to follow-up was defined 
as not returning to clinic for 6 months 
for those receiving ART and 12 months 
for those not receiving ART. Compared 
with adults from 25 to 54 years of age, 
HIV-infected youth had a relative risk 
of loss to follow-up of 1.30 (95% CI, 
1.27-1.34) prior to ART initiation, and 
1.64 (95% CI, 1.55-1.73) after ART ini-
tiation, after adjustment for country, 
facility type, location, point of HIV care 
entry, year of ART initiation, sex, preg-
nancy status, TB status, and CD4+ cell 
count at ART initiation. Risk factors for 
loss to follow-up before ART initiation 
included TB treatment (which was pro-
tective), earlier enrollment, and higher 
enrollment CD4+ cell count. Risk for 
loss to follow-up after ART initiation 
was associated with male sex, preg-
nancy, and CD4+ count at initiation ei-
ther less than 100 cells/µL or 350 cells/
µL or above. Youth between the ages of 
15 years and 24 years appeared to be 
particularly at risk for loss to follow-up 
before and after ART initiation.

Finally, 2 investigator groups pre-
sented data on the efficacy of com-
munity-based adherence support, one 
in the form of one-on-one home visits 
(Abstract 1146) and the second using 
nonclinical adherence clubs run by 
health workers (Abstract 1150). Both 
studies showed increased rates of re-
tention in care in the adherence sup-
port groups.

ART Outcomes in Children in RLS

The consequences of early versus de-
ferred ART in children were examined 
in 3 presentations. Ananworanich and 
colleagues (Abstract 24) conducted 
a substudy on neurodevelopmental 
outcomes within PREDICT (Prospec-
tive Randomized Evaluation of DNA 
Screening in a Clinical Trial), which 
randomized 299 HIV-infected Thai 
and Cambodian children from 1 to 
12 years of age with CD4+ percent-
age from 15% to 24% to either im-
mediate ART or deferral of treatment 
until CD4+ percentage was less than 
15%. The primary results of this study 
were presented by Puthanakit and col-
leagues at the 2011 International AIDS 
Society (IAS) conference; investigators 
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found AIDS-free survival rates of 98% 
in both arms at 144 weeks.2 The neu-
rodevelopmental substudy’s primary 
objective was to test the hypothesis 
that neurodevelopmental outcomes 
at week 144 would be superior in the 
immediate ART group compared with 
the deferred ART group. Investigators 
enrolled 284 children from PREDICT 
using criteria described above. Control 
groups included 155 HIV-uninfected 
exposed children and 164 HIV-unin-

fected unexposed children. The re-
searchers found that intelligence test 
scores did not differ between imme-
diate and deferred ART groups, but 
both were statistically significantly 
lower than the HIV-uninfected control 
groups. Statistically significantly poor-
er outcomes were also seen in fine mo-
tor skills, memory scores, and behav-
ioral scores for HIV-infected children 
than in HIV-uninfected controls. The 
authors compared their results to the 

CHER (Children with HIV Early Anti-
retroviral Therapy) study, which found 
that early ART was associated with im-
proved neurodevelopmental outcomes 
for infants when it was initiated prior 
to 12 weeks of age. This suggests that 
a crucial window for early ART impact 
on neurocognitive development may 
have been missed in children who 
did not initiate ART until at least 12 
months of age.

Wamalwa and colleagues presented 

Table 2. Selected Presentations Regarding Linkage to Care and Retention in Care in Resource-Limited Settings 

Study Description Cohort Description  Key Findings

Abstract 1143

Meta-analysis of linkage to  
care from diagnosis to ART  
initiation

Sample: data published from 29 
studies on 148,912 ART-naive 
patients

Examined completion of 4 steps:  
1) HIV testing, 2) CD4+ cell test-
ing and ART eligibility assess-
ment, 3)ART eligibility, and 4) 
ART initiation

• Of ART-eligible patients, 62% (95% CI, 55.2-70.7) initiated ART

• Mortality among those patients eligible for ART who did not initiate was    
  10.8% (95% CI, 4.6-17.0)

• Loss to follow-up occurred for:
   -  24.6% of those eligible for ART (95% CI, 10.8-30.3)
   -  54.2% of those not eligible for ART (95% CI, 42.8-72.0)

Conclusion: Mortality and loss to follow-up prior to ART initiation are   
   barriers to ART coverage in RLS, particularly for those who are not  
   eligible for ART at diagnosis.

Abstract 1151

Examining loss to follow-
up for those ineligible 
for ART at diagnosis in 
Uganda

Sample: 4,318 Ugandan patients  
entering care with CD4+ count  
>350 cells/µL

Tracked a random sample of 
those who were lost to follow-up 
to determine status and clinical 
care information

• Over 2.5 years of follow-up, 1101 (35%) of patients with initial CD4+    
   count >350 cells/µL initiated ART 

• Cumulative mortality at 2.5 years for those lost to follow-up was  
   13.6% (95% CI, 5.5-31.6)

• 56% of those lost to follow-up were found to be alive and in care at a   
   new site

Conclusion: More than half of those lost to follow-up were in care at a    
   new clinical site, but those lost to follow-up had high mortality rates. 

Abstract 86

Assessing changes over 
time in the proportion of 
nonretention in care at 6 
and 12 months after ART 
initiation

Sample: Aggregate ICAP pro-
gram data from over 316,762 
patients >6 years of age in 5,690 
successive cohorts initiating ART 
quarterly from 2005 to 2010

Poisson regression with general-
ized estimating equations used 
to assess changes in nonreten-
tion at 6 and 12 months

• No significant change in nonretention over time at 6 or 12 months

• 27%-29% of patients were not retained at 12 months throughout the     
   observation period

• Urban location, smaller clinic sizes, and lower CD4+ cell testing coverage    
   at ART initiation were associated with nonretention at 12 months

Conclusion: Lack of deterioration in retention rates over time in a setting  
   of rapid scale-up of treatment capacity across various sites is encouraging.

Abstract 1149

Determining loss to 
follow-up in 15-to 
24-year-olds in RLS

Sample: 51,880 HIV+ individuals 
15 to 24 years of age receiving 
care at an ICAP-sponsored site

Determined predictors of loss to  
follow-up, defined as not return-
ing to clinic for 6 months if 
receiving ART and 12 months if 
not

• HIV+ youth had a relative risk of loss to follow-up compared with adults     
   20-54 years of age:
   -  Prior to ART initiation: 1.30 (95% CI, 1.27-1.34); associated with:   
      tuberculosis treatment, which was protective; earlier enrollment; and   
      higher enrollment CD4+ count
   -  After ART initiation: 1.64 (95% CI, 1.55-1.73); associated with male  
      sex, pregnancy, and CD4+ count at initiation either <100 or ≥350 cells/µL

Conclusion: Youth aged 15 to 24 years appear to be particularly at risk for    
   loss to follow-up both before and after ART initiation

ART indicates antiretroviral therapy; CI, confidence interval; ICAP, International Center for AIDS Care and Treatment Programs; HIV+, HIV 
seropositive; RLS, resource-limited settings 
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a different treatment strategy for in-
fants, treatment interruption after 
early ART initiation. This approach 
was tested in Kenya in the OPHO3 
(Optimizing Pediatric HIV-1 Therapy 
03) Study (Abstract 27). The study in-
cluded 42 infants who initiated ART 
aged 13 months or younger and who 
were on ART for more than 24 months, 
had CD4+ percentage of 25% or high-
er, and had normalized their growth. 
Participants were randomized in a 
nonblinded fashion to continued ver-
sus interrupted ART and monitored 
over 18 months for the endpoints of 
weight-for-height z-scores and serious 
adverse events. Treatment was reiniti-
ated in the interruption arm if CD4+ 
percentage dropped below 25%, or 
participants experienced poor growth 
or a new opportunistic infection. There 
were no statistically significant differ-
ences between the 2 arms. Of the 21 
children in the treatment interruption 
arm, 18 (86%) reinitiated ART; 14 of 
these reinitiated at 3 months because 
CD4+ percentage fell below 25%. The 
study’s DSMB recommended that ran-
domization be discontinued because 
too few participants remained in treat-
ment interruption beyond 3 months, 
rather than for safety concerns. There 
were no statistically significant differ-
ences in growth or serious adverse 
events (SAEs) between the treatment 
interruption and continuation arms, 
but children who interrupted treat-
ment had statistically significantly low-
er CD4+ percentages 15 months after 
randomization. Reinitiation of ART 
in the interruption group was associ-
ated with lower CD4+ percentage at 
randomization, with a median CD4+ 
percentage of 33% in the group reiniti-
ating at or before 3 months, compared 
with a median CD4+ percentage of 
39% in the group reinitiating at or after 
6 months (P = .04). The investigators 
concluded that treatment interruption 
was not feasible for this patient popu-
lation.

Cotton and colleagues presented 
the final data from 6 years of follow-up 
in the CHER trial (Abstract 28LB). The 
trial tested the utility of early, limited 
ART initiated at or before 12 weeks 
of age, followed by treatment inter-

ruption. The study randomized 375 
children diagnosed with HIV infec-
tion before 12 weeks of age who had 
a CD4+ percentage of 25% or higher 
to 1 of 3 arms: (1) deferred ART; (2) 
early ART to 40 weeks followed by 
treatment interruption; or (3) early 
ART to 96 weeks. ART was (re)initiated 
in all 3 arms when CD4+ percentage 
dropped below 20% or participants ex-
perienced a clinical event. The primary 
study endpoint was time to failure of 
initial ART (lopinavir/r plus zidovu-
dine and lamivudine); failure was de-
fined as CDC category B or C clinical 
events, CD4+ percentage below 20%, 
or regimen-limiting toxicity. Within the 
first year of the study, a DSMB review 
found that the deferred ART arm had 
16% mortality, and the other 2 arms 
had 4% in each. The deferred ART arm 
(arm 1) was stopped, 34 additional 
infants were enrolled in the study to 
maintain power, and early ART be-
came standard of care for infants.3 
Baseline characteristics were not sta-
tistically significantly different among 
the 3 study arms, and 91% of partici-
pants completed the study. The HR for 
death or failure of the initial ART for 
the interruption after 96 weeks arm 
(arm 3) was 0.58 (95% CI, 0.35-0.96) 
compared with the ART deferred arm 
(arm 1), but was not statistically sig-
nificantly different for the ART inter-
ruption after 40 weeks arm (arm 2). 
Comparing the 40- and 96-week arms 
(arms 2 and 3), there was no statisti-
cally significant difference in achieve-
ment of the primary endpoint. Only 
7 participants switched to second-line 
ART in any of the arms. The authors 
concluded that early treatment ini-
tiation and continuation for 96 weeks 
versus 40 weeks prior to interruption 
resulted in similar ART exposure and 
longer subsequent treatment interrup-
tion, with no statistically significant 
differences seen in treatment failure 
or clinical events. Resistance data and 
other analyses from the 6-year follow-
up data are forthcoming.

Lindsey and colleagues (Abstract 
25) presented data from the P1060 
trial, which compared the safety and 
efficacy of lopinavir/r-based regimens 
with nevirapine-based regimens for 

children 6 months to 3 years of age, 
164 of whom had been exposed to sd-
NVP for PMTCT (exposed group) and 
228 of whom had not been exposed to 
nevirapine (unexposed group). The pri-
mary outcome was permanent discon-
tinuation of nevirapine or lopinavir/r 
or failure to achieve virologic control 
after 24 weeks on ART. The exposed 
group was statistically significantly 
younger, more likely to have HIV sub-
type C, and less likely to be breast-
fed than the unexposed group. The 
exposed group also had statistically 
significantly higher median CD4+ per-
centage, plasma HIV-1 RNA levels, and 
WHO weight z-score at baseline than 
the unexposed group. The DSMB for 
the study recommended early closure 
of accrual to the nevirapine-exposed 
group because the lopinavir/r arm 
showed superiority to the nevirapine 
arm for the primary endpoint. Cox 
proportional hazard models showed 
no statistically significant interaction 
between prior exposure to nevirapine 
and treatment effect. In the adjusted 
model, no statistically significant dif-
ference was seen between treatment 
response in the sdNVP-exposed and 
unexposed groups, but lower CD4+ 
percentage and higher plasma HIV-1 
RNA levels predicted shorter time to 
the primary outcome. Interestingly, 
children in the nevirapine-based treat-
ment arm had a statistically signifi-
cantly greater increase in CD4+ per-
centage and weight-for-height z-score 
than those treated with lopinavir/r-
based regimens. The dominant limita-
tion of the analysis was that exposure 
to sdNVP was not randomized and the 
2 cohorts had significant differences at 
entry. The investigators concluded that 
these data do not support the use of 
sdNVP as a reason to avoid nevirapine-
based regimens for children between 6 
months and 3 years of age, and specu-
lated that the high HIV-1 plasma RNA 
levels at ART start and nevirapine ini-
tiation at half-dose may have led to the 
poor performance of nevirapine-based 
regimens in this investigation.

Prendergast placed the treatment 
strategy data reviewed above in con-
text in a symposium on early ART ini-
tiation strategies in infants (Abstract 
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113). He explored data regarding 3 
major strategic questions: (1) when to 
start ART, (2) what regimen to start, 
and (3) whether to switch or stop ART. 
A webcast of this symposium, which 
also discussed results from published 
trials relevant to these strategic ques-
tions, is available on the CROI web site 
(http://www.retroconference.org).

ART for Pregnant and Postpartum 
Women

An interesting addition to this year’s 
CROI was a focus on the complexi-
ties of implementing ART in pregnant 
women in RLS and in non-RLS, high-
lighted in a themed discussion (Ab-
stracts 1015-1019) and several other 
presentations (Abstracts 1005, 1006, 
1020-1023). Anderson began the 
themed discussion with an emphasis 
on the current convergence between 
guidelines for ART in pregnancy in RLS 
and resource-rich settings, with the 
2010 WHO guidelines for RLS recom-
mending lifelong ART for those with 
CD4+ counts less than 350 cells/µL 
and encouraging triple ART prophylax-
is for PMTCT if possible. The remain-
ing discrepancy in RLS is predomi-
nantly because of the lack of virologic 
monitoring in such settings and the 2 
options for discontinuation of ART in 
the setting of PMTCT: option A, 1 week 
postpartum, or option B, at delivery if 
formula feeding or 1 week after com-
pletion of breastfeeding. Recently, an 
“option B+” of lifelong ART for preg-
nant women regardless of disease sta-
tus has been proposed, but concerns 
remain regarding the feasibility of 
ensuring lifelong adherence and re-
tention in care, as well as the poten-
tial for toxicity or adverse pregnancy 
outcomes.4 Further data on option B+ 
will be discussed in the PMTCT section 
in this review. 

Fowler and colleagues explored a 
similar question in HIV-infected wom-
en in sub-Saharan Africa enrolled in 
the HPTN (HIV Prevention Trials Net-
work) 046 study by examining disease 
progression in the first 12 months 
postpartum in women not meeting 
regional guidelines for ART initiation 
(Abstract 1015). Of 2025 HIV-infected 

women, 71% had a CD4+ count 350 
cells/µL or higher at delivery. By 12 
months postpartum, 26 (2%) of 1154 
women with CD4+ counts 350 cells/µL 
or higher at delivery had dropped to 
CD4+ below 200 cells/µL. Of the 350 
women with baseline CD4+ counts 
from 400 cells/µL to 549 cells/µL, 37% 
had CD4+ counts below 350 cells/
µL at 12 months postpartum. Only 
4.3% of all women progressed to AIDS 
based on immunologic or clinical cri-
teria during the observation period. 
The authors concluded that, although 
progression to AIDS was relatively un-
common, the dramatic decreases in 
CD4+ cell counts over the 12 postpar-
tum months could support an option 
B+ of initiating lifelong therapy for 
HIV-infected women during their first 
pregnancy.

Data on the difficulties of adherence 
during continuous ART in pregnancy 
and postpartum in RLS was presented 
by Kreitchmann and colleagues (Ab-
stract 1016). The LILAC (Longitudinal 
Study in Latin American Countries) is 
a prospective cohort of HIV-infected 
women and their infants at 10 sites in 
Brazil, 1 in Argentina, and 2 in Peru. 
The study observes women from 22 
weeks of pregnancy to 2.5 years after 
delivery and examines self-reported 
adherence to ART by 3-day recall. Of 
this cohort, 53% were using ART for 
PMTCT alone, and 47% met criteria for 
treatment. The study found a statisti-
cally significant decline in adherence 
rates from pre-delivery (mean percent 
adherence, 96.2%) to 6 months post-
partum (mean percent adherence, 
90.7%; P < .005), but no difference 
in adherence between those on ART 
for prophylaxis and those on ART for 
treatment. Multivariate models were 
developed to predict nonadherence 
at 3 time points: predelivery, 6 to 12 
weeks postpartum, and 6 months 
postpartum. The final adjusted mod-
els showed that nonadherence was 
statistically significantly associated 
with current tobacco use predelivery 
(aOR, 2.9; 95% CI, 1.46-6.14), older 
age 6 to 12 weeks postpartum (aOR, 
1.06/year; 95% CI, 1.00-1.12), and cur-
rent alcohol use 6 months postpartum 
(aOR, 3.04; 95% CI, 1.34-6.90). The 

researchers concluded that adherence 
support is needed throughout the en-
tire postpartum period, particularly in 
women using alcohol or tobacco.

Strategies for Laboratory Monitoring 
in RLS

Saag and colleagues presented data 
from a cluster randomized trial of 
HIV-infected individuals initiating 
ART in Zambia (Abstract 87). The trial 
compared routine plasma HIV-1 RNA 
testing (every 3 months for the first 6 
months and every 6 months thereaf-
ter) with discretionary testing (avail-
able for anyone meeting criteria for 
clinical or immunologic failure at each 
visit and standard of care for the coun-
try). The primary endpoint of the study 
was all-cause mortality, with second-
ary endpoints of switch to second-line 
regimen and genotypic testing for re-
sistance. The investigators highlighted 
that the plasma HIV-1 RNA level data 
from the discretionary testing arm was 
only 65% complete at the time of the 
presentation. The study found that 
overall mortality and virologic suppres-
sion rates were not statistically signifi-
cantly different between the 2 arms. 
As anticipated, the switch to second-
line regimen was higher (3.1 switches 
per 100 patient/years; HR for switch, 
1.94; 95% CI, 1.22-3.10) in the routine 
monitoring arm than in the discretion-
ary testing arm (1.6 per 100 patient/
years) because the latter used changes 
in a patient’s clinical or immunologic 
condition to trigger consideration of 
switch. Although the time to virologic 
failure was similar in both arms, the 
median time to switch was 168 days 
in the routine testing arm and 560 
days in the discretionary testing arm  
(P < .0001). Limitations to this investi-
gation included that it was underpow-
ered to detect a mortality difference 
and unable to fully assess reasons for 
switch to second-line regimens. Addi-
tionally, constraints on formulary op-
tions for second- and third-line ART 
in Zambia may have influenced the 
willingness of providers to change 
regimens. The researchers concluded 
that routine virologic monitoring led to 
higher rates of change to second-line 
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regimens and less time on failing ART, 
and highlighted that it was feasible to 
successfully embed this operational 
research project into routine care at 
PEPFAR clinics. HIV genotype analy-
ses, cost effectiveness analyses, and 
detailed examinations of adherence 
interventions are forthcoming.

Egger and colleagues addressed the 
problem of lack of virologic monitor-
ing in RLS by using data from the Ie-
DEA cohort to develop a chart of risk 
for virologic failure based on CD4+ cell 
count over time (Abstract 634). The 
researchers incorporated data from all 
IeDEA cohorts in South Africa where 
routine virologic monitoring was avail-
able, and included patients with base-
line CD4+ cell count, age, sex, and 
more than 1 plasma HIV-1 RNA level 
and CD4+ cell count cell count at least 
6 months after ART initiation. CD4+ 
cell count trajectories were analyzed in 
patients with virologic suppression us-
ing mixed models and fractional poly-
nomials, stratified by pre-ART CD4+ 
cell count. The converse analysis, pre-
dicting virologic failure for the same 
CD4+ categories, was conducted us-
ing Poisson models. These data were 
combined to create overlapping charts 
of CD4+ cell count trajectories over 
time and risk of virologic failure, with 
separate charts for men and women in 
each of the 4 baseline CD4+ cell count 
strata. These risk charts were then vali-
dated with data from the TREAT Asia 
(Therapeutics Research, Education, 
and AIDS Training in Asia) HIV Ob-
servational Database (TAHOD). CD4+ 
cell count trajectories with suppressed 
viral replication were somewhat more 
favorable in women than in men, and 
the charts were most accurate in pre-
dicting virologic failure in patients ini-
tiating ART at lower CD4+ cell counts. 
The investigators suggested that these 
risk charts could be used to support de-
cision-making with respect to switch-
ing to second-line therapy in programs 
without access to plasma HIV-1 RNA 
level monitoring.

A highlight of the laboratory moni-
toring in RLS discussion was Sher-
man’s presentation on the challenges 
of HIV diagnosis in infants in RLS (Ab-
stract 112). In 2004, when ART became 

available for the first time for infants in 
RLS, the WHO guidelines recommend-
ed a single PCR test at 6 weeks of age, 
with the timepoint chosen because it 
coincided with scheduled immuniza-
tion visits. From 2004 to 2010, there 
was an impressive scale-up of PCR di-
agnostic testing in South Africa. How-
ever, access to this technology remains 
limited, not all HIV-exposed infants are 
tested, and some infants who test pos-
itive for early infection with HIV are 
not accessing ART. Despite these ca-
veats, the increased availability of PCR 
testing for infant diagnosis has en-
abled South Africa to use PCR test re-
sults to monitor the success of PMTCT 
programs by region. Using estimated 
numbers of infants who should be 
tested by area, early infant diagnosis 
coverage and early transmission rates 
among those infants who were tested 
can be determined. Sherman cited this 
as a success in allowing a transition 
from national to local control and ac-
countability for PMTCT efforts.

Current testing available for early 
infant diagnosis is increasingly au-
tomated, leading to decreased tech-
nologist time, increased sensitivity, 
and improved specificity, all of which 
may enable earlier diagnosis, even in 
the setting of ART for PMTCT. Point-of-
care testing platforms for early infant 
diagnosis are also being evaluated, but 
none have been launched. Sherman 
discussed the underutilization of rapid 
HIV antibody detection assays, which 
can identify HIV-exposed infants and 
can exclude infection in older HIV-
exposed infants. For children younger 
than 18 months, rapid test perfor-
mance is less uniform than in adults 
and tests must be chosen based on 
specific clinical application, whether 
that be testing for exposure or serorev-
ersion because of the passive transfer 
of maternal antibody to the infant. 

Sherman presented unpublished 
data from her own laboratory of in-
fant diagnosis algorithm testing in 838 
mother/infant pairs using 2 plasma 
HIV-1 RNA measurement assays, 1 at 
birth and the other 6 weeks later. Of 
those, tests showed 43 infants were 
infected: 29 in utero (positive PCR for 
HIV infection at birth), 9 intrapartum 

(negative PCR at birth and positive 
PCR at 6 weeks), and 5 postpartum 
(positive HIV test after 6 months of 
age). At the 6-week PCR test for this 
same cohort, 18 of the intrauterine in-
fections and 8 intrapartum infections 
were detected. Thus, 76% of all early 
infections within the cohort would 
have been detected at birth. Using the 
standard of care 6-week test meant 
that 11 (32%) of the infants diagnosed 
retrospectively with early HIV infection 
were lost to follow-up. Sherman also 
discussed the mounting evidence that 
prolonged PMTCT prophylaxis may de-
lay infant diagnosis, including her own 
laboratory’s data, which showed that a 
single dose of nevirapine and zidovu-
dine led to 4 of 18 HIV-infected infants 
having negative plasma HIV-1 RNA lev-
els. Sherman stated that research pri-
orities should focus on data collection 
directed at a revision to the testing al-
gorithm, perhaps with at-birth testing 
using a point-of-care test. 

PMTCT

Two oral presentations on PMTCT ef-
forts placed particular emphasis on 
the advent of the 2010 WHO Guide-
lines and the Joint United Nations Pro-
gramme on HIV/AIDS (UNAIDS) Global 
Plan to reduce mother-to-child trans-
mission (MTCT) to less than 5% of the 
current rate by 2015. 

As part of the CROI Workshops for 
New Investigators and Trainees, Flynn 
reviewed the successes in, barriers to, 
and consequences of PMTCT (Abstract 
5). She reflected on the evolution of the 
understanding of risk of HIV transmis-
sion to infants in utero, during labor 
and delivery, and during the breast-
feeding period, and she reviewed how 
such understanding has led to effec-
tive new PMTCT strategies. She high-
lighted exciting innovations in the field 
and areas of growth such as promising 
immune therapies, enhanced testing 
initiatives, programs to optimize en-
gagement in care, outcomes data on 
children with HIV or ART exposure, 
and novel point-of-care technology. 

Mbori-Ngacha echoed many of these 
themes in her plenary session that 
opened the third day of the conference, 
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dedicated to the elimination of MTCT 
of HIV (Abstract 75). She provided an 
overview of PMTCT strategies with em-
phasis on the scope of MTCT, scientific 
advances, and opportunities for global 
elimination, describing the Global Plan 
for the elimination of MTCT. Staggering 
statistics from 2010 regarding ongoing 
MTCT of HIV were cited, with 390,000 
children infected with HIV globally and 
92% of these infections having occurred 
in sub-Saharan Africa. The Global Plan, 
which focuses on 22 countries (located 
primarily in sub-Saharan Africa) that 
bear 91% of the global burden of MTCT 
of HIV, has 2 main targets: to reduce 
MTCT to less than 5% in HIV-infected 
breastfeeding mothers and to reduce 
the number of AIDS-related maternal 
deaths by 50% by 2015. UNAIDS is pro-
posing a multi-pronged approach for 
PMTCT in RLS, including prevention of 
HIV in young women, prevention of un-
intended pregnancies in HIV-infected 
women, prevention of transmission 
from HIV-infected women their infants, 
and support for infected mothers and 
their families. 

Mbori-Ngacha reviewed the benefits 
and drawbacks of options for PMTCT 
at higher CD4+ cell counts. Although 
option A (maternal zidovudine and 
6 weeks of infant prophylaxis with 
nevirapine or zidovudine) is associ-
ated with lower rates of infant ad-
verse events, costs less, and requires 
less monitoring, this option requires a 
known CD4+ cell count, may be more 
complex to deliver, and is associated 
with a substantial risk of NNRTI re-
sistance. On the other hand, option 
B (triple drug ART prophylaxis) offers 
uniformity in treatment for pregnant 
women, prevents transmission to un-
infected partners, and may provide ad-
ditional health benefits to the mother 
during pregnancy, but there are con-
cerns about increased cost, more nec-
essary safety monitoring, and more 
adverse effect than option A, as well as 
the potential for drug resistance. 

Application of PMTCT Guidelines

Rundare and colleagues presented 
data on the effect of the uptake of the 
South African National Department 

of Health PMTCT Guidelines in South 
Africa (Abstract 1003). Investigators 
compared outcomes in women ob-
served between June 2009 and June 
2011. A cohort of 1995 mother-infant 
pairs was included, with 1147 mothers 
attending prior to these guidelines be-
ing released and 848 attending after 
the guidelines’ release. Transmission 
rate prior to the guideline change was 
3.4% (95% CI, 2.6%-5.0%) and dropped 
to 1.5% (95% CI, 0.9%-2.9%; P = .2) 
after the implementation of the guide-
lines. The authors concluded that the 
South African guidelines were effective 
and associated with decreased MTCT 
of HIV at 6 weeks. 

French and colleagues reported on 
rates of repeat pregnancies among HIV-
infected women, stratified by immu-
nologic status and virologic outcomes 
for women not on ART at conception 
(Abstract 1019). Based on analysis 
from the United Kingdom/Ireland Na-
tional Study of HIV in Pregnancy and 
Childhood, 1177 second pregnancies 
were identified from 2000 to 2010 in 
women not on ART at conception. At 
the time of the second pregnancy, the 
median CD4+ count was 392 cells/
µL, with 40% of women having CD4+ 
counts less than 350 cells/µL and 24% 
with a CD4+ count less than 200 cells/
µL. Investigators found that two-fifths 
of women had an immunologic indica-
tion for ART at the start of their second 
pregnancy. Nearly half of these wom-
en had had CD4+ counts of 350 cells/
µL or higher at their first pregnancy. 
There were high rates of antenatal ART 
(97%); however, most started during 
or after the second trimester and 27% 
of women not on ART at conception 
had detectable plasma HIV RNA lev-
els at delivery. The risk of a detectable 
plasma HIV RNA levels at delivery was 
associated with timing of ART initia-
tion. The authors urged consideration 
of lifelong ART at first pregnancy for all 
women (option B+). 

Availability of PMTCT Services

The effort to reduce MTCT rates to 
less than 5% of the current number 
by 2015 is hindered by many factors: 
inadequate coverage of PTMCT treat-

ment in many settings, cost consider-
ations, and political commitment. 

Chi presented on field effective-
ness of universal ART for PMTCT in 
rural Zambia (Abstract 23LB). In a pro-
spective cohort study, 9 rural facilities 
in Zambia were analyzed. Four sites 
offered universal ART regardless of 
CD4+ cell count, and 5 sites provided 
standard-of-care treatment: short-
course zidovudine starting at 28 weeks 
of pregnancy and through the intra-
partum period and sdNVP intrapar-
tum with a zidovudine/lamivudine tail. 
Infants received sdNVP followed by a 
week of zidovudine. From April 2009 
to December 2010, 284 women were 
enrolled; 143 received universal ART 
and 141 received short-course therapy. 
At 12-month follow-up, rates of HIV 
infection or death were higher in the 
short-course therapy arm (19.8% com-
pared with 5.8% in the universal ART 
arm; RR, 3.44; 95% CI, 1.56-7.59). The 
rate of loss to follow-up was higher in 
the universal ART arm. The authors 
offered this as evidence in support of 
2010 WHO guidelines recommending 
option B over option A and urged tai-
lored interventions to improve adher-
ence and retention in care for preg-
nant and postpartum women. 

Assessments of PMTCT program 
outcomes in the United States were 
presented by Taylor and colleagues 
(Abstract 1000). Using published na-
tional estimates of rates of perinatal 
ART exposure, cases prevented, and 
infected infants in the era of ART 
prophylaxis, the authors reported 
124,280 HIV-exposed infants, 25,659 
cases of MTCT prevented, and 102,543 
infants exposed to ART from 1994 to 
2010. Nationally, there were 183 and 
151 cases of MTCT in 2006 and 2009, 
respectively. The authors pointed out 
that the incidence of perinatal HIV in-
fection continues to exceed the goal of 
1 infection per 100,000 live births. 

Diagnostics and MTCT

Given that women with low CD4+ cell 
counts are more likely to transmit HIV 
to their infants perinatally and have 
high mortality rates, identification and 
treatment of pregnant women with 
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low CD4+ counts is a top priority. De-
lays in CD4+ cell count testing can 
hinder care. Furthermore, awareness 
of a low CD4+ cell count can motivate 
women to engage more fully in care. 
Mnyani and colleagues presented data 
on the role of point-of-care CD4+ test-
ing in a PMTCT setting (Abstract 1007). 
The investigators compared the perfor-
mance of the Pima™ analyzer, a point-
of-care CD4+ count machine, with 
laboratory-based CD4+ cell testing in 
a high-volume PMTCT clinic in South 
Africa. Parallel CD4+ cell testing was 
performed on 232 consecutive HIV-in-
fected pregnant women. The median 
Pima™ CD4+ count was 350 cells/µL 
(IQR, 231-488) and for the laboratory-
based assay the median count was 
362 cells/µL (IQR, 246-522). The mean 
difference in laboratory minus Pima™ 
CD4+ count was 13.9 cells/µL (95% CI, 
5.1-22.7) and no difference was found 
in the level of agreement related to 
participant age or time of gestation. 

Acute HIV Infection in Pregnancy and 
Postpartum

Several studies have suggested an in-
creased risk of HIV transmission to 
women during pregnancy, higher rates 
of MTCT for women with primary HIV 
during the perinatal period than those 
with chronic HIV, and high rates of 
unintended pregnancies among HIV-
infected women in RLS. Marum and 
colleagues presented modeling data 
from Zambia suggesting that incident 
acute infection during pregnancy and 
lactation among women testing HIV-
seronegative early on in pregnancy 
results in more infant infections in 
Zambia than regimen failure and lack 
of coverage combined, and urged joint 
couples testing and treatment of HIV-
serodiscordant couples to advance pre-
vention of MTCT (Abstract 1001). 

Family Planning

Availability of effective contraception 
for HIV-infected women was an impor-
tant theme at the conference. Sutton 
and colleagues reported on unplanned 
pregnancies among women in care 
for HIV infection and followed up as 

part of the MMP in sites in the United 
States and Puerto Rico (Abstract 1044). 
Of 1407 women in the study, 370 
(26.3%) reported 1 or more pregnancy 
after HIV diagnosis, and 316 of these 
pregnancies (85.6%) were unplanned. 
The authors called for strengthened 
contraception awareness and access 
for women. Heffron and colleagues 
reported no association between HIV 
disease progression and hormonal 
contraceptive use in a prospective co-
hort of 2236 HIV-infected women in 
Africa (P = .03) (Abstract 21). 

Novel Immune Methods for Treating 
Women During Pregnancy

Although ART has been the mainstay of 
PMTCT during all periods of potential 
perinatal transmission, novel methods 
that incorporate vaccines or neutral-
izing antibodies may be part of future 
regimens. Session 183 was dedicated 
to research on the role of neutralizing 
antibodies during MTCT. Mabuka and 
colleagues found no evidence for an 
association between HIV neutralizing 
antibody levels in breast milk and in-
fant HIV infection in a small study of 
10 women who transmitted to their 
children during breastfeeding com-
pared with 7 women who did not (Ab-
stract 1035). Omenda and colleagues 
found that maternal neutralizing an-
tibodies correlated with infant pas-
sive antibodies but not with the risk 
of MTCT in a study of 22 transmitting 
and 51 nontransmitting mother/infant 
pairs (Abstract 1036). These early stud-
ies, among others, provide contextual 
background for the potential use of 
broadly cross-active neutralizing an-
tibodies as passive therapy to reduce 
MTCT rate. 

Breastfeeding

Although avoidance of breastfeeding 
where safe formula is attainable may 
reduce MTCT, in some RLS this benefit 
has been neutralized by higher infant 
mortality rates as the result of the ab-
sence of nutritional and immunologic 
benefits provided by breast milk.5 
Such findings have resulted in a mul-
titude of studies to identify methods 

to lower the risk of transmission dur-
ing the breastfeeding period, including 
studies aimed at understanding risks 
associated with patterns of breastfeed-
ing and weaning and options for ei-
ther maternal or infant ART to prevent 
transmission. Postnatal MTCT rates are 
comparably low across studies that 
have included maternal triple ART dur-
ing the breastfeeding period. Addition-
ally, there have been important studies 
showing that infant prophylaxis is also 
effective during the breastfeeding pe-
riod. The BAN (Breastfeeding, Antiret-
rovirals and Nutrition) Study of infant 
nevirapine or maternal triple ART in 
nursing mothers found that both ac-
tive strategies statistically significantly 
reduced transmission compared with 
no intervention. However, due to in-
adequate statistical power, it remains 
unclear which active method is more 
effective. 

Adherence and Retention in Care for 
PMTCT

The ambitious goal of a 90% reduction 
in MTCT will require careful attention 
to ART adherence and retention in 
care.

Myer and colleagues presented 
12-month outcome data on loss to fol-
low-up and mortality among pregnant 
and nonpregnant women initiating 
ART from IeDEA Southern Africa (Ab-
stract 22). The analysis included 29,653 
treatment-naive, HIV-infected women 
aged 16 years to 56 years with CD4+ 
counts below 200 cells/µL who initiated 
ART from 2002 to 2009. Of these, 1956 
were pregnant at the time of ART initia-
tion. Pregnant women were younger at 
the time of ART initiation (29 years vs 
33 years old in nonpregnant women) 
and had higher CD4+ counts (median, 
CD4+ 145 cells/µL, compared with 96 
cells/µL in non-pregnant women). Af-
ter 12 months on ART, 3% of women 
who had been pregnant at the time of 
ART initiation had died, compared with 
9% of women who were not pregnant 
at the time of ART initiation. Loss to 
follow-up was higher in those who had 
started on ART when pregnant, with 
19% of pregnant women lost to follow-
up, compared with 11% of nonpregnant 
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women lost to follow-up. The HR for 
loss to follow-up remained elevated 
even with adjustment for pregnancy, 
age, baseline CD4+ cell count, year of 
ART initiation, and participating site 
(adjusted HR, 1.7; 95% CI, 1.49-1.94). 
The authors also cited an urgent need 
for interventions to promote retention 
of women initiating ART in pregnancy 
to achieve optimal maternal and child 
health outcomes, especially in light of 
aggressive plans to scale up PMTCT 
programs. 

Rawizza and colleagues evaluated 
rates of loss to follow-up within the 
PMTCT Care Cascade in a large ART 
program in Nigeria (Abstract 1017). 
A retrospective analysis of 33 clinical 
PMTCT sites was performed between 
2004 and 2011. Among 19,303 wom-
en who entered care during the ante-
natal period, 10,078 (52%) completed 
the entire cascade of services (ante- 
natal care, delivery, and infant follow-
up). Among 22,180 women entering 
care at any point along the PMTCT 
cascade, only 2933 (13%) of their in-
fants were retained in follow-up care 
through 18 months. The greatest loss 
to follow-up occurred after delivery 
and before infant follow-up with un-
known outcomes for infants of 45% of 
mothers who had received any antena-
tal care. The authors urged strategies 
to improve retention in care, especially 
during the transition from pregnancy 
to pediatric care. 

Outcomes in Children Exposed to HIV 
but Uninfected 

Although outcomes of HIV infection in 
children have improved dramatically 
with combination ART, exposure to 
HIV or ART is also associated with tox-
ic effects, including premature birth, 
anemia, and impaired growth. Session 
34 was dedicated to recognition of the 
risks of exposure to HIV and ART in in-
fants and children (Abstracts 110-113). 
Blanche focused on the consequences 
of zidovudine exposure for PMTCT, ac-
knowledging the extraordinary effica-
cy of ART for PMTCT; he also described 
morbidity related to in utero exposure 
to ART, including premature birth and 
a spectrum of findings around the ef-

fects of zidovudine (Abstract 110). He 
presented unpublished data on the 
possible genotoxic effect of zidovu-
dine on hematopoietic stem cells from 
a comparison of the genotypic profiles 
of stem cells derived from cord blood 
of HIV-infected versus -uninfected 
mothers. There were statistically signif-
icant differences between HIV-infected 
and -uninfected subjects’ cord blood 
stem cells in upregulation and down-
regulation of various genes involved in 
cell cycle and DNA repair. There were 
higher levels of aneuploid cells in HIV-
infected mothers as well. The author 
urged ongoing efforts to identify the 
safest PMTCT approaches through ob-
servational cohorts, randomized trials, 
and new biologic tools. 

Filteau presented an update on the 
current understanding of the vulner-
abilities of HIV-exposed, -uninfected 
children (Abstract 111), acknowledging 
several health conditions seen in HIV-
uninfected children exposed to HIV or 
ART. Data have revealed high rates of 
mortality and hospitalization and poor 
growth in this group, and raised ques-
tions about possible cognitive prob-
lems and risks of chronic diseases. The 
author suggested that HIV exposure, 
maternal HIV infection and disease 
severity, ART exposure, increased in-
fections, and decreased breast feeding 
are responsible for these differences in 
risks and urged more research to miti-
gate these differences and maximize 
community interventions in support 
of vulnerable HIV-exposed but -unin-
fected children.

Warsawski and colleagues present-
ed data on infant mortality among chil-
dren not infected perinatally with HIV 
during the potent ART era (Abstract 
1032). Investigators analyzed infant 
mortality rates for uninfected infants 
born between 1997 and 2009 to HIV-
infected women in the ANRS French 
Perinatal Cohort and found higher rates 
of infant mortality in premature infants 
compared with term infants (27.0/1000 
live births vs 3.5/1000 live births;  
P < .001). Compared with the gener-
al population, premature births were 
more common among HIV-infected 
women (14.8% in the HIV-infected 
women vs 6.3% in general population). 

The authors concluded that the high 
premature birth rate was responsible 
for the higher infant mortality rate in 
children born to HIV-infected women 
and questioned whether ART could be 
playing a role. 

Cade and colleagues suggested a 
possible relationship between in utero 
exposure to ART and lower diastolic 
function and left ventricular mass in-
dex in HIV-uninfected children (Ab-
stract 1034). Investigators studied 
echocardiographic and other cardiac 
parameters in 30 HIV-uninfected chil-
dren born to HIV-infected women with 
a history of in utero ART exposure and 
compared the findings with 30 HIV-
uninfected children without exposure 
to ART or HIV. Left ventricular mass in-
dex was statistically significantly lower 
in the ART-exposed children (61 ± 9 g/
m2 vs 66 ± 12 g/m2 in the control chil-
dren; P < .04) and early diastolic annu-
lar velocity was also lower (14.9 ± 2.2 
cm/s vs 16.4 ± 2.5 cm/s, respectively; 
P < .02). The authors suggested that 
these findings could be residual effects 
of ART exposure, but maternal HIV in-
fection and in utero HIV exposure may 
also play a role. 

ART Resistance

Resistance in RLS 

Lack of HIV RNA level monitoring in 
RLS has been associated with pro-
longed initial treatment failure and 
accumulation of drug resistance mu-
tations. The WHO guidelines recom-
mend NNRTI-based ART for initial 
therapy and a PI/r-based regimen as 
second-line therapy. Hamers present-
ed patterns of HIV-1 drug resistance 
in 2 cohorts followed up at 13 sites in 
sub-Saharan Africa. The first cohort 
enrolled ART-naive patients and ob-
served them for evidence of failure 
of initial ART at 12 months and the 
second cohort included individuals 
on second-line ART (Abstract 104). 
More than 2000 ART-naive patients 
who started NNRTI-based ART were 
in care at 12 months, at which point 
90% of patients had an HIV RNA level 
of less than 400 copies/mL. Of 166 pa-
tients with HIV RNA levels above 1000  
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copies/mL whose drug resistance test 
results were available, 100 carried 1 or 
more drug resistance mutations and 
96% of detected drug resistance muta-
tions were not evident at baseline. The 
most common mutations identified in-
cluded M184V or an NNRTI resistance-
conferring mutation (such as K103N 
and Y181C). In the second cohort 
analysis, 243 patients switched em-
pirically to second-line ART, of whom 
104 were predicted to receive a fully 
active second-line regimen and 128 
were predicted to receive only a par-
tially active second-line regimen based 
on the resistance profile at the switch. 
Those who received a partially active 
regimen were more likely to have AIDS 
at switch and to have had a longer me-
dian duration of initial ART. Most sec-
ond-line regimens included lopinavir/r 
as the PI/r. However, the nRTI selection 
varied. At 12 months, 173 of 201 (86%) 
patients in care on a second-line regi-
men had an HIV RNA level of less than 
400 copies/mL. Interestingly, an ad-
justed multivariate logistic regression 
analysis model predicting virologic 
failure of second-line regimens at 12 
months did not find an association be-
tween expected activity of the second-
line regimen and virologic failure (OR, 
0.80; 95% CI, 0.33-1.91; P = .610). 

Patterns of drug resistance among 
patients on PEPFAR nRTI/NNRTI regi-
mens in Nigeria were covered in Ab-
stract 738. Ndembi and colleagues 
presented data on patients who expe-
rienced virologic treatment failures on 
an initial NNRTI-based regimen and 
received HIV-1 RNA testing in 2010. 
G and CRF02_AG were the most com-
mon subtypes. Of 219 patients with vi-
rologic failure, 21% had no evidence of 
drug resistance; 73.1% harbored nRTI 
resistance; 68.9% had an M184I/V mu-
tation; 13.2% had at least 3 thymidine 
analogue nRTI mutations; and 17% 
had K65R, 6 of whom were on teno-
fovir. NNRTI resistance was found in 
74% of samples. Of these, 36.1% were 
Y181C mutations and 31.0% were 
K103N mutations. Two or more etra-
virine-associated mutations were seen 
in 53% of patients and 2.7% of patients 
had major PI mutations.6 The authors 
recommended genotypic monitoring 

as part of routine care.
Estimated prevalence of genotypic 

drug resistance in ART-naive persons 
in sub-Saharan Africa and Southeast 
Asia was presented in Abstract 739. 
Rhee and colleagues analyzed epide-
miologic and sequence data from stud-
ies of targeted ART-naive populations 
of at least 25 people in sub-Saharan 
Africa and Southeast Asia. Drug resis-
tance mutation rates were calculated 
and compared. In 72 sub-Saharan Afri-
ca studies, the median drug resistance 
mutation prevalence was 3.3% (IQR, 
1.6-5.7). In 31 Southeast Asia studies, 
the median drug resistance mutation 
prevalence was 2.4% (IQR, 1.3-6.1). Of 
the combined Sub-Saharan Africa and 
Southeast Asia populations (represent-
ing 8793 persons from 103 studies), 15 
drug resistance mutations were identi-
fied in at least 0.1% of the population. 
These 15 mutations accounted for 67% 
of all drug resistance mutations, which 
included 8 nRTI resistance mutations 
(M41L, M184V, K219Q, D67N, T215S, 
K219N, L210W, V75M); 4 NNRTI re-
sistance mutations (K103N, Y181C, 
G190A, K101E); and 3 PI resistance 
mutations (M46L, M46I, L90M). The 
nRTI resistance mutation V75M and 
the PI resistance mutation M46I were 
more common in Southeast Asia, due 
to increased frequency in HIV subtype 
CRF01_AE. In both sub-Saharan Africa 
and Southeast Asia, the prevalence of 
NNRTI resistance mutations increased 
over time (OR, 1.003; P < .001). In sub-
Saharan Africa, but not in Southeast 
Asia, the prevalence of nRTI resistance 
mutations increased over time. 

Kiertiburanakul and colleagues pre-
sented comparisons of major HIV drug 
resistance mutations in recent and 
chronic HIV infection among Asian pa-
tients (Abstract 740). The investigators 
included ART-naive patients enrolled 
in the TREAT Asia studies from 2007 to 
2010. There were 458 patients with re-
cent infection and 1340 patients with 
chronic infection included in the analy-
sis. Patients with recent infection were 
younger (median age 23 years vs 36 
years), more likely to be men (91.9% 
vs 65.9%), and less likely to report 
heterosexual HIV exposure (13.1% vs 
72.2%) than patients with chronic in-

fection, and also had lower HIV RNA 
levels (median 4.7 log10 copies/mL vs 
5.0 log10 copies/mL) and higher CD4+ 
count (median 349 cells/µL vs 104 
cells/µL). The crude prevalence of pa-
tients with at least 1 resistance-associ-
ated mutation to any drug class in both 
cohorts was 4.6%. There was a greater 
frequency of resistance-associated mu-
tations PIs among those with recent in-
fection than among those with chronic 
infection (3.9% vs 1.0%, respectively; 
P < .001). In multivariate logistic re-
gression analyses of the chronic infec-
tion group, those with heterosexual 
contact as a risk factor for HIV were 
less likely to have resistance-associat-
ed mutations (OR, 0.34; 95% CI, 0.20-
0.59; P < .001). 

Boltz showed that the risk of viro-
logic failure associated with low-fre-
quency nevirapine-resistant variants 
of HIV in women initiating nevirapine-
containing ART varies depending on 
the history of exposure to sdNVP in 
OCTANE/ACTG 5208 (Abstract 105). 
Previously, investigators reported that 
nevirapine-resistant variants at fre-
quencies greater than 1% in prether-
apy samples were statistically signifi-
cantly associated with failure of initial 
ART with nevirapine-based, but not 
lopinavir/r-based, regimens among 
women with prior exposure to sdNVP 
in OCTANE/ACTG 5208 Trial 1. In con-
trast, OCTANE Trial 2 studied women 
without prior exposure to sdNVP and 
found no difference in primary study 
endpoints (virologic failure or death) 
with nevirapine-based ART. The au-
thors hypothesized that this was due to 
the absence of low-frequency nevirap-
ine-resistant variants in women with-
out prior sdNVP exposure. To test this 
hypothesis, pretherapy samples from 
both trials were tested for nevirapine-
resistant variants by allele-specific PCR 
(ASP) and the results were related to 
study endpoints of virologic failure 
and death. Surprisingly, nevirapine-
resistant variants were commonly de-
tected in baseline samples from the 
non-sdNVP-exposed women in Trial 
2 (38 of 211 samples, 18%). Although 
the frequency of mutation detection 
was less than in Trial 1 (51 of 114 sam-
ples, or 45%; P < .001), it was more 
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frequent than expected. Study end-
points in women without ASP-detect-
ed nevirapine resistance had similar 
study endpoint rates in both trials: 31 
of 173 (18%) in Trial 2, versus 9 of 63 
(14%) in Trial 1 (P = .56). Also surpris-
ing was that the nevirapine-resistant 
variants detected by ASP were not as-
sociated with risk of a primary study 
endpoint in Trial 2 (P = .88), whereas 
in Trial 1 they were associated with 
increased risk (P = .001). The authors 
hypothesized that this apparent para-
dox may be explained by the greater 
size of resistant virus populations after 
sdNVP exposure, which may increase 
the likelihood of additional drug resis-
tance associated mutations accumulat-
ing on the same viral genome. It could 
also secondary to the specificity of this 
assay and the threshold with which it 
designated nevirapine resistance.

Among HIV-infected infants with 
a history of nevirapine exposure fol-
lowed by subsequent treatment with 
nevirapine-containing ART, low-fre-
quency resistance mutations present 
at baseline were commonly selected 
during virologic failure according to 
Lehman and colleagues (Abstract 721). 
The authors compared rates of low-
frequency mutations by ultra-deep 
sequencing (UDS) with outcomes in 
20 nevirapine-exposed infants. UDS 
revealed 1 or more resistance-asso-
ciated mutations in 12 of 20 infants 
(60%). The risk of virologic failure was 
increased in infants with baseline mu-
tations (HR, 2.21; 95% CI, 1.41-3.48;  
P = .001). All 7 infants who experi-
enced virologic failure had resistance 
identified by population sequencing, 
and of these 7, 6 had multi-class re-
sistance. Mutations present at frequen-
cies of less than 1% did not grow out 
during virologic failure; however, 3 of 
4 mutations present at levels between 
3.8% and 50% before ART were de-
tectable at virologic failure with popu-
lation sequencing. Authors suggested 
that minority variants present prior to 
ART in infants with nevirapine expo-
sure may predict virologic failure. 

ART Resistance in Children 

Session 168 was dedicated to HIV drug 

resistance and tropism after treatment 
failure in children (Abstracts 988-991). 
Westley and colleagues explored the 
accurate detection of virologic failure 
and drug resistance in children based 
on immunologic follow-up without 
routine HIV RNA monitoring, per the 
2010 WHO guidelines (Abstract 988). 
The investigators studied drug resis-
tance patterns in children under 15 
years of age who had been on at least 
6 months of initial ART (nevirapine-
based in most cases) and compared 
rates of immunologic failure with vi-
rologic and genotypic results. Of 51 
children with evidence of virologic 
failure on initial ART, genotypic analy-
sis revealed drug resistance in 98% of 
samples. Only 1 case would have been 
accurately categorized as treatment 
failure by immunologic criteria. The 
authors advocated for availability of 
affordable and routine HIV RNA moni-
toring for HIV-infected children. 

Chohan and colleagues reported 
rates of the emergence of nevirapine 
resistance in 22 HIV-1-infected infants 
initiating nevirapine-based ART in Nai-
robi, Kenya. All 22 were less than 5 
months of age, had not been exposed 
to nevirapine, and were confirmed to 
have no preexisting nevirapine resis-
tance mutations (Abstract 989). Re-
sistance emerged in 7 infants after 12 
months of nevirapine-based ART (32%) 
and none of the infants achieved viral 
suppression. All 7 infants had a nevi-
rapine-associated mutation and an ad-
ditional M184V nRTI mutation. Based 
on these high rates of nevirapine resis-
tance, the authors urged consideration 
of PI/r-based regimens as an alterna-
tive to nevirapine. 

The InSTI class represents a prom-
ising new class of antiretroviral drugs 
under study for use in children. Nelson 
and colleagues presented an analysis 
on the presence of InSTI resistance 
mutations in InSTI-naive children (Ab-
stract 990). Primers were designed for 
reverse transcription, nested PCR, and 
population sequencing using the group 
M consensus sequence. Primers were 
validated using adult samples with 
known mutations. A total of 86 unique 
samples were sequenced from individ-
ual children enrolled in the PACTG (Pe-

diatric AIDS Clinical Trials Group) 390 
and IMPAACT (International Maternal 
Pediatric Adolescent AIDS Clinical Tri-
als) P1066. In all, 76 children had HIV 
subtype B, 6 had subtype C, and 4 had 
a circulating recombinant form of HIV-
1 (CRF02_AG). Though 3 children had 
minor resistance mutations, none of 
the children had any major InSTI re-
sistance mutations. The investigators 
concluded that baseline InSTI resis-
tance is no more likely in children than 
adults. 

New Drug Resistance Testing Assays

Jabara and colleagues presented a 
novel technique to accurately resolve 
low-abundance drug-resistant variants 
in therapy-naive individuals. Tradition-
al deep sequencing requires a large 
amount of input material and clinical 
samples typically possess a limited 
number of viral templates. PCR is a 
necessary first step to generate the 
necessary input material before deep 
sequencing, and it can introduce a 
substantial degree of bias. Examples 
of bias found in standard deep se-
quencing include increased artifactual 
diversity, disruption of true linkage, 
skewed allelic frequencies, failure to 
control for resampled sequences, and 
high rates of sequencing errors. In the 
presented technique, each individual 
complimentary DNA (cDNA) molecule 
is tagged with 2 codes: a sequence 
unique to the sample that serves as a 
barcode for the sample, and a Primer 
ID, a string of degenerate nucleotides 
unique to each cDNA molecule. The 
Primer ID then serves as a unique tag 
to track the cDNA origin of all ampli-
fied templates. Sequences originating 
from the same cDNA molecule can 
be pooled to generate a consensus se-
quence, which should remove errors 
present in the individual amplified se-
quences.7 The researchers applied this 
technique to HIV-1 protease and HCV 
nonstructural protein 3 (NS3) (Abstract 
99). In the presented technique, the 
viral RNA was tagged with the Primer 
ID during cDNA synthesis, which was 
followed by the generation of consen-
sus sequences. Examples of use of 
the Primer ID for deep sequencing of 
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the HIV-1 protease and the HCV NS3 
were presented. The technique dem-
onstrated accurate sampling and deep 
sequencing of viral populations, detec-
tion of resistance mutations with a fre-
quency of less than <0.5%, and ability 
to correct for PCR biases, sequencing 
error, and PCR resampling. 

Phylogenetic Modeling and 
Population Analysis

Several presentations in session 100 
were dedicated to phylogenetic and 
population analysis techniques. Using 
phylodynamic methods, Volz and col-
leagues performed an epidemiologic 
analysis of pol sequences that had 
previously been collected for surveil-
lance of drug resistance in southeast-
ern Michigan (Abstract 534). The au-
thors analyzed 1252 HIV-1 subtype B 
pol sequences collected for drug re-
sistance testing among MSM. The se-
quences represented 70% of infections 
diagnosed in southeastern Michigan 
between 2004 and 2010. Traditional 
data sources used in tandem with the 
genetic data included time series of all 
diagnoses from 1985 to 2010 and de-
mographic covariates for each patient. 
Phylogenetic analyses showed a high 
degree of transmission clustering with-
in age (r, 16.1%) and race (r, 38.2%) 
categories; early/acute infections were 
highly clustered within the phylogeny 
(r, 14.2%). The analysis demonstrated 
an increased incidence of infection 
among black teenaged MSM since 
2007. This increase appears to be 
driven by transmission within this de-
mographic group rather than spillover 
from older individuals. 

Predictors of Resistance 

Zheng and colleagues explored possi-
ble associations between pretreatment 
CD4+ cell count and pretreatment 
HIV-1 RNA levels and the emergence 
of drug resistance at virologic failure 
on efavirenz plus nRTIs (Abstract 705). 
The analysis included participants in 3 
ACTG trials who initiated efavirenz and 
nRTIs and had genotypic data from 
baseline and at virologic failure. Drug 
resistance was defined by new muta-

tions not present at baseline. Rates of 
drug resistance across CD4+ cell count 
strata were assessed and multivariable 
logistic regression models were used 
to adjust for baseline demographics. 
There were 196 patients included in 
the analysis and the median time to 
study-defined virologic failure was 33 
weeks. At virologic failure, 113 patients 
(58%) had new NNRTI resistance muta-
tions. No statistically significant trend 
across CD4+ cell count strata in the 
proportions with new NNRTI muta-
tions was observed (P = .43). Similar 
results were obtained adjusting for 
pre-ART HIV-1 RNA (P = .21), prior 
nonadherence (P = .45), and baseline 
demographics (P > .10). No statistically 
significant trend was observed across 
pre-ART HIV-1 RNA levels strata (P = 
.29). Analyses of nRTI resistance gave 
similar results. A multivariable model 
adjusting for baseline covariates and 
prior nonadherence showed younger 
age was associated with new NNRTI 
resistance (< 30 years vs ≥ 45 years; 
OR, 4.1; 95% CI, 1.4-12.3, P = .037). 

Transmission of Low-Frequency Drug 
Resistance 

Lipscomb and colleagues reported 
transmission of numerous low-fre-
quency drug–resistant HIV variants 
detected during acute HIV infection 
(Abstract 571). The study employed 
sensitive real-time PCR testing targeted 
to detect resistance mutations during 
acute HIV infection in an effort to un-
derstand the range of virus expression 
immediately following transmission. 
Longitudinal plasma samples were col-
lected from 13 seroconverters every 5 
to 7 days and screened for evidence of 
thymidine analogue nRTI-resistant mu-
tations M41L, K70R, and K65R. This 
screening was followed by further clon-
al analysis in samples that screened 
positive for mutations. Transmitted 
resistance mutations were found in 3 
(23%) of the people with acute infec-
tions: 1 with both K65R and K70R mu-
tations, 1 with K65R, and 1 with K70R. 
In the individual with K65R and K70R 
mutations, sequencing verified K65R 
in 16.7% of the clones 5 days prior 
to seroconversion. The K65R variant 

coexisted unlinked with 5 distinct 
thymidine analogue nRTI-resistant 
variants, clones with M184V/I, and 5 
NNRTI-resistant variants. Wild-type vi-
rus comprised 38% of the swarm. By 8 
days postseroconversion, only 1 muta-
tion was detected, at 2%. Analysis of 
env at 5 days preseroconversion in the 
dual-mutation infection revealed few 
clones with 2 or fewer polymorphisms 
relative to the consensus sequence. No 
polymorphic clone was represented 
more than once in the dual infection. 
In the individual with K65R alone, 
that mutation was detected at 10 days 
postseroconversion at 0.4% frequency. 
A separate clone from that individual 
10 days postseroconversion showed 
a low-frequency variant (1.6%) with 
4 didanosine-resistant mutations. In 
the third individual, virus carrying the 
K70R mutation at frequencies of 5% to 
40% was present only prior to serocon-
version. In this sample as in the oth-
ers, env diversity was not proportional 
to that of RT. The authors pointed out 
that during transmission the diversity 
of the RT, including variants with drug 
resistance mutations, may be more 
complex than predicted from the env 
sequencing studies to date. 

Baseline Resistance 

The impact of minor PI mutations on 
the risk for failure during initial ART 
was examined by Scherrer and col-
leagues in an analysis of the SHCS 
(Swiss HIV Cohort Study) between 
1999 and 2010 (Abstract 717). Of 926 
patients who started ART with a PI/r-
based regimen and 254 who started 
with an unboosted PI-based regimen, 
researchers compared outcomes 
among patients with 0 and 1 or more 
minor PI mutations. Times to virologic 
suppression and to virologic failure 
were similar in both groups. There was 
no single minor PI mutation that was 
statistically significantly associated 
with treatment outcome. This analysis 
was offered as evidence that the pres-
ence of minor PI mutations should not 
influence PI use. 

Baseline ART resistance among 
treatment-naive patients in Vietnam 
was analyzed by Nhung and colleagues 
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(Abstract 718). Among 140 treatment-
naive adults beginning ART with an 
NNRTI-based regimen enrolled be-
tween 2008 and 2010 and followed 
longitudinally, the baseline prevalence 
of resistance to nRTI, NNRTI, and PI 
drugs was 3.6%, 5.7%, and 0%, respec-
tively. At 12 months, 27% of patients 
experienced treatment failure. In the 
multivariable analysis, resistance mu-
tations were independently associated 
with immunologic failure (OR, 6.8; 
95% CI, 1.2-39), but no correlation 
with clinical or virologic failure out-
comes was seen. 

Among HIV-1 subtype C patients in 
South Africa in whom an initial teno-
fovir-containing regimen failed, high 
rates of the K65R mutations at the 
time of failure were reported by Sun-
path and colleagues (Abstract 719). 
Among 585 patients initiated on an 
initial tenofovir-containing regimen 
between 2010 and 2011, virologic fail-
ure occurred in 33 patients (5.6%), of 
whom 18 (54.5%) were found to have 
the K65R mutation. The authors point-
ed out that this proportion exceeds re-
ported rates of K65R mutation emer-
gence in similar analyses of subtype 
B infection, and suggested that geno-
typic resistance testing be expanded 
to better understand this phenomenon 
and shape ART selection in developing 
countries where non-B subtype HIV is 
common.

Low-Level Viremia and Virologic 
Failure 

Given the increasing availability of 
extremely sensitive viral load moni-
toring assays, clinicians and inves-
tigators have sought an understand-
ing of the significance of variations 
in low-level viremia persisting in pa-
tients on ART. Cologni and colleagues 
explored this issue (Abstract 348). 
There were 1214 patients with HIV 
RNA levels less than 50 copies/mL 
who were prospectively enrolled and 
serially monitored every 4 months 
by high-resolution PCR with a lower 
level of quantification of less than 3 
copies/mL. At baseline, HIV RNA level 
was less than 3 copies/mL in 71.5% 
of patients and between 3 copies/mL 

and 50 copies/mL in 28.5% of cases. 
Over the following 12-month period, 
43 patients (3.6%) reached confirmed 
HIV-1 plasma RNA over 50 copies/mL 
(virologic failure). The risk of ART fail-
ure during the 4-month monitoring 
period was statistically significantly 
greater for patients with an HIV RNA 
level less than 3 copies/mL at 0.4% 
compared with 3.2% for patients 
with any value of low-level viremia  
(P < .0001; OR, 7.52; 95% CI, 3.8-15.0). 
Genotypic analyses revealed that in 
13 patients (representing 30.2% of vi-
rologic failures), mutations emerged 
that were able to alter the efficacy of 
the current ART. NNRTI-based ART 
was associated with HIV RNA levels 
less than 3 copies/mL throughout the 
study period compared with such lev-
els in those receiving a PI/r or a non-
boosted PI, with 45.2%, 33.1%, and 
29.8% of the groups having HIV RNA 
levels below 3 copies/mL, respectively 
(P < .0001). 

In contrast, Charpentier and col-
leagues reported an absence of in-
creased risk for virologic failure asso-
ciated with low-level viremia (Abstract 
349). The authors compared rates of 
virologic failure in 618 patients who 
maintained HIV RNA levels less than 
20 copies/mL and 38 patients with 
at least 2 HIV RNA levels between 
20 copies/mL and 50 copies/mL. The 
proportion of patients experienc-
ing virologic failure was not statisti-
cally significantly different between 
the 2 groups (4% vs 8%, respectively;  
P = .32). There was also no difference 
in blips (isolated HIV RNA levels > 
50 copies/mL) between the 2 groups 
(0.09 vs 0.17, respectively; P = .07). 

Persistent low-level viremia be-
tween 50 copies/mL and 500 copies/
mL has been associated with virologic 
failure. However, conventional geno-
typic analysis may not be routinely 
performed until HIV RNA levels are as 
high as 1000 copies/mL. Delaugerre 
and colleagues reported on the selec-
tion of drug resistance mutations in 
patients with HIV-1 RNA levels less 
than 500 copies/mL on at least 3 oc-
casions during a period of 6 months 
or longer on the same ART (Abstract 
347). Rates of occurrence and emer-

gence of drug resistance mutations 
during periods of HIV RNA levels be-
tween 40 copies/mL and 500 copies/
mL were calculated in 37 HIV-1-in-
fected patients on ART. Overall, 11 of 
37 patients (30%) acquired at least 1 
(and up to 9) drug resistance mutation 
during the period of low-level viremia. 
New drug resistance mutations were 
detected for an nRTI in 6 patients, for 
an NNRTI in 1 patient, for a PI in 6 
patients, and for raltegravir in 2 pa-
tients. During the period of low-level 
viremia, the median number of drugs 
associated with confirmed resistance 
increased from 4.5 to 6. The authors 
concluded that periods of HIV RNA 
levels less than 500 copies/mL are as-
sociated with increased risk for accu-
mulation of new drug resistance mu-
tations and advised consideration of 
genotypic analysis at lower HIV RNA 
levels. 

Quantifying Combination ART 
Effects

Sampah and colleagues reported 
methods to quantify the antiviral ef-
fects of ART on wild-type and drug-re-
sistant HIV-1 infection (Abstract 624). 
Using a single-round infectivity assay, 
inhibition of wild-type and drug-resis-
tant HIV-1 infection in primary CD4+ 
T cells was assessed and compared 
based on single drugs and drug com-
binations. The intrinsic antiviral activ-
ity of ART drugs and drug combina-
tions at clinical concentrations was 
calculated relative to an identified tar-
get level of viral inhibition associated 
with treatment success. Previously 
unappreciated complex nonlinear 
pharmacodynamics were observed 
for most antiretroviral drugs. For ex-
ample, combinations of InSTIs with 
drugs from all other classes showed 
a multiplicative effect on viral inhibi-
tion, and ART agents binding to the 
same site showed an additive effect, 
with the notable exception of PIs. The 
analysis provided a framework for un-
derstanding synergistic and antago-
nistic interactions between ART com-
binations, revealed novel regimens 
with high activity, and allowed for 
predictions of which regimens retain 
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residual antiretroviral activity against 
resistant virus strains. 

Nucleic Acid and Drug Resistance 
Testing (NAT+DR)

In an effort to develop lower cost HIV 
RNA and drug resistance testing in 
RLS, Tilghman and colleagues tested a 
combined screening method based on 
qualitative nucleic acid testing (NAT) 
followed by sequencing of RT to detect 
drug resistance (NAT+DR) (Abstract 
683). Plasma was collected from par-
ticipants receiving at least 6 months 
of ART in the San Diego primary infec-
tion cohort. HIV RNA extraction and 
reverse transcription were performed 
on pools of 5 samples each, followed 
by PCR amplification of a conserved 
region of HIV-1 RT and sequencing of 
this region to detect drug resistance-
associated mutations. Of the 325 pa-
tient samples analyzed, 50 (15%) had 
HIV RNA levels of at least 50 copies/
mL (median 181 copies/mL, range 50 
copies/mL to 10,500 copies/mL), and 
4 (1%) had virologic failure (defined 
as HIV RNA level ≥ 1,000 copies/mL). 
Of the 65 mini-pools tested, 3 yielded 
product after 1 PCR round, and 19 
yielded product after both rounds. The 
NAT+DR assay was 100% sensitive in 
the detection of individual samples 
with HIV RNA levels of at least 1000 
copies/mL, using 1 or 2 PCR rounds. 
Sequences were successfully generated 
from PCR product of all pools testing 
positive for the presence of HIV, 36% 
of which harbored at least 1 important 
drug resistance mutation. Based on as-
say costs, the NAT+DR method would 
have saved $34,310 over standard HIV 
RNA level testing and genotyping of 
samples with virologic failure.

CCR5 Coreceptor Antagonists and 
Resistance 

Optimizing detection of entry inhibi-
tor resistance is an important area of 
study that was covered in CROI ses-
sion 123. McLaughlin and colleagues 
shared data on a novel codon-specific 
PCR-based (CS-PCR) assay to detect 
HIV-1 subtype B variants using CXC 
chemokine receptor 4 (CXCR4) (Ab-

stract 712). Relatively inexpensive, the 
CS-PCR detects codons in HIV env V3 
that contribute to the CXCR4 pheno-
type. Optimization was achieved us-
ing 77 first-round env samples with 
accompanying population sequences 
and previously generated pyrose-
quencing data. In 22 of 77 samples, 
CXCR4 populations were present at 
2% or more of the viral population, and 
at less than 2% in 23 of 77 samples. No 
CXCR4 was detected in the remaining 
32 samples. CS-PCR detected a prima-
ry CXCR4 codon in 20 of 22 samples 
with 2% or more CXCR4 for a sensi-
tivity of 91.7%, and 4 of 23 low-level 
(2% or less) CXCR4 populations. The 
authors offered CS-PCR as a sensitive 
and economical future alternative to 
more costly and technically demand-
ing pyrosequencing. 

The use of UDS applied to entry in-
hibitors continues to be an important 
area of investigation. Hedskog and 
colleagues evaluated the longitudinal 
determination of coreceptor usage by 
using ultra-deep pyrosequencing to 
examine the V3 loop of the viral en-
velope to determine the presence of 
CXCR4 virus as minority variants dur-
ing primary HIV infection (Abstract 
572). Three patients who experienced 
a coreceptor switch from CCR5 to 
CXCR4 were analyzed longitudini-
nally from primary infection until af-
ter the switch. Each sample produced 
480 to 20,893 reads. In 1 individual, 
low-abundant CXCR4-using viruses 
were found during primary infection. 
However, phylogenetic analysis sug-
gested that these viruses were geneti-
cally similar to the CXCR4 population 
detected after coreceptor switch. The 
investigators offered this as evidence 
that CXCR4 populations develop from 
the CCR5 population of each patient 
during the course of infection. 

NNRTI Resistance

Several abstracts explored issues of 
resistance to NNRTIs. Rimsky and col-
leagues reported on a week-96 resis-
tance analysis of pooled rilpivirine and 
efavirenz phase III trials in treatment-
naive HIV-infected adults (Abstract 
708). Rilpivirine-based and efavirenz-

based regimens each resulted in 78% 
response rate at 96 weeks. The week-
96 analysis revealed virologic failures 
in 14% (96 of 686) of rilpivirine and 
8% (52 of 682) of efavirenz regimens. 
Beyond week 48, increases in virologic 
failures were similar in both rilpivirine 
and efavirenz groups. Mutations asso-
ciated with nRTI resistance emerged 
more frequently in rilpivirine than in 
efavirenz virologic failures in the week-
96 analysis (56% vs 26%). The most 
frequently emerging NNRTI and nRTI 
resistance-associated mutations were 
E138K and M184I, respectively, in ril-
pivirine virologic failures, and K103N 
and M184V, respectively, in efavirenz 
virologic failures. E138K and M184I 
was the most frequent combination 
of resistance-associated mutations 
among rilpivirine virologic failures 
(22%). Among patients with baseline 
HIV RNA level of 100,000 copies/mL or 
below (low baseline viral load), there 
were 8% (28 of 368) rilpivirine virolog-
ic failures versus 6% efavirenz virologic 
failures, although a higher proportion 
of virologic failure in the rilpivirine 
(21%) than in the efavirenz group (9%) 
was observed in patients with baseline 
viral load greater than 100,000 copies/
mL (high baseline viral load). In both 
treatment groups, the proportion of 
virologic failures with emergent resis-
tance-associated mutations was lower 
among patients with low rather than 
high baseline viral load. Of 81 rilpiv-
irine virologic failures, 35 showed resis-
tance to rilpivirine by phenotyping at 
virologic failure. Of these 35 virologic 
failures, 16 (46%) were cross-resistant 
to nevirapine, 30 (86%) to efavirenz, 
and 32 (91%) to etravirine. Phenotypic 
resistance and NNRTI cross-resistance 
were less frequent in patients with low 
baseline HIV RNA levels than those 
with high baseline HIV RNA levels. 

Hu and colleagues presented data 
on the effect of RT mutations E138K 
and M184I/V on rilpivirine susceptibil-
ity and viral fitness of HIV-1 (Abstract 
706). Mutations at RT codons 138 and 
184 were introduced by site-directed 
mutagenesis of cloned wild-type NL4-
3 RT. Infectious recombinant viruses 
were generated. Viral infectivity and 
fitness profile, as well as susceptibility  
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to rilpivirine and replication capac-
ity, were determined. The E138K and 
E138K/M184V mutations conferred 
a 2.2-fold increase in 50% inhibitory 
concentration (IC50) for rilpivirine com-
pared with wild-type mutations, and 
the E138K/M184I mutation conferred 
a 4.9-fold increase. The relative infec-
tivity and fitness profiles of the mu-
tants compared with wild-type virus 
over a range of drug concentrations 
showed that the E138K/M184I mutant 
had a replicative advantage over the 
E138K/M184V mutant at higher rilpi-
virine concentrations tested (0.0625 
nM to 1 nM). The E138K/M184I mu-
tant had similar advantage over the 
E138K/M184V mutant over the range 
of drug concentrations tested (0.0039 
nM to 0.25 nM for rilpivirine; 0.39 µM 
to 25 µM for lamivudine). The authors 
concluded that the higher level of re-
sistance and greater relative replica-
tion of the E138K/M184I mutant than 
of the E138K/M184V mutant likely 
explained the frequent association of 
E138K with M184I in HIV-1 strains de-
rived from patients with virologic fail-
ure in clinical trials of rilpivirine. 

Anta and colleagues assessed the 
presence of the rilpivirine resistance 
mutations E138K and M184I in HIV-
1-infected patients in whom NNRTI 
regimens failed in the ResRIS (Spanish 
AIDS Research Network national drug-
resistance database) (Abstract 710). 
Investigators analyzed 8200 RT geno-
types from 5873 different HIV-infect-
ed patients, of which 1064 belonged 
to patients in whom NNRTI therapy 
had failed. Codon 138 mutants were 
found to be very rare. However, almost 
20% of patients on failing NNRTI regi-
mens would be considered rilpivirine 
resistant, as a result of other muta-
tions (V90I, V108I, E138K, V179I, and 
Y181C) that are more often selected 
when failing nevirapine or etravirine 
rather than efavirenz, therefore limit-
ing the sequential use of these drugs. 

Similarly, Sungkanuparph and col-
leagues reported on a study to assess 
primary HIV-1 drug resistance-associat-
ed mutations to efaviranez, etravirine, 
nevirapine, and rilpivirine among ART-
naive HIV-1-infected patients in Thai-
land from 2007 to 2010 (Abstract 709). 

HIV-1 subtypes and mutations were as-
sayed by sequencing a region of HIV-
1 pol gene. The 466 patients included 
in the analysis had HIV-1 subtypes 
CRF01_AE (86.9%), B (8.6%), and other 
recombinants (4.5%). The prevalence 
of patients with efavirenz, etravirine, 
nevirapine, and rilpivirine resistance 
were 3.2%, 1.3%, 3.2%, and 1.5%, re-
spectively. All patients who had etra-
virine resistance and all patients with 
rilpivirine resistance (except for 1 pa-
tient with E138G) also had efavirenz 
and nevirapine resistance. The most 
common NNRTI resistance-associated 
mutations observed, in descending or-
der of frequency, were V179D, V106I, 
Y181C, K103N, and V108I. The au-
thors commented that after a decade 
of ART scale-up in Thailand, there 
is substantial primary resistance to 
NNRTIs, which extends to second- as 
well as first-generation NNRTIs. The 
authors urged interventions to pre-
vent the transmission of HIV drug re-
sistance and continue surveillance for 
primary HIV drug resistance.

Integrase Resistance

Several presentations were dedicated 
to resistance in the InSTI class. Lin and 
colleagues explored differences in ki-
netics and magnesium dependency 
of binding of first-, second- and third-
generation HIV InSTIs to wild-type ver-
sus raltegravir-resistant G140S/Q148H 
HIV (Abstract 690). Equilibrium bind-
ing and kinetic studies were consistent 
with a previously proposed 2-step bind-
ing model, with equilibrium largely 
controlled by magnesium-dependent 
steps and final equilibrium controlled 
by conformational changes around the 
terminal deoxyribose/adenine. The 
relative participation of each binding 
step to total binding was found to be 
altered with binding of third-genera-
tion InSTIs to the raltegravir-resistant 
mutant, offering insight into inhibitors 
that remain potent against raltegravir 
resistant HIV. 

Understanding barriers to resis-
tance among second-generation In-
STIs was the focus of several studies. 
Winters and colleagues reported on 
the development of InSTI resistance 

mutations in patients on elvitegravir-
containing failing regimens (Abstract 
701). RNA was isolated at 52 time-
points from 10 HIV-infected patients 
with suboptimal virologic response en-
rolled in the phase II study exploring 
the use of elvitegravir/r in the absence 
of PIs in heavily treatment-experienced 
patients. Plasma samples were taken at 
baseline and sequentially during treat-
ment (from week 2 until week 48). 
Genotypic analysis was performed. 
Primary InSTI drug resistance muta-
tions in clones were determined us-
ing the Stanford HIV Drug Resistance 
Database. Although all patients had PI, 
nRTI and NNRTI resistance–associated 
mutations at baseline, no baseline In-
STI mutations were detected. During 
elvitegravir treatment, patients devel-
oped primary InSTI resistance–associ-
ated mutations as early as 2 weeks after 
initiation of treatment. Two to 6 strains 
of different primary InSTI resistance–
associated mutations appeared during 
early treatment failure, predominantly 
as single mutations. The prevalence of 
these strains fluctuated over time. New 
strains, or strains with new combina-
tions of InSTI resistance–associated 
mutations, developed over time. Final 
virologic failure timepoints (weeks 14 
to 48) typically showed a dominant 
strain that did not possess InSTI resis-
tance–associated mutations found in 
the early time points and had multiple 
mutations or a single N155H mutation. 
The authors suggested that in patients 
with multiclass drug resistance, elvite-
gravir treatment can select for a num-
ber of distinct InSTI-resistant strains 
and this can be a highly dynamic pro-
cess. Early identification of treatment 
failure may restrict the emergence of 
strains highly resistant to elvitegravir.

Oliveira and colleagues explored 
novel mutational changes involved in 
delayed emergence of resistance to 
the investigational drug dolutegravir in 
HIV-1 B and non-B subtypes during in 
vitro selection (Abstract 692). Findings 
included supportive evidence that do-
lutegravir possesses a high genetic bar-
rier to resistance and that HIV subtype 
may play a role in the mutant selection 
process. 

Raltegravir was the first InSTI  
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approved by the FDA to treat HIV-1. 
Although recent research suggests ef-
ficacy against HIV-2 as well, HIV-2 sus-
ceptibility data are limited. Smith and 
colleagues reported on the phenotypic 
susceptibility to raltegravir and genetic 
pathways to InSTI resistance in HIV-
2 (Abstract 700). Using site-directed 
mutagenesis of an HIV-2 molecular 
clone, 11 HIV-2 integrase mutants 
were constructed. Replication capacity 
and raltegravir susceptibility of the re-
sultant variants were assessed. Ralte-
gravir had comparable activity against 
wild-type HIV-1 and HIV-2. Varying 
degrees of resistance were appreci-
ated with various known mutations. 
Amino acid changes Q148K, Q148R, 
N155H, and T97A+N155H individu-
ally conferred moderate resistance to 
raltegravir, whereas the combination 
of replacements G140S+Q148R and 
Q148R+N155H imparted high-level 
raltregravir resistance (> 100-fold). 
In contrast, mutations T97A, G140S, 
Y143C, Q148H, and T97A+Y143C 
had no substantial effect on raltegravir 
sensitivity in HIV-2 (≤ 3-fold increase 
in median effective concentration 
[EC50]). 

With regard to replication capac-
ity, mutations Y143C, T97A+Y143C, 
Q148H/K/R, and Q148R+N155H 
showed statistically significant de-
clines in infectious titers, and G140S 
partially restored the replication de-
fect imposed by the Q148R substitu-
tion. Authors concluded that clinical 
studies of raltegravir for treating HIV-
2 infection are indicated. Kobayashi 
and colleagues studied the in vitro an-
tiviral activity of dolutegravir against 
raltegravir-resistant HIV-2 mutants 
(Abstract 691). Dolutegravir showed 
limited cross-resistance to raltegravir-
resistant HIV-2 and substantial loss 
of activity was not appreciated in the 
presence of single or even combina-
tions of mutations. The authors sug-
gested that dolutegravir might be use-
ful for the treatment of raltegravir- and 
elvitegravir-resistant HIV-2 infection. 

PIs and Resistance

In an effort to further understand HIV-
2 susceptibility to PIs, Raugi and col-
leagues examined the effects of single 
amino acid changes in protease on the 
susceptibility of HIV-2 to 3 PIs: daruna-
vir, saquinavir, and lopinavir (Abstract 
697). Using site-directed mutagenesis, 
8 protease mutants (V10I, I32V, V47A, 
I54M, I82F, I84V, L90M, and L99F) 
were constructed and single-cycle as-
says were used to quantify the sensi-
tivity of wild-type and mutant HIV-2 
strains to each PI in culture. Relative to 
the wild-type strain, the I54M variant 
of HIV-2 protease showed moderate 
resistance to darunavir, whereas the 
L90M mutant was resistant to saquina-
vir, and the V47A mutant was resistant 
to lopinavir. Interestingly, 3 amino acid 
substitutions tested increased the sen-
sitivity of HIV-2, including the V47A 
(saquinavir), I32V (darunavir), and 
I82F (both saquinavir and darunavir).

This year’s CROI offered many in-
sights into recent advances in anti-
retroviral therapy. Promising phase I 
studies of a tenofovir prodrug which 
may have increased virologic effica-
cy with decreased systemic toxicity 
and infusions of zinc-finger nuclease-
modified, CCR5-disrupted autologous 
T cells, were paired with phase III tri-
als of a new once-daily combination 
of elvitegravir/cobicistat/tenofovir/
emtricitabine and dolutegravir, an in-
vestigational InSTI. Data regarding 
mortality on long-term ART empha-
sized the near-normal lifespan avail-
able to individuals initiating ART at 
CD4+ counts over 500 cells/µL, while 
highlighting the persistent challenge 
of early diagnosis and treatment so 
that people can realize these benefits. 
Evidence continued to mount regard-
ing the appropriate use and clinical 
relevance of low-frequency resistance 
mutations. Finally, data from RLS re-
vealed advances in treatment scale-up 
and improvements in median CD4+ 
cell count at ART initiation, although 

gaps in linkage to care and adherence 
fatigue remain to be addressed.
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ing Antibodies, Antigens, and Nucleic Acids. Maile 
Karris, C Anderson, S Morris, D Smith, and S Little.
563. Effects of Hormonal Contraceptive Use on 
HIV Acquisition in Women and Transmission to 
Men among HIV-discordant Couples, Rakai, Ugan-
da. Tom Lutalo, R Musoke, C Polis, D Serwadda, F 
Makumbi, F Nalugoda, JB Bwanika, J Sekasanvu, M 
Wawer, and R Gray.
566. Increasing Trend in African-American, MSM 
and Younger Age among Acutely Infected Persons 
Detected through the North Carolina Acute HIV Pro-
gram. JoAnn Kuruc, A Cope, S Zadrozny, L Samp-
son, J Barnhart, M Brinson, E Foust, J Eron, C Gay, 
and P Leone.
571. Evidence of Transmitted Multiple Low-fre-
quency Drug-resistant HIV Detected during Acute 
Infection. J Lipscomb, M Owen, and Jeffrey John-
son.
572. Longitudinal Determination of Co-receptor 
Usage Using Ultra-deep Pyrosequencing. Charlotte 
Hedskog, J Jernberg, J Albert, and M Mild.
576. A Potent Cyclic Peptide Inhibitor of HIV-1 Pre-
integration Complex Formation: A New HIV Drug 
Candidate. E Gros, M Fourar, M Wainberg, P Halfon, 
and Gilles Divita.
582. Preclinical Development of Sustained Release 
Combination Nanoformulated ART. Howard Gen-
delman, Y Alnouti, P Dash, U Roy, S Swindells, S 
Gorantla, S Balkundi, G Kanmogne, J McMillan, and 
L Poluektova.
603. Kidney Tubular Dysfunction Is Related to Te-
nofovir Plasma Concentration. M Ezinga, J Wetzels, 
A Van der Ven, and David Burger.
608. Pharmacokinetics of Dolutegravir in Subjects 
with Moderate Hepatic Impairment. I Song, J Bor-
land, P Savina, S Chen, P Patel, T Wajima, A Pep-
percorn, and Stephen Piscitelli.
609. Multiple-dose Pharmacokinetics of Raltegravir 
in Patients Co-infected with HIV/HCV with and with-
out Advanced (Child-Pugh grade C) Hepatic Cirrho-
sis. Beatriz Hernandez-Novoa, A Moreno, M Perez-
Elias, C Quereda, F Dronda, J Casado, N Madrid, M 
Aguilar, J Molto, and S Moreno.
610. Co-administration of Orally Inhaled Beclo-
methasone Dipropionate and HIV Protease Inhibi-
tor Does Not Significantly Alter Adrenal Function in 

Healthy Volunteers. Sarita Boyd, S Penzak, L Nie-
man, A Pau, J Kovacs, C Chairez, M McManus, and 
C Hadigan.
611. Darunavir/ritonavir Does Not Significantly 
Increase Plasma Concentrations of Orally Inhaled 
Beclomethasone in Healthy Volunteers. Sarita Boyd, 
C Hadigan, A Pau, J Kovacs, R Alfaro, C Chairez, M 
McManus, M Calderon, and S Penzak.
613. The Interaction between Lopinavir/ritonavir 
and Artemether-Lumefantrine in HIV+ Patients. T 
Kredo, K Mauff, JS van der Walt, K Cohen, L Wi-
esner, P Smith, Gary Maartens, and K Barnes.
614. Significant Pharmacokinetic Interaction be-
tween Nevirapine and Artemether-Lumefantrine in 
HIV+ Adults: Uganda. Pauline Byakika-Kibwika, M 
Lamorde, H Mayanja-Kizza, E Katabira, S Khoo, D 
Back, N Lindegardh, J Tarning, P de Vries, and C 
Merry.
618. Assessment of HIV ARV Drug Interactions 
with the HCV NS5A Replication Complex Inhibitor 
BMS-790052 Demonstrates a Pharmacokinetic Pro-
file which Supports Co-administration with Tenofo-
vir Disoproxil Fumarate, Efavirenz, and Atazanavir/
ritonavir. Marc Bifano, C Hwang, B Oosterhuis, J 
Hartstra, R Tiessen, M Velinova-Donga, H Kandous-
si, H Sevinsky, and R Bertz.
624. Quantifying Combination ARV Drug Effects 
in Wild Type and Resistant HIV-1 Infection. Maame 
Sampah, B Jilek, and R Siliciano.
627. Week 48 Results of an Ongoing Global Phase 
3 Study Comparing Elvitegravir/Cobicistat/Emtric-
itabine/Tenofovir (Quad) with Atazanavir/ritonavir 
plus Emtricitabine/Tenofovir in Treatment-naïve 
HIV-1+ Subjects Showing Efficacy, Safety, and 
Pharmacokinetics. Edwin DeJesus, J Rockstroh, K 
Henry, J-M Molina, J Gathe, S Ramanathan, X Wei, J 
Szwarcberg, A Jandourek, and A Cheng.
628. Comparison of Directly Administered ART vs 
Self-administered ART in HIV+ Subjects Attending 
Opioid Treatment Programs: A Randomized Clinical 
Trial. Gregory Lucas, B Mullen, N Galai, K Oursler, R 
Moore, and K Cook.
629. MAPS to Improve HIV Treatment Adherence 
and Virologic Outcomes: A Randomized Controlled 
Trial. Robert Gross, S Bellamy, J Chapman, X Han, J 
O’Duor, S Palmer, J Coyne, and B Strom.
634. CD4 Cell Response and Virologic Failure: 
A Risk Chart. Matthias Egger, O Keiser, J Zhou, R 
Wood, D Garone, J Elliott, M Fox, H Prozesky, A 
Boulle, and T Gsponer.
635. Nevirapine vs Efavirenz in First-line ART Con-
taining Tenofovir Disoproxil Fumarate: Southern Af-
rica. Gilles Wandeler, C Moyo, J Ehmer, D Ripin, M-A 
Davies, A Levin, B Chi, A Boulle, M Egger, O Keiser, 
and the IeDEA Southern Africa Collaboration.
636. Higher Initial and Persistent Rate of Virologic 
Failure with Tenofovir/Emtricitabine/Nevirapine 
Therapy in a Nigerian Cohort. Kimberly Scarsi, K 
Darin, G Eisen, S Meloni, H Rawizza, P Okonkwo, 
R Murphy, P Kanki, and Harvard/APIN ART Work-
ing Group
638. Mortality in Patients with Well-controlled 
HIV and High CD4 Counts in the cART Arms of 
the SMART and ESPRIT Randomized Clinical Trials 
Compared to the General Population. Alison Rodger, 
R Lodwick, M Schechter, S Deeks, J Amin, R Gilson, 
R Paredes, E Bakowska, F Engsig, A Phillips, for the 
INSIGHT ESPRIT & SMART Study Groups.
640. Distribution of Age at Death and Effects of Im-
munosuppression and ART Duration Vary according 
to Cause of Death in HIV-1+ People. Suzanne Ingle, 
J Gill, M Mugavero, C Lewden, S Abgrall, G Fätken-
heuer, P Reiss, M May, J Sterne, M Saag, and The An-
tiretroviral Therapy Cohort Collaboration (ART-CC).
642. Virologic and Clinical Outcomes After Transi-
tioning from Study- to Locally Provided Care and 
Treatment in Africa: Extended Post-trial Follow Up 

in the ACTG A5208 (OCTANE) Study. Fred Sawe and 
A5208/OCTANE Team.
650. Change over Time in CD4+ Count and Dis-
ease Stage at Entry into Care and ART Initiation: 
9 Countries in Sub-Saharan Africa. M Lahuerta, S 
Hoffman, B Elul, Y Wu, S Gorrell Kulkarni, R Re-
mien, H Nuwagaba-Biribonwoha, J Lima, W El-Sadr, 
Denis Nash, and the LSTART Team and the Identify-
ing Optimal Models of HIV Care Collaboration.
690. Differences in the Kinetics and Mg Dependen-
cy of Binding of First, Second, and Third Genera-
tion HIV InSTI to Wild Type vs Raltegravir-resistant 
G140S/Q148H IN. Z Lin, D Langley, B Terry, T Prot-
ack, M Walker, N Narasimhulu, M Patel, N Mean-
well, M Krystal, and Ira Dicker.
691. Antiviral Activity in vitro of the INI, Dolute-
gravir, against Raltegravir-resistant HIV-2 Mutants. 
Masanori Kobayashi, T Seki, T Yoshinaga, A Sato, T 
Fujiwara, M Underwood, and B Johns.
692. Novel Mutational Changes Involved in De-
layed Development of Dolutegravir Resistance in 
HIV-1 B and non-B Subtypes during in vitro Drug 
Selection. Maureen Oliveira, D Moisi, R-I Ibanescu, 
B Spira, B Brenner, T Fujiwara, M Underwood, and 
M Wainberg.
697. Protease Inhibitor Resistance and Hypersus-
ceptibility Phenotypes Conferred by Single Amino 
Acid Changes in HIV-2 Protease. Dana Raugi, R 
Smith, C Pan, M Coyne, M Kim, J Mullins, S Hawes, 
N Kiviat, PS Sow, G Gottlieb, and the Univ of Wash-
ington-Dakar HIV-2 Study Group.
700. Phenotypic Susceptibility to Raltegravir and 
Genetic Pathways to INI Resistance in HIV-2. Robert 
Smith, D Raugi, C Pan, N Kiviat, S Hawes, J Mullins, 
PS Sow, G Gottlieb, and the Univ of Washington-
Dakar HIV-2 Study Group.
701. Evolution of IN Inhibitor Resistance Mutations 
in Patients Failing Elvitegravir-containing Regimens. 
M Winters, R Lloyd Jr, M Miller, and Mark Holodniy.
705. Neither Pre-treatment CD4+ Cell Count nor 
HIV-1 RNA Is Associated with Emergence of Drug 
Resistance at Virologic Failure on Efavirenz + NRTI: 
Randomized ACTG Studies. Lu Zheng, J Mellors, R 
Gulick, S Riddler, R Haubrich, and M Hughes.
706. Effect of Reverse Transcriptase Mutations 
E138K and M184I/V on RPV Susceptibility and Viral 
Fitness of HIV-1. Zixin Hu and D Kuritzkes.
708. Week-96 Resistance Analysis of the Rilpivirine 
Phase 3 Trials in Treatment-naïve HIV+ Adults. Lau-
rence Rimsky, V Van Eygen, J Vingerhoets, A Hoog-
stoel, M Stevens, K Boven, and G Picchio.
709. Resistance-associated Mutations to Efavi-
ranez, Etravirine, Nevirapine, and Rilpivirine among 
ARV-naïve HIV-1+ Patients: Thailand. Somnuek 
Sungkanuparph, S Kiertiburanakul, E Pasomsub, 
and W Chantratita.
710. Rilpivirine Resistance Mutations in HIV-1+ 
Patients Failing NNRTI Therapy: Drug-resistance 
Database, the Spanish AIDS Research Network. 
Lourdes Anta, J Llibre, E Poveda, JL Blanco, F García, 
M Perez-Elias, A Aguilera, E Caballero, V Soriano, 
C de Mendoza, and the Resistance Platform of the 
Spanish AIDS Res Network.
712. Optimization of a Novel Codon-specific PCR-
based Assay to Detect CXCR4-utilizing HIV-1 Sub-
type B Variants. Sherry McLaughlin, P Hughes, S Hu, 
L Swenson, R Coombs, R Harrigan, and L Frenkel.
713. Deep V3 Sequencing Indicates Ongoing 
CXCR4 Evolution in the Period following a Pheno-
typic Tropism Change. Luke Swenson, R Harrigan, 
W Dong, E Bunnik, H Schuitemaker, and A van ’t 
Wout.
717. Minor Protease Inhibitor Mutations Do Not In-
crease the Risk for Virological Failures during First-
line ART. Alexandra Scherrer, B Ledergerber, V von 
Wyl, J Böni, S Yerly, T Klimkait, C Cellerai, H Furrer, 
P Vernazza, H Günthard, and the Swiss HIV Cohort 
Study.
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718. HIV Drug-resistance Mutations Associated 
with Treatment Failure in Treatment-naïve Adults: 
Vietnam. Vo Thi Tuyet Nhung, VM Quang, VX Huy, 
NV Chau, NH Chi, and NT Chinh.
719. High Rate of K65R for ART-naïve Patients with 
Subtype C HIV Infection Failing a Tenofovir-contain-
ing First-line Regimen: South Africa. Henry Sunpath, 
J Hampton, M Gordon, R Maharaj, Y Moosa, B Wu, 
B Johnson, C Ordonez, D Kuritzkes, and V Marconi.
721. A Subset of Low-frequency Resistance Muta-
tions Present at Baseline Are Selected for during 
Viral Failure. Dara Lehman, D Wamalwa, B Chohan, 
C McCoy, F Matsen, A Langat, S Benki-Nugent, G 
John-Stewart, and J Overbaugh.
726. Evolution of the K65R, K103N, and M184V/I 
Reverse Transcriptase Mutations Prevalence in HIV-
1+ Patients Experiencing Virologic Failure: 2005 to 
2010. C Charpentier, S Lambert-Niclot, L Larrouy, A 
Storto, R Landman, D Tonelli, C Aubron-Olivier, V 
Calvez, A-G Marcelin, and Diane Descamps.
729. Surveillance of Drug Resistance and Phylo-
dynamic Network Analysis of Newly Infected HIV/
AIDS Patients: Japan, 2003 to 2010. Junko Hattori, 
T Shiino, H Gatanaga, S Yoshida, M Kondo, K Sad-
amasu, T Shirasaka, H Mori, R Minami, W Sugiura, 
and the Japanese Drug Resistance HIV-1 Surveil-
lance Network.
730. Prevalence and Trends of Transmitted Drug 
Resistance-associated Mutations by Duration of In-
fection among Persons Newly Diagnosed with HIV-
1 Infection: 5 States and 3 Municipalities, US, 2006 
to 2009. Cheryl Banez Ocfemia, D Kim, R Ziebell, 
J Prejean, N Saduvala, D Pieniazek, W Heneine, R 
Kline, I Hall, and the Variant, Atypical, and Resistant 
HIV Surveillance Group.
731. Spread of Sub-epidemics Resistant to Non-nu-
cleoside Analogues among Treatment-naïve MSM: 
Montreal. Bluma Brenner, H Charest, M Roger, M 
Oliveira, D Moisi, J-G Baril, B Spira, and M Wain-
berg.
732. Has a Limit to the Decline in Transmitted Drug 
Resistance Been Reached? Evidence from a Large 
Surveillance Study of UK-acquired Infections. David 
Dolling, C Sabin, V Delpech, E Smit, A Pozniak, I 
Williams, AM Geretti, N Mackie, D Pillay, D Dunn, 
and UK Collaborative Group on HIV Drug Resistance 
and the UK Collaborative HIV Cohort Study.
733. Stable Prevalence of Transmitted Drug Re-
sistance Mutations in ARV-naïve Chronically HIV+ 
Patients: France, 2006/07 to 2010/11. Diane Des-
camps, L Assoumou, C Charpentier, S Pakianather, 
A Chaillon, A de Rougemont, B Masquelier, V 
Calvez, F Brun-Vezinet, D Costagliola, and ANRS 
AC-11 Resistance Study Group.
734. Substantial Decrease of Class Resistance: 
START Study, 2003 to 2010. Marco Franzetti, M Vio-
lin, A Antinori, A De Luca, F Ceccherini-Silberstein, 
N Gianotti, C Torti, S Bonora, M Zazzi, C Balotta, and 
START Study.
735. 15-Year Prevalence Data of Transmitted Drug 
Resistance Shows a Positive Association with Mean 
Population Viral Load of Treatment-failing Patients 
from the Previous Year. W-L Yang, Alexandra Scher-
rer, S Yerly, J Böni, T Klimkait, C Cellerai, H Gün-
thard, and the Swiss HIV Cohort Study.
738. Pattern of Drug-resistant Mutations among Pa-
tients on PEPFAR NRTI–NNRTI Regimens: Nigeria. 
Nicaise Ndembi, R Enzama, S Peters, C Akolo, MA 
Etiebet, M Gabou, D Pillay, P Dakum, W Blattner, 
and A Abimiku.
739. Surveillance Drug-resistance Mutation Preva-
lence in Untreated Populations; Regional Differenc-
es and Temporal Trends: Sub-Saharan Africa and 
Southeast Asia. Soo-Yon Rhee, JL Blanco, T Liu, V 
Varghese, M Tang, and R Shafer.
740. Comparisons of Primary HIV Drug Resis-
tance Mutations between Recent and Chronic HIV 
Infection among Asian Patients. Sasisopin Kier-

tiburanakul, R Chaiwarith, S Sirivichayakul, R Di-
tangco, A Jiamsakul, P Li, P Kantipong, C Lee, W 
Ratanasuwan, S Sungkanuparph, on behalf of the 
TREAT Asia Studies to Evaluate Resistance (TASER).
751. HIV/HCV Co-infection: Untreated Epidemics. 
Khaled Deeb, C Senk, M Kolber, and D Jayaweera.
752. Prior HCV Infection Does Not Protect from 
Sexually Transmitted HCV Reinfection in HIV+ 
MSM. Patrick Ingiliz, I Krznaric, C Hoffmann, M 
Obermeier, G Knecht, T Lutz, C Boesecke, J Rock-
stroh, H-J Stellbrink, and A Baumgarten.
754. Early On-treatment Responses to Telapravir 
Do Not Differ between HIV/HCV Co-infected and 
HCV Mono-infected Patients. Valerie Martel-Laferri-
ere, K Bichoupan, A Pappas, E Schonfeld, A Stivala, 
M-L Vachon, M Ng, M Standen, D Dieterich, and A 
Branch.
761. Baseline Prediction of Response to Pegylated 
Interferon + Ribavirin in Chronic HCV Using the 
Prometheus Score. Jose Medrano, V deLedinghen, 
J Pineda, S Resino, E Vispo, JL Taupin, F diLello, I 
Pellegrin, P Barreiro, and V Soriano.
764. Predictive Model for the Response to HCV 
Treatment in HIV-co-infected Patients Based on 
LDLR and IL28B Genotypes. Karin Neukam, S Ro-
dríguez-Novoa, A Rivero-Juarez, A Caruz, F Di Le-
llo, N Rallón, C Almeida, A Rivero, V Soriano, and 
J Pineda.
765. IL28B and the LDLr Have a Synergistic Effect 
on HCV Early Viral Kinetics during the First Weeks 
of Treatment with Pegylated Interferon + Ribavirin 
in HIV/HCV-co-infected Patients. Antonio Rivero-
Juarez, F Di Lello, A Caruz, A Camacho, K Neukam, 
R Herrero, I Perez-Camacho, J Torre-Cisneros, J 
Pineda, and A Rivero.
767. Baseline Vitamin D Levels Do Not Predict 
Early Virological Response in Patients with HIV/
HCV Co-infection. Andrea Branch, M Kang, K Hol-
labaugh, R Chung, and M Glesby.
771LB. Pharmacokinetic Interaction between the 
HCV Protease Inhibitor Boceprevir and Ritonavir-
boosted HIV-1 Protease Inhibitors Atazanavir, Lopi-
navir, and Darunavir. Ellen Hulskotte, H-P Feng, F 
Xuan, M van Zutven, E O’Mara, S Youngberg, J Wag-
ner, and J Butterton.
772LB. The Influence of the HCV Protease Inhibi-
tor Bocepravir on the Pharmacokinetics of the HIV 
Integrase Inhibitor Raltegravir. Clara de Kanter, M 
Blonk, A Colbers, Q Fillekes, B Schouwenberg, and 
D Burger.
778. Initiation of ART in the Modern Era Is Associ-
ated with Decreased Risk of Hepatotoxicity in HIV/
HCV Co-infected Patients. Mark Hull, W Zhang, B 
Yip, Y Chen, D Milan, V Lima, R Hogg, and J Mon-
taner.
779. Association of HCV/HIV Co-infection with Im-
munovirologic Responses to and Toxicity of ART in 
Treatment-naïve HIV Subjects: ACTG A507, A509, 
A514, and A5202. Lei Hua, C Tierney, J Andersen, K 
Hollabaugh, M Glesby, and E Daar.
781. Cumulative Exposure to ARV Drugs Leads 
to Progressive Hepatic Steatosis among HIV/HCV-
co-infected Patients. Juan Macias, J Berenguer, M 
Japón, J Giron-Gonzalez, A Rivero, L López-Cortés, A 
Moreno, M Márquez, J Iribarren, and J Pineda.
782. Insulin Resistance Is Associated with Progres-
sion of Hepatic Fibrosis in a Cohort of HIV/HCV-
co-infected Patients. Mark Hull, K Rollet, S Saeed, 
C Cooper, B Conway, J Gill, M Potter, M Tyndall, S 
Walmsley, M Klein, and Canadian Coinfection Co-
hort Investigators.
783. Pilot Study of Pioglitazone Prior to HCV Re-
treatment in HIV/HCV Genotype 1+ Subjects with 
Insulin Resistance and Prior Non-response to Pe-
gylated Interferon + Ribavirin Therapy: ACTG 
5239. K Marks, D Kitch, R Chung, J Andersen, C 
Hadigan, P Tien, B Alston-Smith, Marshall Glesby, 
and the ACTG 5239 Team.

796. Incidence and Risk Factors for Incomplete 
HBV Suppression among Tenofovir-treated HIV/
HBV-co-infected Patients. Jeffrey Hafkin, M Osborn, 
J Kostman, K-M Chang, V Amorosa, R Localio, K 
Mounzer, R Gross, and V Lo Re.
797. Outcomes of Lamivudine-based First-line ART 
in HIV/HBV-co-infected Patients: Malawi. A Gonza-
lez del Castillo, M Chaponda, A Garcia-Diaz, V So-
riano, M Hopkins, J Oosterhout, M Taegtmeyer, R 
Heyderman, S Khoo, Anna Maria Geretti, on behalf 
of the HepiB Study Group.
801. Ultrasonographic Measures of CVD Risk in 
a Modern Cohort of ART-naïve HIV+ Individuals: 
Baseline Results from ACTG Study 5260s. James 
Stein, T Brown, H Ribaudo, Y Chen, M Yan, E Lauer-
Brodell, G McComsey, M Dube, H Hodis, and J Cur-
rier.
802. Rate and Predictors of CIMT Progression in 
ARV-naïve HIV+ and HIV– Adults: A 48-Week Pro-
spective Matched Cohort Study. Corrilynn Hileman, 
T Carman, C Longenecker, D Labbato, N Storer, C 
White, and G McComsey.
804. Declining Renal Function Independently 
Predicts Progression of Atherosclerosis in HIV+ 
Persons. Edgar Overton, C Rose, P Patel, J Baker, N 
Onen, J Grubb, E Kojic, T Bush, J Brooks, and SUN 
Study Investigators.
807. Associations between Anatomic Fat Depots 
with Total, Calcified, Non-Calcified, and Mixed Cor-
onary Plaque: MACS. Frank Palella, X Li, L Jacobson, 
T Brown, L Kingsley, M Witt, M Budoff, A Dobs, J 
Phair, and W Post.
808. Higher Levels of Interleukin-6 and Soluble 
TNF-a Receptor I Are Associated with Increased 
Coronary Atherosclerotic Plaque: MACS. Kerunne 
Ketlogetswe, L Jacobson, X Li, F Palella, L Kingsley, 
M Witt, R George, J Margolick, M Budoff, W Post, 
and the Multictr AIDS Cohort Study.
809. HIV Infection Is Associated with Greater 
Amounts of Non-Calcified Coronary Artery Plaque: 
MACS. Wendy Post, L Jacobson, X Li, F Palella, L 
Kingsley, M Witt, R George, T Brown, A Dobs, M 
Budoff, and the Multictr AIDS Cohort Study.
810. Comprehensive Cardiac Magnetic Resonance 
Reveals HIV Is Associated with High Burden of 
Myocardial Disease. Cameron Holloway, N Ntusi, J 
Suttie, M Mahmod, G Clutton, G Hancock, E Wain-
wright, K Clarke, S Neubauer, and L Dorrell.
814. Microbial Translocation Independently Pre-
dicts Future Hypertension in HIV-infected Individu-
als. I Manner, D Kvale, M Baekken, M Pedersen, S 
Dam Poulsen, I Os, and Marius Troseid.
820. HIV Is an Independent Risk Factor for Isch-
emic Stroke: US Health Care System. F Chow, S 
Regan, S Feske, J Meigs, S Grinspoon, and Virginia 
Triant.
821. Primary vs Secondary MI Events among 
HIV+ Individuals: The CNICS Cohort. Heidi Crane, 
P Paramsothy, S Heckbert, M Budoff, J Willig, M 
Mugavero, C Mathews, C Grunfeld, M Saag, M Ki-
tahata, and Ctrs for AIDS Res Network of Clin Inte-
grated Systems.
822. Associations between Markers of Immuno-
suppression and the Risk of CVD. Caroline Sabin 
and the D:A:D Study Group.
824. Sudden Cardiac Death in HIV+ Patients. Zian 
Tseng, E Secemsky, D Dowdy, E Vittinghoff, B Moy-
ers, J Wong, D Havlir, and P Hsue.
825. ACEi or HMG-CoA Reductase Inhibitor (Statin) 
Treatment as Adjunct Therapy for Persons with HIV 
infection: A Pilot Study. Jason Baker, K Huppler 
Hullsiek, R Prosser, D Duprez, R Grimm, F Rhame, 
K Henry, and J Neaton.
829. HIV Status, Burden of Co-morbidities, and Bio-
markers of Inflammation, Altered Coagulation, and 
Microbial Translocation. Kaku Armah, A Justice, R 
Tracy, A Butt, M Goetz, S Deeks, D Rimland, C Rinaldo,  
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973. Lipodystrophy Syndrome in Young HIV+ Chil-
dren Who Initiate ART before 2 Years of Age: South 
Africa. Stephanie Shiau, S Arpadi, R Strehlau, L Mar-
tens, A Coovadia, E Abrams, L Kuhn, and NEVER-
EST Study Team.
976. The Relationship of Microbial Translocation 
and Monocyte-activation Markers with CVD Risk 
in HIV+ Children and Young Adults. Allison Ross, 
G Aldrovandi, A Rollie, MA O’Riordan, N Storer, D 
Labbato, and G McComsey.
977. The Relationship between Vitamin D Status 
and CVD Risk in HIV+ Children and Young Adults. 
Allison Ross, V Tangpricha, S Seydafkan, D Labbato, 
N Storer, and G McComsey.
988. Extensive Drug Resistance in HIV+ Children 
Failing First-line ART Is Undetected by WHO 2010 
Guidelines: Cambodia. B Westley, A DeLong, T 
Chhraing, S Dim, E Nerrienet, L Schreier, J Hogan, 
and Rami Kantor.
989. Nevirapine Resistance in Nevirapine-unex-
posed HIV-1+ Infants Initiating Nevirapine-based 
ART: Nairobi, Kenya. Bhavna Chohan, S Benki-Nu-
gent, K Tapia, M Nga’yo, B Khasimwa, D Lehman, D 
Wamalwa, J Overbaugh, and G John-Stewart.
990. Absence of Integrase Inhibitor Resistance 
Mutations in Children Not Treated with Integrase 
Inhibitors. Julie Nelson, A Loftis, K Below, D Cole, 
S Nachman, L Frenkel, C Alvero, N Zheng, J Eron, 
and S Fiscus.
991. Could CCR5-antagonists Be a Therapeutic 
Option in HIV-1 Perinatally Infected Children Ex-
periencing Virologic Failure?: Necker Hospital, 
Paris, France. Pierre Frange, S Blanche, F Veber, D 
Moshous, V Avettand-Fenoël, C Rouzioux, and M-L 
Chaix.
996. Vitamin D-related Host Genetic Variants al-
ter HIV Disease Progression in Children. Amaran 
Moodley, M Qin, K Singh, and S Spector.
1000. Estimated Perinatal ARV Exposure, Cases 
Prevented, and Infected Infants in the Era of ARV 
Prophylaxis: US. Allan Taylor, K Little, X Zhang, C 
Borkowf, S Whitmore, P Weidle, M Lampe, and S 
Nesheim.
1001. Joint Couples Testing and Treatment of Dis-
cordant Partners Is Critical for Elimination of MTCT: 
Zambia. Lawrence Marum, M Bweupe, J Mwale, C 
Kankasa, and E Marum.
1002. National Evaluation of PMTCT Services: Ke-
nya. James Kiarie, J Ong’ech, O Gachuno, P Muiruri, 
I Inwani, J Kinuthia, P Cherutich, M Sirengo, B Otie-
no-Nyunya, and W Mutsotso.
1003. Reduced Vertical Transmission of HIV in Re-
source Limited Settings—a Comparison between 
the 2008 and 2010 National PMTCT Guidelines: 
South Africa. A Rundare, G Fatti, B Pududu, E Mot-
hibi, and Ashraf Grimwood.
1005. Pregnancy after HAART Initiation: Risk of 
AIDS, Death, and Losses from Care. Daniel West-
reich, S Cole, D Evans, I Sanne, and M Maskew.
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841. Asymmetric Dimethylarginine Levels Are As-
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Lamivudine/Abacavir. Jose Bernardino, F Pulido, E 
Martinez, J Arrizabalaga, P Domingo, J Portilla, A 
Ocampo, J Muñoz, R Torres, J Arribas, and GESIDA-
6008-KRETA Study Group.
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Fiona Havers, L Smeaton, B Detrick, T Campbell, 
R Bollinger, J Hakim, N Kumarasamy, A Andrade, J 
Lama, A Gupta, and the ACTG PEARLS and NWCS 
319 Study Team.
903. Cancer Stage, Age at Diagnosis, and Survival 
Comparing HIV+ and HIV- Individuals with Com-
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Year after Delivery among HIV+ African Women: 
HPTN 046 Clinical Trial. Mary Glenn Fowler, E 
Brown, Y Maldonado, T Chipato, K Manjii, K George, 
S Eshleman, S Zwerski, H Coovadia, H Watts, for the 
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health care practitioners who are actively in-
volved in the care of patients with HIV or other 
viral infections. The journal is indexed in Index 
Medicus/MEDLINE and is distributed to ap-
proximately 12,000 national and international 
subscribers. 
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of articles and contributions published in 
the journal, outline its policies, and provide 
instructions for authors. For further informa-
tion, contact Topics in Antiviral Medicine at 
journal“at”iasusa.org.

Categories of Articles

Perspectives. Perspective articles are summa-
ries of selected talks given at IAS–USA continu-
ing medical education courses. An IAS–USA 
medical writer prepares a summary manu-
script from a transcript of the talk. The man-
uscript is reviewed and edited by the specific 
course presenter and the journal’s appointed 
peer reviewers. 

Reviews. Topics in Antiviral Medicine welcomes 
original review articles on current issues related 
to infection with HIV or other viruses. Topics 
in Antiviral Medicine does not publish original 
research. Manuscripts should be 3000 to 6000 
words (excluding references, tables, and figures) 
and should include numbered references and 
a brief introductory abstract of approximately 
100 to 200 words. Original, adapted, or re-
printed figures and tables may be included and 
should be cited in the text and accompanied 
by a brief title. Adapted and reprinted work re-
quires proof of permission obtained from the 
original publishers and authors. Authors inter-
ested in submitting unsolicited manuscripts are 
encouraged to submit an outline or abstract of 
the proposed manuscript first; please contact 
the editor for further information.

Editorials. Topics in Antiviral Medicine and its 
editors invite submission of editorials. Editori-
als should be approximately 500 to 1500 words 
(excluding references) and should include num-
bered references.

Special Contributions. A special contribution 
article often represents the unique contribution 
(such as a consensus statement) of an author or 
group of authors.

Cases From the Field. Topics in Antiviral 
Medicine invites submission of case reports ac-
companied by a scholarly literature review of 
the topic. Each case report should be 1500 to 
3000 words (excluding references, tables, and 
figures), include numbered references and a 
brief summary sentence, and seek to teach an 
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