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Update of the Drug Resistance Mutations in HIV-1: 
December 2008

Victoria A. Johnson, MD, Françoise Brun-Vézinet, MD, PhD, Bonaventura Clotet, MD, PhD, 
Huldrych F. Günthard, MD, Daniel R. Kuritzkes, MD, Deenan Pillay, MD, PhD, Jonathan M. 
Schapiro, MD, and Douglas D. Richman, MD

The International AIDS Society–USA 
(IAS–USA) Drug Resistance Mutations 
Group reviews new data on HIV-1 drug 
resistance that have been published or 
presented at recent scientific meetings 
to maintain a current list of mutations 
associated with antiretroviral drug re-
sistance. This December 2008 version 
of the IAS–USA drug resistance muta-
tions figures updates those published 
in this journal in March/April 2008 
(Johnson VA, Brun-Vézinet F, Clotet B, 
et al, Top HIV Med, 2008;16:62-68). The 
compilation includes mutations that 
may contribute to a reduced virologic 
response to HIV-1 drugs. It should not 
be assumed that the list presented 
here is exhaustive. Drugs that have 
been approved by the US Food and 
Drug Administration (US FDA) as well 
as any drugs available in expanded ac-
cess programs are included and listed 
in alphabetical order by drug class.  The 
figures are designed for practitioners 
to use in identifying key mutations as-
sociated with viral resistance to anti-
retroviral drugs and in making thera-
peutic decisions. Updates are posted 
periodically at www.iasusa.org. For 
more in-depth reading and an exten-
sive reference list, see the 2008 IAS–
USA panel recommendations for re-
sistance testing (Hirsch MS, Gunthard 
HF, Schapiro JM, et al, Clin Infect Dis, 
2008:47:266-285). 

The mutations listed have been 
identified by 1 or more of the follow-
ing criteria: (1) in vitro passage experi-

ments or validation of contribution 
to resistance by using site-directed 
mutagenesis; (2) susceptibility testing 
of laboratory or clinical isolates; (3) 
nucleotide sequencing of viruses from 
patients in whom the drug is failing; (4) 
correlation studies between genotype 
at baseline and virologic response in 
patients exposed to a drug.  The avail-
ability of more recently approved drugs 
that cannot be tested as monotherapy 
precludes assessment of the impact 
of resistance on antiretroviral activity 
that is not seriously confounded by 
activity of other drug components in 
the background regimen. Readers are 
encouraged to consult the literature 
and experts in the field for clarification 
or more information about specific 
mutations and their clinical impact. 
Polymorphisms associated with im-
paired treatment responses that occur 
in wild-type viruses should not be used 
in epidemiologic analyses to identify 
transmitted HIV-1 drug resistance.

In the context of making clinical 
decisions regarding antiretroviral ther-
apy, evaluating the results of HIV-1 ge-
notypic testing includes: (1) assessing 
whether the pattern or absence of a 
pattern in the mutations is consistent 
with the patient’s antiretroviral therapy 
history; (2) recognizing that in the ab-
sence of drug (selection pressure), re-
sistant strains may be present at levels 
below the limit of detection of the test 
(analyzing stored samples, collected 
under selection pressure, could be use-

ful in this setting); and (3) recognizing 
that virologic failure of the first regi-
men typically involves HIV-1 isolates 
with resistance to only 1 or 2 of the 
drugs in the regimen (in this setting, 
resistance most commonly develops to 
lamivudine or the nonnucleoside ana-
logue reverse transcriptase inhibitors 
[NNRTIs]). The absence of detectable 
viral resistance after treatment failure 
may result from any combination of the 
following factors: the presence of drug-
resistant minority viral populations, 
nonadherence to medications, labora-
tory error, lack of current knowledge 
of the association of certain mutations 
with drug resistance, the occurrence of 
relevant mutations outside the regions 
targeted by routine resistance assays, 
drug-drug interactions leading to sub-
therapeutic drug levels, and possibly 
compartmental issues, indicating that 
drugs may not reach optimal levels in 
specific cellular or tissue reservoirs.

Current Revision

This December 2008 update includes 
several changes to the list of drug re-
sistance mutations for HIV-1, as shown 
on the figure bars. For etravirine, 3 
new mutations were added—K101H, 
E138A, and M230L—and the muta-
tions at positions L100, K101, and Y181 
were changed to boldface to indicate 
their newer categorization as more 
important mutations because they are 
sufficient on their own to confer partial 

Author Affiliations: Dr Johnson (Group Chair), Birmingham Veterans Affairs Medical Center and the University of Alabama at Birmingham 
School of Medicine, Birmingham, AL; Dr Brun-Vézinet, Hôpital Bichat-Claude Bernard, Paris, France; Dr Clotet, HIV Unit, Hospital Universitari 
Germans Trias i Pujol and Fundacio irsiCAIXA, Barcelona, Spain; Dr Günthard, University Hospital, Zurich, Switzerland; Dr Kuritzkes, Harvard 
Medical School and Brigham and Women’s Hospital, Boston, MA; Dr Pillay, Department of Infection, University College London, and Centre 
for Infections, Health Protection Agency, United Kingdom; Dr Schapiro, Sheba Medical Center, Tel Aviv, Israel; Dr Richman (Group Vice-Chair), 
Veterans Affairs San Diego Healthcare System and the University of California San Diego, San Diego, CA.
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reduction in virologic response based 
on weighting factors identified through 
correlations with phenotype (see User 
Note m). Changes to the figure bar for 
ritonavir-boosted darunavir include 
the removal of G73S and addition of 
L74P. For ritonavir-boosted tiprana-
vir, the representations for 3 existing 
mutations—at positions I47, Q58, and 
T74—were changed to boldface. Fi-
nally, the mutations Y143R/H/C were 
added to the raltegravir figure bar.

The IAS–USA Drug Resistance Mu-
tations Group also undertook a com-
prehensive revision of the user notes. 
The information in each note was re-
viewed and updated as necessary. The 
references were updated as needed; 
citations to full papers replaced those 
to abstract presentations whenever 
possible. 

Mutations Panel

The authors comprise the IAS–USA 
Drug Resistance Mutations Group, an 
independent, volunteer panel of experts 
charged with the goal of delivering ac-
curate, unbiased, and evidence-based 
information on these mutations to prac-
titioners. As for all IAS–USA panels, a 
rotation procedure is in place whereby 
1 or 2 panel members periodically step 
down from panel participation and new 
members join. These rotations are de-
signed to ensure that all IAS–USA ex-
pert panels remain diverse in member 
affiliations and areas of expertise.

Comments

The IAS–USA Drug Resistance Muta-
tions Group welcomes comments on 
the mutations figures and user notes.

Please send your evidence-based 
comments, including relevant refer-
ence citations, to the IAS–USA at res-
istance2009''at''iasusa.org or by fax 
at 415-544-9401. Please include your 
name and institution.

Reprint Requests

The Drug Resistance Mutations Group 
welcomes interest in the mutations 
figures as an educational resource for 
practitioners and encourages dissemi-

nation of the material to as broad an 
audience as possible. However, permis-
sion is required to reprint the figures 
and no alterations in the content can 
be made. If you wish to reprint the 
mutations figures, please send your re-
quest to the IAS–USA via e-mail or fax 
(see above). 

To ensure the integrity of the mu-
tations figures, IAS–USA policy is to 
grant permission for only minor, pre-
approved adaptations of the figures 
(eg, an adjustment in size). Minimal 
adaptations only will be considered; 
no alterations of the content of the fig-
ures or user notes will be permitted. 
Please note that permission will be 
granted only for requests to reprint or 
adapt the most current version of the 
mutations figures as they are posted 
on the Web site (www.iasusa.org). Be-
cause scientific understanding of HIV 
drug resistance evolves rapidly and the 
goal of the Drug Resistance Mutations 
Group is to maintain the most up-to-
date compilation of mutations for HIV 
clinicians and researchers, publication 
of out-of-date figures is counterproduc-
tive. If you have any questions about re-
prints or adaptations, please contact us.

Financial Disclosures: The authors disclose 
the following affiliations with commercial 
organizations that may have interests related 
to the content of this article: Dr Brun-Vézi-
net has received grants and research support 
from GlaxoSmithKline, Tibotec Therapeutics, 
has served as a consultant to Merck & Co, 
Inc, Monogram Biosciences, Inc, and Tibotec 
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turer for Bristol-Myers Squibb, GlaxoSmith-
Kline, and Tibotec Therapeutics. Dr Clotet 
has served on scientific and marketing advi-
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lectures from Abbott Laboratories, Boehring-
er Ingelheim Pharmaceuticals, Inc, Merck 
Sharp & Dohme, Bristol-Myers Squibb, Gil-
ead Sciences, Inc, GlaxoSmithKline, Pana-
cos Pharmaceuticals, Inc, Pfizer Inc, Roche 
Pharmaceuticals, and Tibotec Therapeutics. 
Dr Günthard has served as a scientific and 
medical advisor for Abbott Laboratories, 
Bristol-Myers Squibb, Boehringer Ingelheim 
Pharmaceuticals, Inc, GlaxoSmithKline, No-
vartis Pharmaceuticals Corp, and Tibotec 
Therapeutics and has received unrestricted 
research and travel grants from Abbott Labo-
ratories, Boehringer Ingelheim Pharmaceu-
ticals, Inc, Bristol-Myers Squibb, Gilead Sci-

ences, Merck Sharp & Dohme, and Roche 
Pharmaceuticals. Dr Johnson has received 
grant and research support from Agouron 
Pharmaceuticals, Bristol-Myers Squibb, 
GlaxoSmithKline, Monogram Biosciences, 
Inc, and Visible Genetics, Inc (later Bayer, 
now Siemens Medical Solutions Diagnos-
tics); has served on the speaker’s bureaus or 
received honoraria from Abbott Laboratories, 
GlaxoSmithKline, and Monogram Bioscienc-
es, Inc; and has served on medical or clini-
cal advisory boards of Bristol-Myers Squibb, 
GlaxoSmithKline, Monogram Biosciences, 
Inc, and Virco Lab, Inc. Dr Kuritzkes has 
served as a consultant to and has received 
honoraria from Abbott Laboratories, Avexa 
Ltd, Boehringer Ingelheim Pharmaceuticals, 
Inc, Bristol-Myers Squibb, Gilead Sciences, 
Inc, GlaxoSmithKline, Human Genome Sci-
ences, Inc, Idenix Pharmaceuticals, Inc, 
Merck & Co, Inc, Monogram Biosciences, Inc, 
Pfizer Inc, Roche Pharmaceuticals, Schering-
Plough Corp, Siemens, and Trimeris, Inc and 
has received research grant support from 
GlaxoSmithKline, Human Genome Sciences, 
Inc, Merck & Co, Inc, and Schering-Plough 
Corp. Dr Pillay has served as a consultant to 
Boehringer Ingelheim Pharmaceuticals, Inc, 
Bristol-Myers Squibb, Gilead Sciences, Inc, 
and Roche Pharmaceuticals. Dr Schapiro has 
served as a consultant, advisor, or speaker 
for Abbott Laboratories, Ambrilia Biophar-
ma, Inc, Bristol-Myers Squibb, Boehringer 
Ingelheim Pharmaceuticals, Inc, Gilead Sci-
ences, Inc, GlaxoSmithKline, Merck & Co, 
Inc, Monogram Biosciences, Inc, Pfizer Inc, 
Roche Pharmaceuticals, Siemens, Tibotec 
Therapeutics, Virco Lab, Inc, and Virology 
Education; and has received research sup-
port from GlaxoSmithKline, Monogram Bio-
sciences, Inc, Roche Pharmaceuticals, and 
Tibotec Therapeutics. Dr Richman has served 
as a consultant to Anadys Pharmaceuticals, 
Inc, Biota, Bristol-Myers Squibb, Gilead Sci-
ences, Inc, Idenix Pharmaceuticals, Inc, 
Merck & Co, Inc, Monogram Biosciences, Inc, 
Pfizer Inc, Roche Pharmaceuticals, and Tobi-
ra Therapeutics, Inc. The International AIDS 
Society–USA has received grants in the past 
3 years for selected continuing medical edu-
cation activities that are pooled (ie, no single 
company supports any single effort) from 
Abbott Laboratories, Boehringer Ingelheim 
Pharmaceuticals, Inc, Bristol-Myers Squibb, 
Gilead Sciences, Inc, GlaxoSmithKline, Merck 
& Co, Inc, Roche Pharmaceuticals, Tibotec 
Therapeutics, and Pfizer Inc.
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MUTATIONS IN THE REVERSE TRANSCRIPTASE GENE ASSOCIATED WITH RESISTANCE TO REVERSE TRANSCRIPTASE INHIBITORS

Nucleoside and Nucleotide Analogue Reverse Transcriptase Inhibitors (nRTIs)a

Nonnucleoside Analogue Reverse Transcriptase Inhibitors (NNRTIs)a,l

Multi-nRTI Resistance: 69 Insertion Complexb (affects all nRTIs currently approved by the US FDA)

Multi-nRTI Resistance: 151 Complexc (affects all nRTIs currently approved by the US FDA except tenofovir)

Multi-nRTI Resistance: Thymidine Analogue-associated Mutationsd,e (TAMs; affect all nRTIs currently approved 
by the US FDA)
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MUTATIONS IN THE PROTEASE GENE ASSOCIATED WITH RESISTANCE TO PROTEASE INHIBITORSn,o,p
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MUTATIONS IN THE INTEGRASE GENE ASSOCIATED WITH RESISTANCE TO INTEGRASE INHIBITORS

Raltegraviry
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MUTATIONS IN THE ENVELOPE GENE ASSOCIATED WITH RESISTANCE TO ENTRY INHIBITORS 
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Amino acid, wild-type
Amino acid position

Major (boldface type;
protease only)o

Amino acid substitution
conferring resistance Minor (lightface type;

protease only)o

Insertion

MUTATIONS

Amino acid abbreviations: A, alanine; C, cysteine; D, aspartate; 
E, glutamate; F, phenylalanine; G, glycine; H, histidine; I, 
isoleucine; K, lysine; L, leucine; M, methionine; N, asparagine; 
P, proline; Q, glutamine; R, arginine; S, serine; T, threonine; V, 
valine; W, tryptophan; Y, tyrosine.
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User Notes
a. Numerous nucleoside (or nucleotide) 
analogue reverse transcriptase inhibitor 
(nRTI) mutations, like M41L, L210W, and 
T215Y, may lead to viral hypersuscepti-
bility to the nonnucleoside analogue re-
verse transcriptase inhibitors (NNRTIs), 
including etravirine,1 in nRTI-treated 
individuals. The presence of these muta-
tions may improve subsequent virologic 
response to NNRTI-containing regimens 
(nevirapine or efavirenz) in NNRTI-naive 
individuals2-6 or with etravirine in some 
NNRTI-experienced individuals.

b. The 69 insertion complex consists of a 
substitution at codon 69 (typically T69S) 
and an insertion of 2 or more amino 
acids (S-S, S-A, S-G, or others). The 69 
insertion complex is associated with re-
sistance to all nRTIs currently approved 
by the US FDA when present with 1 or 
more thymidine analogue–associated 
mutations (TAMs) at codons 41, 210, or 
215.7 Some other amino acid changes 
from the wild-type T at codon 69 with-
out the insertion may be associated with 
broad nRTI resistance.

c. Tenofovir retains activity against the 
Q151M complex of mutations.7

d. Mutations known to be selected by 
thymidine analogues (M41L, D67N, K70R, 
L210W, T215Y/F, and K219Q/E, termed 
TAMS) also confer reduced susceptibil-
ity to all approved nRTIs.8 The degree 
to which cross-resistance is observed 
depends on the specific mutations and 

number of mutations involved.9-12 Muta- 
tions at the C-terminal reverse transcrip-
tase domains (amino acids 293–560) 
outside of regions depicted on the figure 
bars may prove to be important for HIV-1 
drug resistance. The clinical relevance of 
these in vitro findings remains unclear, 
and there is yet no evidence that they 
have a substantial impact in the absence 
of other, established mutations. Thus, 
they are not depicted on the figure bars.

e. The E44D and the V118I mutations 
increase the level of resistance to zid-
ovudine and stavudine in the presence 
of TAMs and correspondingly increase 
cross-resistance to other nRTIs. Their 
presence in the absence of other key 
mutations does not substantially alter 
resistance.13,14 Furthermore, V118I alone 
does not compromise response to nRTI-
containing regimens.15

f. The M184V mutation alone does not 
appear to be associated with a reduced 
virologic response to abacavir in vivo.16,17 
When present with 2 or 3 TAMs, M184V 
contributes to reduced susceptibility 
to abacavir and is associated with im-
paired virologic response in vivo.17 The 
M184V mutation plus 4 or more TAMs 
results in no virologic response to abaca-
vir in vivo.17 Slightly increased treatment 
responses to tenofovir are observed if 
M184V is present.7

g. The K65R mutation may be selected 
by didanosine or abacavir and is asso-
ciated with decreased susceptibility to 
these drugs.16,18,19 The impact of K65R 

on clinical response to didanosine-con-
taining triple-drug regimens remains un-
clear. 

h. The presence of 3 of the following mu-
tations—M41L, D67N, L210W, T215Y/F, 
K219Q/E—is associated with resistance 
to didanosine.20 The presence of K70R or 
M184V alone does not decrease virologic 
response to didanosine.21 

i. The presence of M184V appears to de-
lay or prevent emergence of TAMs.22 This 
effect may be overcome by an accumu-
lation of TAMs or other mutations.

j. The T215A/C/D/E/G/H/I/L/N/S/V substi-
tutions are revertant mutations at codon 
215 that confer increased risk of viro-
logic failure of zidovudine or stavudine 
in antiretroviral-naive patients.23-25 The 
T215Y mutant may emerge quickly from 
1 of these mutations in the presence of 
zidovudine or stavudine.26,27

k. The presence of K65R is associated 
with a reduced virologic response to te-
nofovir.7 A reduced response also occurs 
in the presence of 3 or more TAMs inclu-
sive of either M41L or L210W.7 Slightly in-
creased treatment responses to tenofovir 
are observed when M184V is present.7

l. The sequential use of nevirapine and 
efavirenz (in either order) is not recom-
mended because of cross-resistance be-
tween these drugs.28 

m. Resistance to etravirine has been 
extensively studied only in the context 
of coadministration with darunavir/rito-
navir. In this context, mutations associ-
ated with virologic outcome have been 
assessed and their relative weights (or 
magnitudes of impact) assigned. In ad-
dition, phenotypic cutoff values have 
been calculated, and assessment of 
genotype-phenotype correlations from a 
large clinical database have determined 
relative importance of the various muta-
tions. These 2 approaches are in agree-
ment for many, but not all, mutations 
and weights.29-31 The single mutations 
Y181C/I/V, K101P, and L100I reduce but 
do not preclude clinical utility. The pres-
ence of K103N does not affect etravirine 
response.32 Accumulation of several 
mutations results in greater reductions 
in susceptibility and virologic response 
than do single mutations.33 

n. Often, numerous mutations are nec-
essary to substantially impact virologic 
response to a ritonavir-boosted protease 
inhibitor (PI).34 When used as unboosted 
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using site-directed mutagenesis; (2) susceptibility testing of laboratory or clinical 
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agents, atazanavir, fosamprenavir, and 
saquinavir generally select the same 
mutations as the ritonavir-boosted drug 
regimen, although the relative frequency 
of mutations may differ. 

o. Resistance mutations in the protease 
gene are classified as “major” or “mi-
nor.” 

Major mutations in the protease 
gene are defined as those selected 
first in the presence of the drug or 
those substantially reducing drug 
susceptibility. These mutations 
tend to be the primary contact 
residues for drug binding. 

Minor mutations generally emerge 
later than major mutations and 
by themselves do not have a sub-
stantial effect on phenotype. They 
may improve replication of viruses 
containing major mutations. Some 
minor mutations are present as 
common polymorphic changes in 
HIV-1 nonsubtype-B clades.

p. Ritonavir is not listed separately, as it 
is currently used only at low dose as a 
pharmacologic booster of other PIs. 

q. Many mutations are associated with 
atazanavir resistance. Their impacts dif-
fer, with I50L, I84V, and N88S having 
the greatest effect. Higher atazanavir 
levels obtained with ritonavir boosting 
increase the number of mutations re-
quired for loss of activity. The presence 
of M46I + L76V might increase suscep-
tibility to atazanavir.35

r. Ritonavir-boosted darunavir correlates 
with baseline susceptibility and the pres-
ence of several specific PI mutations. Re-
ductions in response are associated with 
increasing numbers of the mutations in-
dicated in the figure bar. Some of these 
mutations appear to have a greater ef-
fect on susceptibility than others (eg, 
I50V vs V11I). A median darunavir phe-
notypic fold-change greater than 10 (low 
clinical cutoff) occurs with 3 or more of 
the 2007 IAS–USA mutations listed for 
darunavir36 and is associated with a di-
minished virologic response.37 

s. The mutations depicted on the figure 
bar cannot be considered comprehen-
sive because little relevant research has 
been reported in recent years to update 
the resistance and cross-resistance pat-
terns for this drug. 

t. In PI-experienced patients, the accu-
mulation of 6 or more of the mutations 
indicated on the figure bar is associ-

ated with a reduced virologic response 
to lopinavir/ritonavir.38,39 The product 
information states that accumulation of 
7 or 8 mutations confers resistance to 
the drug.40 However, there is emerging 
evidence that specific mutations, most 
notably I47A (and possibly I47V) and 
V32I, are associated with high-level re-
sistance.41-43 The addition of L76V to 3 
PI resistance–associated mutations sub-
stantially increases resistance to lopina-
vir/ritonavir.35 

u. In some nonsubtype-B HIV-1, D30N 
is selected less frequently than are other 
PI mutations.44

v. Clinical correlates of resistance to 
tipranavir are limited by the paucity of 
clinical trials and observational studies 
of the drug. Lists of mutations associ-
ated with accumulating resistance have 
been presented, with some conflicting 
results. In vitro studies and initial analy-
sis of clinical data show mutations L33F, 
V82L/T, and I84V as having substantial 
contributions. Confirmatory studies are 
pending. A number of mutations (L24I, 
I50L/V, I54L, and L76V) are associated 
with decreased resistance in vitro and 
improved short-term virologic response 
if 2 or more are present.

w. Resistance to enfuvirtide is associat-
ed primarily with mutations in the first 
heptad repeat (HR1) region of the gp41 
envelope gene. However, mutations or 
polymorphisms in other regions of the 
envelope (eg, the HR2 region or those 
yet to be identified) as well as corecep-
tor usage and density may affect suscep-
tibility to enfuvirtide.45-47 

x. Maraviroc activity is limited to pa-
tients with virus that uses only the CC 
chemokine receptor 5 (CCR5) for entry 
(R5 virus); viruses that use both CCR5 
and the CXC chemokine receptor 4 
(CXCR4) (termed dual/mixed or D/M) 
or only CXCR4 (X4) do not respond to 
maraviroc treatment. Virologic failure 
with maraviroc therapy frequently is 
associated with outgrowth of X4 virus 
that preexisted as a minority popula-
tion below the level of assay detection. 
Mutations in the HIV-1 gp120 molecule 
that allow the virus to bind to the mara-
viroc-bound form of CCR5 have been 
described in viruses from some patients 
whose virus remained R5 at the time of 
virologic failure. The resistance profile 
for maraviroc is too complex to be de-
picted on the figure bar. The frequency 
and rate at which maraviroc resistance 
mutations emerge are not yet known.

y. Raltegravir failure is associated with 
integrase mutations in at least 3 distinct 
genetic pathways defined by 2 or more 
mutations including (1) a signature (ma-
jor) mutation at Q148H/K/R, N155H, 
or Y143R/H/C; and (2) 1 or more addi-
tional minor mutations. Minor muta-
tions described in the Q148H/K/R path-
way include L74M + E138A, E138K, or 
G140S. The most common mutational 
pattern in this pathway is Q148H + 
G140S, which also confers the greatest 
loss of drug susceptibility. Mutations de-
scribed in the N155H pathway include 
this major mutation plus either L74M, 
E92Q, T97A, E92Q + T97A, Y143H, 
G163K/R, V151I, or D232N.48 The 
Y143R/H/C mutation is uncommon.49-53 
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Information on drug-drug interactions 
involving antiretroviral agents and oth-
er drugs used by HIV-infected patients 
is confusing. To understand the inter-
actions and how they affect clinical 
practice, it is necessary to have a grasp 
of the basic concepts and terminology 
involved in assessing drug behavior. 
Pharmacokinetics is the mathematics 
of the time course of absorption, dis-
tribution, metabolism, and excretion 
of drugs in the body. Pharmacodynam-
ics refers to relationships between the 
dose or concentration of a drug in the 
body (exposure) and the measured ef-
fects of the drug. Pharmacogenomics 
refers to the entire spectrum of genes 
that determine drug efficacy and safe-
ty, whereas pharmacogenetics concerns 
distinct inherited traits related to drug 
absorption, disposition, and response. 
Inducers of enzymes (or transporters) 
that metabolize drugs are agents that 
stimulate production of enzymes and 
thus decrease levels of the substrate; 
rifampin, nevirapine, and efavirenz are 
examples of inducers. Inhibitors are 
agents that inhibit production of en-
zymes (or transporters) responsible for 
metabolism and thus act to increase 

levels of substrate; ritonavir is an ex-
ample of a potent inhibitor. 

Much of the discussion about induc-
ers and inhibitors concerns the inter-
action of drugs with cytochrome P450 
(CYP) enzymes. These enzymes reside 
primarily in the liver and gut mucosa 
(and at lower levels in the lungs, kidney, 
and brain). Six isoenzymes account 
for the metabolism of nearly half of all 
clinically used drugs (CYP1A2, CYP2C9, 
CYP2C19, CYP2D6, CYP3A3, and CY-
P3A4). Patients may have genetic vari-
ants of CYP enzymes that affect their 
metabolic activity such that the activ-
ity can be classified according to each 
patient’s phenotype as “poor,” “inter-
mediate,” “extensive,” or “ultrarapid”/
“ultraextensive.” Drug interactions 
occur when the pharmacokinetics or 
pharmacodynamics of 1 drug is altered 
by another. These interactions are a 
source of variability in drug responses, 
which can differ according to concentra-
tions of the interacting drugs, dose, and 
time. Pharmacokinetic interactions can 
affect absorption rate, availability, distri-
bution, and hepatic or renal clearance. 
Pharmacodynamic interactions can be 
antagonistic, additive, or synergistic.

Case 1: Ineffective Pain Control

A 46-year-old African American man, 
doing well on antiretroviral therapy with 
tenofovir, emtricitabine, and ritonavir-
boosted (/r) fosamprenavir, presents 1 

day after falling off a motorcycle and re-
ceiving sutures for lacerations and treat-
ment for arm and leg pain at the emer-
gency department. He states that he is 
unable to sleep or concentrate at work 
because of the pain, which was not 
responsive to ibuprofen. Examination 
shows multiple abrasions and contu-
sions. He is prescribed acetaminophen 
with codeine, after reporting a history of 
using codeine years before with no ad-
verse effects. He calls the office 2 days 
later and states that he has been vomit-
ing and feels “sick” all day. He denies 
having a fever or eating any new foods 
since the accident and states that the 
codeine did not relieve the pain. 

The likely explanation for these 
symptoms concerns interactions with 
codeine, which is a prodrug and sub-
strate of CYP2D6 that requires metabo-
lism to its active metabolite (morphine) 
to provide pain relief. In an individual 
who has inhibited catabolism, codeine 
levels will accumulate, causing gastroin-
testinal toxicity without pain relief. The 
patient had no history of adverse events 
the last time he took codeine; however, 
he is now receiving ritonavir, a CYP2D6 
inhibitor. The CYP2D6 inhibition reduc-
es codeine metabolism, thereby raising 
codeine levels and producing codeine 
toxicity with no pain relief. 

Drug Interactions: Not So Simple

Many of the potential drug interactions 
in HIV-infected patients are not as read-
ily identified as that between ritonavir 
and codeine in the patient described 
above. Understanding drug interactions 
is crucial to making accurate benefit-
risk assessments in HIV patients, but 
these interactions can be complex and, 
at times, counterintuitive. Drugs may 
serve as substrates, inducers, or inhibi-
tors of drug-metabolizing enzymes and 
transporters, and the complexity of 
drug metabolism when several medi-
cations are prescribed makes predict-
ing interactions nearly impossible. The 
clinical importance of interactions can-

Knowledge of drug interactions among antiretroviral agents and other 
drugs used by HIV-infected patients is essential to maintaining safety and 
efficacy of drug treatment. Often, the clinical impact of drug-drug inter-
actions cannot be predicted on the basis of pharmacokinetic interactions 
alone, highlighting the need for studies and analyses that provide exposure-
response data. Drug interactions in HIV-infected patients can be complex 
and sometimes counterintuitive, and practitioners must increasingly rely on 
a concerted approach to gathering information on drug interactions that 
goes beyond studies showing exposure changes for coadministered drugs. 
This article summarizes a presentation on drug-drug interactions of newer 
antiretroviral agents made by Judith A. Aberg, MD, at the 11th Annual Clini-
cal Update for the Ryan White HIV/AIDS Program Clinicians held in August 
2008 in Washington, DC. The original presentation is available as a Webcast 
at www.iasusa.org

Dr Aberg is an Associate Professor of Medi-
cine, Division of Infectious Diseases and 
Immunology, at the New York University 
School of Medicine. She is the Director of 
Virology at Bellevue Hospital Center. 
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not be determined solely on the basis 
of the reported magnitude of changes 
in drug plasma concentrations. 

Increasingly, practitioners must rely 
on a concerted approach to gather-
ing information on drug interactions 
that goes beyond the studies showing 
changes in exposure for 2 coadminis-
tered drugs. To this end, several princi-
ples of drug-interaction studies should 
be observed (Huang et al, Clin Pharma-
col Ther, 2007): (1) An in vitro and in 
vivo integrated approach may reduce 
the number of studies required to de-
tail interactions and optimize knowl-
edge of interactions. (2) Appropriately 
designed studies of interactions are 
crucial to reaching the clinical goal of 
avoiding potentially harmful interac-
tions in patients receiving numerous 
drugs simultaneously. (3) The clinical 
importance of interactions should be 
based on clinical trial data and well-
defined exposure-response data and 
analyses. (4) Classification of CYP in-
hibitors and substrates can aid in study 
design and cross-labeling. (5) Informa-
tion on drug interactions should be 
placed appropriately in drug labeling. 

Case 2: Etravirine and Darunavir

A 21-year-old man with vertically ac-
quired HIV has resistance to several 
nucleoside analogue reverse transcrip-
tase inhibitors (nRTIs), the K103N non-
nucleoside reverse transcriptase inhibi-
tor (NNRTI) resistance mutation, and 
several protease inhibitor (PI) resistance 
mutations. Results of coreceptor tro-
pism testing show a dual or mixed pro-
file. Phenotypic analysis indicates that 
darunavir, lopinavir/r, and tipranavir 
should be active, with reduced activity 
of atazanavir and fosamprenavir. It is 
decided to prescribe the integrase in-
hibitor raltegravir, the NNRTI etravirine, 
and a ritonavir-boosted PI. The choice 
of PI from among darunavir, lopinavir, 
tipranavir, atazanavir, or fosamprena-
vir requires clinical judgment regarding 
which drug would provide the most po-
tency, tolerability, and ability to be coad-
ministered with other active agents. 

A look at etravirine interactions with 
PIs narrows the selection. The effects 
of ritonavir-boosted PIs on etravirine 

maximum concentration (Cmax), area 
under the curve (AUC), and minimum 
concentration (Cmin) and the effects of 
etravirine on ritonavir-boosted-PI ex-
posure are shown in Table 1. Etravirine 
exposure is reduced by darunavir/r but 
reduced more by tipranavir/r, whereas 
exposure is increased somewhat with 
lopinavir/r and increased to a greater 
extent with atazanavir/r. For the PIs, 
etravirine coadministration results in 
a marked decrease in atazanavir Cmin 
value and a marked increase in expo-
sure to fosamprenavir, with minimal 
to moderate effects on exposure to da-
runavir and lopinavir. 

Recommendations from the etra-
virine package insert are summarized 
in Table 2. Coadministration of atazana-
vir/r or tipranavir/r is not recommend-
ed because of the decreased PI expo-
sure, and use of fosamprenavir/r is not 
recommended because of increased 
fosamprenavir exposure. Although the 
etravirine Cmin value is reduced by ap-
proximately 50% with darunavir/r, 
coadministration without dose adjust-

ment can still be recommended on the 
basis of clinical findings in the DUET 
studies indicating reduction in plasma 
HIV RNA level to less than 50 copies/mL 
in 59% of patients receiving the 2 drugs 
(Lazzarin et al, Lancet, 2007; Madruga 
et al, Lancet, 2007). 

This finding provides an example of a 
situation in which the clinical importance 
of the drug interaction does not appear to 
be predictable from data on the pharma-
cokinetic interaction alone, emphasizing 
the utility of clinical trial or exposure-re-
sponse data in clinical decision-making. 
Similarly, although etravirine exposure is 
increased with coadministered lopina-
vir/r, data from a clinical trial population 
have suggested that coadministration is 
safe, with the current recommendation 
being that etravirine and lopinavir/r can 
be coadministered with caution. 

Case 3: Coinfection With 
Tuberculosis

A 36-year-old woman who received a 
diagnosis of HIV 6 years ago presents 

Table 1. Etravirine and Protease Inhibitor (PI) Interactions

Maximum 
Concentration

Area Under the 
Curve

Minimum 
Concentration

Effect of PI on etravirine: Ratio in presence of PI (1.00 = no effect)

Atazanavir/r 300 mg/100 mg, 
daily

1.30 1.30 1.26

Darunavir/r 600 mg/100 mg, 
twice daily

0.68 0.63 0.51

Lopinavir/r 400 mg/100 mg, 
soft gel capsule, twice daily

1.15 1.17 1.23

Tipranavir/r 500 mg/200 mg, 
twice daily

0.29 0.24 0.18

Effect of etravirine on PI: Ratio in presence of etravirine (1.00 = no effect)

Atazanavir/r 300 mg/100 mg, 
twice daily

0.97 0.86 0.62

Darunavir/r 600 mg/100 mg, 
twice daily

1.11 1.15 1.02

Lopinavir/r 400 mg/100 mg, 
soft gel capsule, twice daily

0.85 0.80 0.92

Fosamprenavir/r 700 mg/100 
mg, twice daily

1.62 1.69 1.77

/r indicates ritonavir-boosted. 
Adapted from etravirine package insert, 2008. 
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with pulmonary tuberculosis. She has 
a history of nonadherence to medica-
tions. Prior genotypic testing indicated 
M184V, K103N in reverse transcriptase, 
and 2 minor PI resistance mutations. 
She is started on 4-drug therapy for 
tuberculosis with isoniazid, rifampin, 
pyrazinamide, and ethambutol, toler-
ating treatment well for 3 weeks, and 
agrees to start antiretroviral therapy.

What would be the best antiretrovi-
ral therapy option? Possibilities include 
(1) nRTI plus efavirenz and change ri-
fampin to rifabutin 300 mg/day; (2) 
nRTI plus etravirine and change ri-
fampin to rifabutin 300 mg/day; (3) 
nRTI plus any ritonavir-boosted PI and 
continue rifampin as prescribed; or 
(4) nRTI plus etravirine plus ritonavir-
boosted PI and change rifabutin dos-
age to 150 mg every other day. 

The best choice would be option 
2. For option 1, the dose of rifabutin 
would have to be increased to 450 mg/
day if it were used with efavirenz. Of 
note, in this particular case, the patient 
has a K103N mutation, which confers 
resistance to efavirenz, so efavirenz is 
not an option for this patient. Option 
3 is not correct because rifampin can-
not be used with a PI. A summary of 
etravirine drug interactions (Table 3) 
reveals that choices of ritonavir-boost-
ed PIs that can be administered with 
etravirine are limited. For those that 

can be coadministered, use is not rec-
ommended with rifabutin because of 
the potential for substantial reductions 
in etravirine exposure; thus, option 4 
is not correct. If no boosted PI is used 
in this patient’s regimen, neither the 
dose of rifabutin nor that of etravirine 
needs to be altered. 

Ritonavir-boosted darunavir is among 
the few PI options for coadministration 
with etravirine. As for other PIs, coad-
ministration with rifabutin affects rifabu-
tin exposure, requiring dose adjustment. 
However, as a caution against assuming 
class effects in drug interactions, note 
that unlike for other PIs, darunavir/r in-
creases, rather than reduces, levels of 
pravastatin. Pravastatin is metabolized 
mainly by glucuronidation. The mecha-
nism of the interaction of darunavir/r with 
pravastatin remains unclear, although it 
may involve effects on drug-transporter 
proteins. The darunavir package insert 
recommends starting with the lowest 
possible dose of pravastatin with careful 
monitoring when coadministered with 
darunavir/r or to consider an alternative 
statin (darunavir package insert, 2008).

Raltegravir

Raltegravir is not a CYP substrate. Based 
on in vitro and in vivo studies, it appears 
to be eliminated mainly by metabolism 
via a glucuronidation pathway mediated 

by uridine diphosphate-glucuronosyl-
transferase 1A1 (UGT1A1). Rifampin is 
a strong inducer of UGT1A1 and reduces 
raltegravir trough levels (concentration 
at 12 hours, C12h) by 61%, consistent 
with a clinically meaningful reduction 
(mean AUC and Cmax values reduced by 
40% and 38%, respectively). Currently, 
the effect of other inducers of drug-me-
tabolizing enzymes, such as phenytoin 
and phenobarbital, on UGT1A1 is un-
known. Raltegravir exposure is reduced 
with coadministered efavirenz (AUC ra-
tio, 0.64; C12h ratio, 0.79) (Iwamoto et 
al, ICAAC, 2006) and tipranavir/r (AUC 
ratio, 0.76; C12h ratio, 0.45) (Wenning 
et al, ICAAC, 2006) and increased with 
atazanavir/r (AUC ratio, 1.41; C12h ratio, 
1.77) (Mistry et al, CROI, 2006), but no 
dosing changes for any of these drugs 
are currently recommended with co- 
administration. 

Despite the reduced raltegravir ex-
posure with tipranavir/r, efficacy in 
approximately 100 patients receiving 
the 2 drugs in 2 trials (protocols 018 
and 019) was similar to that in patients 
receiving non–tipranavir/r (Steigbigel 
et al, N Engl J Med, 2008). Although 
atazanavir/r is a strong inhibitor of 
UGT1A1 and increases raltegravir ex-
posure, concomitant use was safe and 
effective in patients in 3 trials (proto-
cols 005, 018, and 019) (Steigbigel et 
al, N Engl J Med, 2008; Grinsztejn et al, 
Lancet, 2007). 

Maraviroc

The CC chemokine receptor 5 (CCR5) 
antagonist maraviroc is a substrate 
for both CYP3A isoenzymes and the 
P-glycoprotein transporter. A 50% 
dose reduction for maraviroc is rec-
ommended when it is coadministered 
with most PIs. Because the combined 
use of maraviroc and tipranavir/r is 
desirable in heavily treatment-experi-
enced patients, a randomized, open-la-
bel, 2-way crossover trial in 12 healthy 
volunteers was performed to evaluate 
the pharmacokinetic interaction of 
maraviroc 150 mg twice daily with tip-
ranavir/r (500/200 mg) (Abel et al, Br 
J Clin Pharmacol, 2008). Coadministra-
tion had no effect on maraviroc con-
centrations compared with maraviroc 

Table 2. Recommendations for Etravirine Coadministration with Protease Inhibitors

Protease Inhibitor Recommendation for Etravirine 
Coadministration

Atazanavir/ritonavir
Should NOT be coadministered; atazanavir 
exposure decreased by 38%

Darunavir/ritonavir

May be coadministered without dose ad-
justment; recommendation based on DUET 
study (etravirine exposure decreased by 
50%, yet 59% vs 41% had plasma HIV RNA 
level < 50 copies/mL)

Lopinavir/ritonavir
Etravirine exposure may be increased by 
85% in HIV-infected patients; may be coad-
ministered with caution

Fosamprenavir/ritonavir
Should NOT be coadministered; fosampre-
navir exposure increased by 77%

Tipranavir/ritonavir
Should NOT be coadministered; etravirine 
exposure decreased by 75%

Adapted from etravirine package insert, 2008.
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plus placebo, with 5 patients having 
increased levels of liver enzymes. 

The absence of effect on maraviroc 
concentrations indicates that the effects 
of CYP inhibition and P-glycoprotein in-
duction balanced each other, and that 
the recommended maraviroc dose does 
not need to be altered with concomi-
tant tipranavir/r. Available data on ef-
fects of coadministration of maraviroc 
with antiretroviral combinations indi-
cate reduced maraviroc exposure with 
a regimen of efavirenz, zidovudine, and 
lamivudine (Cmax, −33%; AUC, −53%), 
reduced exposure with a regimen of efa-
virenz, didanosine, and tenofovir (Cmax, 
−24%; AUC, −52%), increased peak 
concentrations with a regimen of nevi-
rapine, lamivudine, and tenofovir (Cmax, 
+54%; AUC, no change), and increased 

exposure with a regimen of lopina-
vir/r, stavudine, and lamivudine (Cmax, 
+180%; AUC, +265%) (Muirhead et al, 
CROI, 2005; Abel et al, Br J Clin Pharma-
col, 2008). 

A further example of competing in-
teractions arises with the use of maravi-
roc with efavirenz and PIs that increase 
maraviroc exposure by inhibiting CY-
P3A4. Maraviroc exposure (as measured 
by Cmax and AUC values) is reduced with 
the known CYP3A4 inducers rifampicin 
and efavirenz by approximately 70% 
and 50%, respectively. The addition 
of efavirenz to maraviroc-plus-PI regi-
mens reduces the magnitude of the PI-
mediated increase in maraviroc expo-
sure (by approximately 50%), with the 
net effect still being CYP3A4 inhibition 
(Abel et al, Br J Clin Pharmacol, 2008). 

Thus, a dose reduction for maraviroc is 
needed in this situation. 

Overall, based on data from clinical 
trials, exposure-response information, 
the drug interaction program, and 
population pharmacokinetics analysis 
in phase IIb/III trials, the recommend-
ed dosing for maraviroc is:

150 mg twice daily when used •	
with PIs, excluding tipranavir/r, 
and delavirdine
300 mg twice daily when used •	
with tipranavir/r, nRTIs, enfu-
virtide, or nevirapine
600 mg twice daily when used with •	
efavirenz in the absence of PIs

Additional Information Sources

Because some clinically important drug 
interactions are counterintuitive or 
seem inconsistent with assumed class 
effects, HIV practitioners should consult 
the drug interaction sections of pre-
scribing information for antiretroviral 
drugs. The following are additional anti-
retroviral drug interaction resources:

www.hivinsite.com:•	  Updated drug 
interaction database with refer-
ences and interactive tool to as-
sess drug interactions.
www.aidsinfo.nih.gov:•	  US Depart-
ment of Health and Human Ser-
vices guidelines for use of antiret-
roviral agents and updated drug 
interaction tables.
www.drug-interactions.com: •	
Downloadable drug interaction 
charts; interactive tools to assess 
interactions; updated news on 
published abstracts and papers.
www.hivmedicationguide.com:•	  
Interactive drug interaction data-
base.
www.hivpharmacology.com:•	  Up-
dated summary of drug interac-
tion data; guidelines for therapeu-
tic drug monitoring. 
Micromedex: Comprehensive drug •	
database; subscription required. 

Presented by Dr Aberg in August 2008. First 
draft prepared from transcripts by Matthew 
Stenger. Reviewed and edited by Dr Aberg in 
November 2008.

Dr Aberg received grants and research sup-
port or honoraria for CME activities from Ab-

Table 3. Coadministration and Dosing Considerations for Etravirine

No Dose Adjustment of Etravirine or Coadministered Drug

Darunavir/ritonavir
Saquinavir/ritonavir
Tenofovir
Didanosine
Raltegravir
Elvitegravir/ritonavira

Omeprazole
Ranitidine

Methadone
Rifabutin (unless combined with ritonavir- 
   boosted protease inhibitor)b

Oral contraceptives
Paroxetine
Clarithromycin (alternative should be con-  
   sidered for treatment of Mycobacterium 
   avium complex)

Coadminister with Caution

Lopinavir/ritonavir

Modify Dose of Coadministered Drug

Sildenafil (alter based on clinical effect)
Atorvastatin (alter based on clinical effect)

Maraviroc (modify dose)

Do Not Coadminister

Tipranavir/ritonavir
Atazanavir/ritonavir
Fosamprenavir/ritonavir
Full-dose ritonavir
Protease inhibitors without ritonavir

Atazanavir               Indinavir
Fosamprenavir         Nelfinavir

Delavirdine
Nevirapine
Efavirenz

aRamanathan et al, ICAAC, 2007.  
bIf etravirine is not coadministered with a ritonvair-boosted (/r) protease inhibitor, use 
rifabutin at a dosage of 300 mg once daily; if etravirine is coadministered with darunavir/r 
or saquinavir/r, rifabutin should not be coadministered because of potential for substantial 
reductions in etravirine exposure. 
Adapted from etravirine package insert, 2008.
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Infection with methicillin-resistant 
Staphylococcus aureus (MRSA) has no 
clear specific relationship with HIV dis-
ease as yet, although higher frequen-
cies of S aureus infection are observed 
in persons at risk of acquiring HIV, 
including injection drug users and, in 
recent studies, men who have sex with 
men (MSM). MRSA is a general public 
health problem widely encountered 
in health care practices, and there 
is now a global epidemic involving a 
newly emerged form referred to as the 
USA 300 strains. This article contains 
frequent references to MRSA strains 
such as USA 100, 200, and 300, each 
of which represents a family of related 
strains that have distinct lineage and 
evolution. The article’s main focus is 
on USA 300 strains, which appear to 
have evolved in the 1960s from phage 
type 80/81.

Background

MRSA was first identified in the 1960s, 
reflecting the response of S aureus to 
widespread exposure to penicillins. 
This includes a group of related S aure-
us strains, many of which are referred 

to as the USA 100 strains, that became 
rampant in hospital settings around 
1983. A new family of strains, the USA 
300 strains, emerged in the communi-
ty setting around 2000 and appear re-
lated to the old phage type 80/81; they 
are now referred to as a “super bug.” 

The USA 300 strains differ from the 
earlier strains in several ways (Table 1), 
including presence of the cytotoxin Pan-
ton-Valentine leukocidin (PVL) and dif-
ferent methicillin resistance elements. 
Infections characteristically caused by 
the hospital-acquired USA 100 strains 
include wound infections, line-associ-
ated bacteremia, ventilator-associated 
pneumonia, and other common noso-
comial infections. Infections with the 
community-acquired USA 300 strains 
include skin and soft-tissue infection, 
community-acquired pneumonia in-
cluding a distinctive type of necrotizing 
pneumonia, and necrotizing fasciitis.

Active antibiotics for the nosocomi-
al MRSA strains are usually limited to 
vancomycin, linezolid, and daptomy-
cin. There is broader susceptibility with 
the USA 300 strains that often includes 
trimethoprim-sulfamethoxazole (TMP-

Community-acquired methicillin-resistant Staphylococcus aureus (MRSA) 
infection is epidemic in the community, differs from nosocomial MRSA in 
virulence, mechanisms, and antibiotic susceptibility, and exhibits diverse 
and often unique pathologic characteristics. The community-acquired 
MRSA USA 300 strains are transmitted largely by person-to-person con-
tact and cause characteristic soft-tissue abscesses and, less commonly, other 
sometimes unusual and serious infections including a necrotizing pneumo-
nia, and other necrotic infections such as necrotizing fasciitis, pelvic throm-
bophlebitis, and septic phlebitis. This MRSA 300 family remains susceptible 
to drugs active against nosocomial MRSA (ie, vancomycin, linezolid, dap-
tomycin) and is often susceptible to trimethoprim-sulfamethoxazole, doxy-
cycline, and clindamycin. Recent epidemiologic data indicate that nosoco-
mial MRSA (eg, mainly USA 100) strains are also present in the community 
and that MRSA USA 300 strains are present in hospital settings, with both 
families found in intermediate frequency in health care–associated set-
tings (eg, nursing homes, dialysis centers). More work is needed to identify 
effective barrier precautions to limit their spread. This article summarizes 
a presentation on MRSA made by John G. Bartlett, MD, at the 11th Annual 
Clinical Update for the Ryan White HIV/AIDS Program Clinicians held in 
August 2008 in Washington, DC. The original presentation is available as a 
Webcast at www.iasusa.org. 

Dr Bartlett is Professor of Medicine and 
Founder and Director of HIV Care Service 
at The Johns Hopkins University School of 
Medicine. 

Perspective

Methicillin-Resistant Staphylococcus aureus Infections

Table 1. Characteristics of Methicillin-Resistant Staphylococcus aureus USA 100 
and USA 300 Strains and Infections

USA 100 USA 300

Where originated Hospital Community

When ~1983 ~2000

Panton-Valentine  
leukocidin

Absent Present 

Methicillin resistance 
elements

Mec I-III Mec IV

Active antibiotics
Vancomycin, linezolid,  
daptomycin

PLUS  trimethoprim-sulfa-
methoxazole, doxycycline, 
clindamycin

Infections

Wound, ventilator-associated 
pneumonia, line infections, 
other plastic- or metal- 
associated infections

Skin and soft tissue, community- 
acquired necrotizing pneumonia, 
necrotizing fasciitis

 

creo
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SMX), minocycline, and clindamycin. 
The USA 300 strains continue to domi-
nate the community-acquired forms 
of S aureus infections but now are be-
ing found with increasing frequency in 
hospital settings and are increasingly 
resistant to antibiotics including tetra-
cycline and clindamycin.

Initial Reports of Community-
Acquired Methicillin-Resistant 
Staphylococcus aureus Infections

A widely publicized story of a MRSA 
epidemic in the St. Louis Rams football 
team and transmission through physi-
cal contact with another team raised 
awareness in 2000 of the importance 
of the USA 300 strains in the communi-
ty. The hospital strains such as USA 100 
or 200 have considerable heterogene-
ity of types, whereas isolates of the 
USA 300 strain are remarkably similar. 
Initial pulsed-field gel electropheresis 
(PFGE) studies in outbreaks showed 
that USA 300 strains were present not 
only in the professional football team 
but in college football teams, fencers, 
children, prison inmates, and MSM 
from various locations across the coun-
try. The classic MRSA lesion in these 
outbreaks is known as the “spider bite” 
abscess (Figure 1). An outbreak in a Los 
Angeles jail before wide recognition of 
the prevalence of this problem prompt-
ed authorities to call in an exterminat-
ing company, which informed them, 
after inspection, that spiders were not 
among the many problems present. 

Moran and colleagues shed light on 
the magnitude of the problem with 
community-acquired MRSA (Moran et 
al, N Engl J Med, 2006). Isolates were 
analyzed from 422 cases of soft-tissue 
infection at 11 emergency departments 
in the United States. Lesions consisted 
of abscess in 81% of cases, wounds in 
11%, and cellulitis with exudate in 8%. 
MRSA was found in 60% (n = 249) of 
cases and was the most common or-
ganism in 10 of 11 centers. Methicillin-
susceptible S aureus (MSSA) accounted 
for 17% of cases (n = 71), and Strep-
tococcus species for 8% (n = 30); le-
sions were sterile in 9% of cases (n = 
38). Virtually all of the MRSA isolates 
(99%) were identified as USA 300, and 

most were strain type 0114. More than 
98% had the Mec IV resistance mecha-
nism and pvl genes. Antibiotic suscep-
tibilities showed 100% were sensitive 
to TMP-SMX, 100% to rifampin, 95% to 
clindamycin, 92% to tetracycline, 60% 
to quinolones, and 6% to macrolides. 

A major message from this study is 
that MRSA has supplanted MSSA as the 
dominant S aureus in community-ac-
quired infections. Treatment consisted 
of incision and drainage plus antibiotic 
treatment in 60% of cases and incision 
and drainage alone in 19%. A beta-
lactam antibiotic was used in 64% of 
cases in which antibiotic therapy was 
used, including 57% of MRSA cases 
treated with an antibiotic. Assessment 
of outcome at 15 days to 21 days by 
telephone showed resolution of infec-
tion in 96% of cases, with no correla-
tion of outcome according to treat-
ment with an antibiotic, an inactive 
antibiotic, or no antibiotic. There is 
widespread agreement that the cuta-
neous abscess needs drainage, but in-
dications for antibiotics to supplement 
drainage are unclear. A prospective 
study sponsored by the National Insti-
tutes of Health is currently evaluating 
the issue of use of antibiotics in MRSA 
cutaneous abscesses. 

The necrotizing infections associ-
ated with the USA 300 MRSA strains 
are often remarkable and devastating. 
Although health care practitioners have 
had experience with necrotizing fasci-
itis for decades, most of these infections 
have been caused by group A strep-
tococci or anaerobic bacteria. Staphylo-
cocci were not previously among likely 
pathogens, but they are now the major 
cause. With regard to necrotizing pneu-
monia, the author’s own experience 
with 4 young, previously healthy adult 
patients at The Johns Hopkins Hospital 
4 years ago shows how devastating this 
community-acquired disease can be: 2 
young, previously healthy women un-
derwent amputations of both legs as a 
result of septic shock, 1 man died, and 
the fourth survived but only after 103 
days in the intensive care unit. 

An initial Centers for Disease Control 
and Prevention (CDC) report on com-
munity-acquired pneumonia caused by 
MRSA presented details on 10 cases in 
Louisiana and Georgia during the influ-
enza season of 2006 and 2007 (MMWR 
Morb Mortal Wkly Rep, 2007). The in-
fection was lethal in 6 of 10 patients 
at an average of 3.5 days after onset 
of symptoms. In addition to these new 
staphylococcal syndromes, communi-

Figure 1. Classic “spider bite” abscess caused by methicillin-resistant Staphylococcus aureus 
USA 300.
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ty-acquired MRSA has been associated 
with septic thrombophlebitis and pedi-
atric “pelvic syndromes” (eg, septic ar-
thritis of the hips, pelvic abscess).

The particular virulence factors un-
derlying the types of infections caused 
by these strains remain disputed. Al-
though the presence of pvl genes in the 
USA 300 strains suggest that PVL could 
be a virulence factor, debate remains 
over whether it is the major determi-
nant of the greater virulence of these 
strains. For example, 2 experienced 
research groups performed well-de-
signed studies that were published in 2 
highly reputable scientific journals and 
came to very different conclusions. 
One group stated that PVL is a key vir-
ulence factor in pulmonary infections, 
as supported by showing that a nasal 
challenge of just PVL in mice causes 
lethal pneumonia (Labandeira-Rey et 
al, Science, 2007). However, the sec-
ond group repeated this experiment 
and concluded that although PVL may 
be a marker for community-acquired 
MRSA, it is not an important virulence 
determinant and might even be protec-
tive (Voyich et al, J Infect Dis, 2006). 

Staphylococcus aureus is an organism 
with more than 60 virulence factors in-
cluding cytotoxic peptides thought to be 
important by some. Identifying individ-
ual factors that account for the chang-
ing behavior of the diverse pathogenic 
processes attributed to MRSA may be 
impossible. By comparison, group A 
streptococci also can cause severe in-
fections but remain relatively simple 
in both virulence factors and antibiotic 
sensitivities. For example, S pyogenes 
remains sensitive to penicillin despite 
having been exposed extensively to the 
drug for more than 5 decades. 

Current Epidemiology 

A large-scale CDC surveillance study 
described the incidence and burden 
of invasive MRSA in the United States 
(Klevens et al, JAMA, 2007). The study 
was hospital-based and involved senti-
nel laboratories covering approximate-
ly 16.5 million patients, approximately 
5.6% of the US population. MRSA was 
isolated from blood or other normally 
sterile site from 8987 cases with com-

munity onset. The site of disease ac-
quisition was classified as community 
onset in 28%, whereas 58% were health 
care–associated onset, and 14% were 
nosocomial onset. Bacteremia account-
ed for 75% of infections and pneumonia 
for 13%. Mortality was 13%. PFGE typ-
ing showed USA 300 strains accounted 
for 16% of hospital-acquired cases, 22% 
of health care–associated cases, and 
67% of community-acquired cases. Note 
the “health care–associated” category 
is a relatively new, hybrid form of epi-
demiologic classification representing 
patients recently discharged from the 
hospital (within 30 days), patients ad-
mitted from chronic care facilities, and 
those who are part of the hospital net-
work, for example, outpatients of di-
alysis centers.

These data indicate the lack of re-
strictions on where the older versus 
newer MRSA strains are to be found. 
The USA 100 strains can be found in 
community-acquired infections, and 
the USA 300 strains are now found in 
nosocomial infections, and both strains 
are found at intermediate frequencies 
in health care–associated sites. On 
the basis of this report, an estimated 
94,360 invasive MRSA infections oc-
cur each year, with 18,650 associated 
deaths. The incidence was estimated at 
32 cases per 100,000 population, with 
geographic variation including rates of 
20 per 100,000 population in Portland 
and 118 per 100,000 in Baltimore. 

Treatment

Vancomycin remains the standard treat-
ment for serious MRSA infections. It is 
the second most commonly used anti-
biotic in hospitals, and approximately 
16 tons of the drug are used every year. 
In 50 years of use, only 6 clinical MRSA 
strains with vancomycin resistance have 
been identified. However, recent reports 
provide cause for concern. Tenover 
and Moellering (Clin Infect Dis, 2007) 
showed several concerns about vanco-
mycin: 1) heteroresistance in MRSA, 
in which small numbers of organisms 
with high vancomycin minimal inhibi-
tory concentrations (MICs) are present 
within large populations of organisms 
that show vancomycin resistance de-

spite resistance of a subpopulation; 2) 
“MIC creep,” in which an increase has 
occurred in recent years in numbers of 
both MRSA and MSSA clinical isolates 
with vancomycin MICs of 2 µg/mL or 
greater (strains now considered only 
intermediately sensitive to vancomy-
cin) (Wang et al, J Clin Microbiol, 2006); 
and 3) prolonged MRSA bacteremia in 
many patients despite adequate vanco-
mycin treatment as indicated by trough 
levels of 15 mcg/mL to 20 mcg/mL. 

The standard regimen of intravenous 
vancomycin is 1 g every 12 hours or, 
preferably, 15 mg/kg to 22 mg/kg every 
12 hours. Although this regimen may 
suffice for many staphylococcal infec-
tions, drug levels should be considered 
and monitored in serious staphylococ-
cal infections with a goal of reaching 
trough levels of 15 µg/mL to 20 µg/mL 
in pneumonia, 20 µg/mL in central ner-
vous system infection, 10 µg/mL to 20 
µg/mL in endocarditis, and 10 µg/mL 
to 15 µg/mL in bacteremia. In cases 
of vancomycin failure, options are li-
nezolid (600 mg every 12 hours), dap-
tomycin (6-8 mg/kg/day), clindamycin 
(600 mg every 8 hours), or TMP-SMX 
(10/50 mg/kg/day). A new drug was just 
recommended for approval by the US 
Food and Drug Administration Advi-
sory Panel (November 20, 2008). This 
may provide another option. 

For USA 100 strains, use of linezolid 
or daptomycin is likely to be required 
in vancomycin failures; linezolid is the 
only available oral agent for these infec-
tions and is preferred for pneumonia 
(see below). For USA 300 strains, sen-
sitivity testing should be performed to 
determine that a tetracycline (prefera-
bly minocycline), clindamycin, or TMP-
SMX can be used. However, more re-
cent experience suggests the USA 300 
strains are becoming more resistant to 
tetracycline and clindamycin. 

For pulmonary infections involv-
ing USA 300 strains linezolid is usually 
preferred because of its superior lung 
penetration and better 28-day survival 
in MRSA nosocomial pneumonia com-
pared with vancomycin (Wunderink et 
al, Chest, 2003). A highly controversial 
area is that of indications for antibiot-
ics for the common cutaneous abscess. 
There is widespread agreement that in-
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cision and drainage are key in most such 
infections, but there is no consensus on 
indications for antibiotics or on the drug 
to use, except that cephalexin and di-
cloxacillin (once the favored agents) are 
now considered “wrong” choices unless 
the strain is known to be MSSA. 

Important factors to consider with 
vancomycin include the potential for 
nephrotoxicity and the need to moni-
tor drug levels with treatment of seri-
ous infections. Linezolid occasionally 
causes marrow toxicity and serious op-
tic toxicity. Daptomycin has been asso-
ciated with elevated levels of creatine 
kinase, although the clinical conse-
quences of this seem rare. The optimal 
dosing of daptomycin is still not clear, 
and it should not be used in pneumo-
nia because of poor lung penetration. 
TMP-SMX is associated with rash, and 
its use may be problematic because of 
a potential for severe reactions. Clinda-
mycin is associated with Clostridium 
difficile colitis and presents potential 
problems with resistance. 

Control Efforts

All cutaneous abscesses should be cov-
ered. Colonization sites for staphylococ-
ci are the nose, skin, intestines, genital 
tract, and objects. The nose harbors 
MSSA in approximately 30% of individ-
uals and MRSA in approximately 2% to 
5%. Fomites such as towels were impli-
cated in the MRSA USA 300 epidemic 
in the St. Louis Rams players. Studies in 
MSM have indicated a genital or perirec-
tal source; in a survey in San Francisco 
hospitals, MSM had a relative risk for 
MRSA infection of 13.2 that was unre-
lated to HIV infection; affected sites in-
cluded buttocks, genitals, and perineum 
(Diep et al, Ann Intern Med, 2008). 

Given the potential sources of infec-
tion, it is reasonable to attempt barrier 
precautions in the health care setting, 
including use of mupirocin for the nose 
and chlorhexidine soap and hexachlo-
rophene cleanser for the body. The ef-
fects of a strategy of universal screen-
ing for MRSA and barrier precautions 
were assessed in a recent study in sur-
gical wards in a Swiss teaching hospi-
tal (Harbarth et al, JAMA, 2008). Surgi-
cal patients underwent randomization 

to rapid screening (polymerase chain 
reaction testing) for the presence of 
MRSA in the nose. The intervention for 
MRSA carriers found through screen-
ing included contact isolation, adjusted 
antibiotic prophylaxis, a computerized 
MRSA alert, and use of mupirocin oint-
ment and chlorhexidine body wash. 
The investigators found no differences 
in rates of MRSA surgical site infection 
or nosocomial acquisition with the 
screening and intervention. 

On the other hand, a study of screen-
ing and barrier precautions in 3 af-
filiated hospitals in Chicago did show 
benefit (Robicsek et al, Ann Intern Med, 
2008). In this study, patients underwent 
surveillance for MRSA using polymerase 
chain reaction testing, with isolation 
and barrier precautions used for MRSA 
carriers and decolonization attempt-
ed using mupirocin and chlorhexidine 
wash. The strategy of universal screen-
ing and infection control in those colo-
nized was studied in sequence with no 
intervention, followed by intervention 
restricted to the intensive care unit, and 
then universal screening.

Compared with a control period dur-
ing which the rate of MRSA infection 
was 8.9 per 10,000 patient-days, the in-
fection rate was similar (7.4) with the 
intensive care unit–based strategy and 
statistically significantly reduced (3.9) 
with the universal strategy. The aggre-
gate MRSA disease prevalence density 
was reduced by greater than 70% with 
universal screening. The point to em-
phasize is that screening, covering le-
sions, and decontamination with mupi-
rocin and chlorhexidine all make sense, 
but evidence that they work is limited 
in number and variable in results. We 
now have universal screening for MRSA 
in Veterans Administration hospitals 
and in some states with a legislated re-
quirement, but we do not know what 
strategies are effective in controlling 
this organism in health care settings, 
and these mandated and unfunded pol-
icies represent extensive resources.

Conclusion

Staphylococcus aureus features incred-
ibly diverse pathogenic and resistance 
mechanisms, and MRSA has emerged 

as the major bacterial pathogen of 
the 21st century to date. The primary 
mode of transmission of community-
acquired MRSA is human-to-human 
contact. Management of the infections 
includes drainage of abscesses, but the 
criteria for antibiotics are often unclear. 
Many strains of the USA 300 family are 
sensitive to TMP-SMX, clindamycin, 
and/or minocycline. Serious infections 
and most nosocomial MRSA strains are 
best treated with vancomycin, aiming 
for trough levels of 15 mcg/mL to 20 
mcg/mL in serious infections. Screen-
ing for nasal carriage combined with 
use of barrier techniques is often em-
ployed to contain spread of the organ-
ism, but there is no consensus on the 
utility of this intervention. The history 
of MRSA strongly indicates that even if 
the organism is controlled, the victory 
will be temporary. 

Presented by Dr Bartlett in August 2008. First 
draft prepared from transcripts by Matthew 
Stenger. Reviewed and edited by Dr Bartlett 
in November 2008.

Dr Bartlett received grants from Gilead Sci-
ences, Inc. He served as a consultant to Ab-
bott Laboratories, Bristol-Myers Squibb, 
GlaxoSmithKline, Johnson and Johnson, Pfiz-
er Inc, and Tibotec Therapeutics.
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The “blueprint” for HIV treatment suc-
cess includes making the diagnosis of 
HIV infection, linking infected individ-
uals to outpatient care, and retaining 
patients in care. There is considerable 
need for improvement in each of these 
areas (Figure 1). Substantial benefits 
come by increasing engagement in 
HIV care. A useful way of conceptual-
izing engagement as put forth by the 
US Health Resources and Services Ad-
ministration (HRSA) is as a continuum 
from HIV-seropositive people unaware 
they are infected to patients who are 
fully engaged in HIV care, with grada-
tions in between of categories includ-
ing patients who are aware of their HIV 
status and not receiving any medical 
care, are receiving medical care but 
not HIV care, have entered HIV care 
but dropped out, or are in and out of 
HIV care or infrequent users of care 
(Cheever, Clin Infect Dis, 2007). For pa-
tients anywhere along the continuum, 
there is an opportunity to move them 
forward with appropriate interventions. 

The design and implementation of 
effective interventions, however, re-
quire taking many factors into account. 
Using a behavioral model of health 
services utilization, these factors can 
be organized into environmental and 

patient characteristics to better un-
derstand their interplay and their re-
lationship with health behaviors such 
as engagement in care and adherence 
to antiretroviral medications that influ-
ence health outcomes. This conceptual 
framework allows for identification of 
modifiable factors that may serve as 
targets to affect these behaviors and ul-
timately improve outcomes (Figure 2). 

Improved engagement in HIV care 
carries the promise of substantially im-
proved outcomes at both the individual 
and population levels. At the individual 

level, better engagement is associated 
with better antiretroviral therapy re-
ceipt and adherence, immunologic and 
virologic outcomes, and survival (Keru-
ly et al, Am J Public Health, 2002; Rob-
bins et al, JAIDS, 2007; Giordano et al, 
Clin Infect Dis, 2007; Park et al, J Intern 
Med, 2007). At the population level, im-
proved engagement may help address 
observed racial and socioeconomic 
disparities in HIV outcomes (Mugavero 
et al, JAIDS, 2008). Further, it can have 
a substantial role in reducing transmis-
sion of disease because improved en-
gagement has been associated with 
reduced risk behaviors and improved 
receipt of and adherence to antiretro-
viral therapy (Marks et al, AIDS, 2006; 
Metsch et al, Clin Infect Dis, 2006; Gior-
dano et al, Clin Infect Dis, 2007; Quinn 
et al, N Engl J Med, 2000; Cohen et al, 
Ann Intern Med, 2007).

Although they share many barriers 
and facilitating factors, linkage to care 
and retention in care are distinct pro-
cesses. Characteristics of these process-
es and elements of strategies to improve 
engagement are discussed herein.

Engagement in HIV care needs to be improved. Important factors to be con-
sidered in attempts to improve engagement in care include the following: 
(1) initial linkage and subsequent retention are distinct processes; (2) en-
gagement in care is vital for HIV treatment success at both the individual 
and population levels; (3) missed clinic visits can identify patients at high risk 
for poor health outcomes; (4) engagement in care is worse in groups bearing 
a disproportionate burden of the domestic HIV epidemic; and (5) ancillary 
services play a crucial role in improving linkage to and retention in care. 
This article summarizes a presentation on engagement in HIV care made by 
Michael J. Mugavero, MD, MHSc, at the 11th Annual Clinical Update for the 
Ryan White HIV/AIDS Program Clinicians held in August 2008 in Washington, 
DC. The original presentation is available as a Webcast at www.iasusa.org. 

Dr Mugavero is Assistant Professor of Medi-
cine at the University of Alabama at Bir-
mingham and Project Director of the UAB 
1917 Clinic Cohort.

Perspective

Improving Engagement in HIV Care: What Can We Do? 

Challenge: 50%
present with CD4+

< 200 cells/µL

HIV diagnosis
Linkage
to care

Antiretroviral
receipt

Antiretroviral
adherence

Challenge: 20%-40%
fail to establish care

within 6 mo

Challenge: One-third
with known HIV are
not engaged in care

Outcomes

Challenge: 21%
of HIV-infected

individuals in US
undiagnosed

Retention in care

Figure 1. Blueprint for HIV treatment success, indicating the population-level challenges cur-
rently faced in the United States (Glynn and Rhodes, NHIVPC, 2005, Gardner et al, AIDS, 
2005; Mugavero et al, Clin Infect Dis, 2007; Gay et al, AIDS, 2006; Mugavero et al, Am J 
Med, 2007; Fleming et al, CROI, 2002). Adapted with permission from Ulett et al, AIDS Pa-
tient Care STDs, 2008. 
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Linkage to Care

In September 2006, the US Centers for 
Disease Control and Prevention (CDC) 
issued revised HIV testing recommen-
dations advocating routine opt-out test-
ing for adults in all health care settings. 
An estimated 25% to 50% increase in 
patients needing outpatient HIV care 
is anticipated from implementation 
of these recommendations. The CDC 
guidelines further highlight the impor-
tance of linkage to medical services at 
the time of diagnosis because newly 
diagnosed patients frequently delay 
or fail to establish outpatient HIV care 
(CDC, MMWR Recomm Rep, 2006; 
Mugavero and Saag, MedGenMed, 
2007; Samet et al, AIDS, 2001; del Rio 
et al, CROI, 2001). 

In the only randomized controlled 
trial reported to date of an intervention 
to improve linkage to care, the CDC ex-
amined the potential role of a strength-
based case-management strategy in 
the Antiretroviral Treatment Access 
Study (ARTAS). The intervention was 
based on promotion of empowerment 
and self-efficacy. Case managers asked 
clients to identify internal strengths and 
assets to foster linkage to care, and up to 
5 case manager contacts were allowed 

within the first 90 days of enrollment 
(Gardner et al, AIDS, 2005). A primary 
HIV care provider visit was attended 
within 6 months by 78% of patients 
in the case-management group versus 
60% of patients in the standard-of-care 
group (P < .01), and a second visit oc-
curred within the first 12 months for 
64% versus 49%, respectively (P < .01) 
(Gardner et al, AIDS, 2005). 

On the assumption that a case man-
ager carries a load of 120 clients per 
year, the cost of the program was es-
timated at $599 per client, with a cost 
of $3993 per additional client linked to 
care above and beyond the standard-
of-care group. These findings indicate 
that the intervention is efficacious in 
terms of both cost and linkage of care. 
However, the fact that only two-thirds 
of patients in the case-management 
group and less than half in the stan-
dard-of-care group remained in care 
after the first year indicates substantial 
room for improvement. 

In a study at the University of Ala-
bama at Birmingham (UAB) 1917 
Clinic among patients calling to es-
tablish HIV care during 2004 to 2006, 
31% (160/522) failed to attend a clinic 
visit within 6 months of the initial call 
(Mugavero et al, Clin Infect Dis, 2007). 

Minority men and women and white 
women were statistically significantly 
more likely to be “no shows” compared 
with white men, as were patients with 
public health insurance and those with-
out insurance compared with patients 
with private insurance (Table 1). A lon-
ger delay from the time of the initial call 
to the scheduled appointment was also 
associated with greater likelihood of not 
showing for a clinic visit. 

To reduce the no-show rate, a pro-
gram, Client-Oriented New Patient 
Navigation to Encourage Connection 
to Treatment (Project CONNECT), was 
developed and launched on January 
1, 2007. In the program, new patients 
have a scheduled orientation visit 
within 5 days of their initial call to the 
clinic. When a prospective client calls, 
he or she speaks to a team member, 
who says, in essence, “I’d like you to 
come over in the next few days–when 
are you available? I’d like to meet you 
personally, talk with you, show you 
around the clinic.” At this visit, the pa-
tient has a semistructured interview, 
completes a psychosocial question-
naire, and undergoes baseline labora-
tory testing. Uninsured patients also 
meet with a clinic social worker at this 
initial orientation visit. 

The orientation visit has proved to 
be very advantageous in facilitating 
rapid institution of prophylactic medi-
cations when necessary. For example, 
patients coming in with CD4+ counts 
less than 200 cells/µL are often started 
on Pneumocystis jiroveci pneumonia 
(PCP; formerly Pneumocystis carinii 
pneumonia) prophylaxis even before 
their primary provider visit. It has also 
allowed for prompt referral for sub-
stance abuse and mental health servic-
es when necessary through problems 
identified on the psychosocial question-
naire. Although the Project CONNECT 
questionnaire contains 7 domains, it 
is administered fairly rapidly because 
the validated screening instrument 
for each domain contains few ques-
tions. The domains and instruments 
are medication adherence (ACTU-4), 
depression (Patient Health Question-
naire, PHQ), anxiety (PHQ), alcohol 
use (Alcohol Use Disorders Identifi-
cation Test–Consumption, AUDIT-C), 
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Contextual Environment
• Rural vs urban
• Neighborhood
• Dependent care
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• Appointment 
   availability
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Figure 2. Interplay of environmental factors and patient characteristics with HIV care behav-
iors and outcomes. Adapted with permission from Ulett et al, AIDS Patient Care STDs, 2008, 
and Andersen RM, J Health Soc Behav, 1995. 
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substance abuse (Alcohol, Smoking 
and Substance Involvement Screening 
Test, ASSIST), health-related quality of 
life (EuroQOL-5D), and symptoms (HIV 
Symptom Index). The questionnaire is 
subsequently repeated every 6 months 
to identify new needs or barriers that 
need to be addressed to keep the pa-
tient engaged in care. 

The preliminary results in improv-
ing linkage to HIV care at the UAB 
1917 Clinic have been encouraging. 
For patients scheduling an orientation 
visit during the 2007 calendar year 
(with follow-up through June 30, 2008, 
to allow patients 6 months to attend 
a primary HIV provider visit), 81% 
(296/364) attended a primary HIV pro-
vider visit. The no-show rate of 19% is 
statistically significantly lower than the 
31% rate identified in 2004 to 2006 (P 
< .01). Cost for the program was es-
timated at $200 per client and $1628 
per additional client linked to care 
through Project CONNECT, indicating 
a reasonable cost of the intervention. 
Reimbursement has been set up par-

tially through Ryan White HIV/AIDS 
Program Part B by working with the 
local Ryan White HIV/AIDS Program 
grantee in Alabama. Although these 
results are encouraging and provide a 
foundation for continued efforts, more 
work remains to be done to improve 
linkage to HIV care.

Retention in Care 

Missed visits are common after estab-
lishment of outpatient care and are 
associated with delayed receipt of an-
tiretroviral therapy, emergence of anti-
retroviral resistance, and virologic fail-
ure (Ulett et al, AIDS Patient Care STDs, 
2008; Giordano et al, JAIDS, 2003; Lu-
cas et al, Ann Intern Med, 1999; Sethi 
et al, Clin Infect Dis, 2003; Robbins et 
al, JAIDS, 2007). However, few stud-
ies have examined the relationship 
between missed visits and mortality 
after initial linkage to outpatient care. 
Thus, this relationship was examined 
in a retrospective study of 543 newly 
diagnosed patients with no prior out-

patient care who initiated treatment 
at the UAB 1917 Clinic between 2000 
and 2005 (Mugavero et al, Clin Infect 
Dis, 2008). Approximately 60% of pa-
tients missed visits during the first year 
after initial linkage to outpatient care. 
Younger patients, African American pa-
tients, and patients with public health 
insurance were more likely than other 
groups to have a missed visit. Missed 
visits were associated with increased 
risk of mortality. Mortality rates were 
2.3 versus 1.0 per 100 patient-years of 
follow-up in the missed-visit versus no-
missed-visit groups, respectively (P = 
.02). 

Although further work is needed 
to better understand this relationship, 
these findings should serve to heighten 
clinician awareness of missed visits 
among new patients. A missed visit 
early in care may identify patients at 
risk of poor long-term outcome and 
may serve as a marker for providers to 
identify patients at heightened risk who 
may require specific attention to reten-
tion in care, adherence to medications, 
and assessment of other factors in their 
lives that may contribute to the higher 
observed mortality in this study.

To improve the understanding and 
assessment of the effects of variation 
in retention in care, a methodology 
that allows engagement to be evalu-
ated using multiple measures has been 
devised. Appointment adherence is 
measured as the overall proportion of 
scheduled visits that are attended over 
a given time period. This measure al-
lows gradations of adherence among 
patients to be identified, rather than 
treating it as a dichotomous variable 
(eg, assigning adherence versus nonad-
herence on the basis of a missed visit). 

Persistence is measured as the pro-
portion of 3- or 6-month intervals dur-
ing which at least 1 visit was attended 
over a period of time. A gap in care 
occurs when a patient goes without a 
visit for a predefined interval such as 6 
months or 12 months.

Appointment adherence was as-
sessed over a 2.5-year period in 1221 
patients attending the UAB 1917 Clinic. 
Figure 3 shows the distribution of ap-
pointment adherence rates and the 
percentage of patients achieving plas-

Table 1. Risk of Being a “No Show” at First Scheduled Visit After Initial Call to 
University of Alabama at Birmingham 1917 Clinic

Characteristic “Show” Group 
(n = 362)

“No Show” Group
(n = 160)

Odds Ratio
(95% confidence

interval)

Age in years, mean (SD) 39.3 (9.6) 37.1 (9.5) 0.84 (0.68-1.04)a

Race, sex, no. (%)
 

White men 125 (34.5) 32 (20.0) 1.0 (Reference)

Minority men 154 (42.5) 76 (47.5) 1.75 (1.05-2.91)

White women 31 (8.6) 20 (12.5) 2.72 (1.30-5.68)

Minority women 52 (14.4) 32 (20.0) 2.39 (1.27-4.52)

Insurance, no. (%)

Private 127 (35.1) 26 (16.2) 1.0 (Reference)

Public 77 (21.3) 34 (21.3) 1.91 (1.03-3.54)

Uninsured 158 (43.6) 100 (62.5) 2.62 (1.56-4.39)

Days from call to 
appointment, mean (SD)

25.6 (13.8) 30.2 (13.4) 1.32 (1.14-1.53)a

SD indicates standard deviation.  
aOdds ratio per every 10 years of age, or odds ratio per every 10 days between call and 
appointment. 
Adapted from Mugavero et al, Clin Infect Dis, 2007. 
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ma HIV RNA levels of less than 50 cop-
ies/mL according to adherence rate. 
The relationship between appointment 
adherence and virologic response is 
similar to the dose-response relation-
ship observed with adherence to anti-
retroviral therapy. Achievement of plas-
ma HIV RNA levels below 50 copies/mL 
occurs in approximately one-third of 
patients with appointment adherence 
of less than 60% and in approximately 
three-fourths of those with 100% ap-
pointment adherence. Analysis of risk 
factors for virologic failure, defined as 
plasma HIV RNA level greater than 50 
copies/mL, showed that appointment 
nonadherence was a statistically signif-
icant predictor with roughly twice the 
odds of virologic failure per additional 
25% nonadherence, along with young-
er age and public health insurance (Ta-
ble 2) (Mugavero et al, JAIDS, 2008). 

In a study of US veterans with HIV 
starting antiretroviral therapy, Giorda-
no and colleagues assessed treatment 
outcomes by clinic visit persistence, 

defined as the number of quarters 
(3-month periods) with attendance at 
a scheduled visit during the first year 
of antiretroviral therapy (Giordano 
et al, Clin Infect Dis, 2007; Cheever, 
Clin Infect Dis, 2007). Visit persistence 
was associated with 1-year CD4+ cell 
count and plasma HIV RNA level out-
comes, antiretroviral therapy adher-
ence, and long-term survival. Analysis 
of survival showed increasing risk of 
mortality with increasing number of 
quarters with no attended clinic visit. 
Compared with the 1685 patients 
(64%) with an attended visit in each 
quarter, the hazard ratio (95% confi-
dence interval) for survival was 1.41 
(1.10-1.82) among 479 patients (18%) 
who attended in 3 of 4 quarters, 1.68 
(1.24-2.26) among 286 patients (11%) 
who attended in 2 of 4 quarters, and 
1.94 (1.36-2.76) among 169 patients 
(7%) who attended in 1 of 4 quarters 
(Giordano et al, Clin Infect Dis, 2007).

Studies sponsored by HRSA of the 
US Department of Health and Human 

Services have indicated that retention 
in HIV care is associated with use of 
ancillary services including case man-
agement, transportation, housing, 
substance abuse, and mental health 
services (AIDS Care, 2002). HRSA-
sponsored Special Projects of National 
Significance initiatives involving peer 
navigators and other types of patient 
outreach have also proven effective in 
promoting retention in care (Tobias, 
AIDS Patient Care STDs, 2007). Current-
ly, the CDC and HRSA are sponsoring a 
randomized controlled trial to develop 
and test an intervention to improve re-
tention in HIV care, although results of 
this study will not be available for sev-
eral years as it has only recently been 
launched. 

What Can We Do?

Important messages to be gleaned from 
our current experience with linkage to 
and retention in care are as follows:

Linkage and retention are distinct •	
processes
Engagement in care is vital for •	
HIV treatment success at the indi-
vidual and population levels
Early missed visits can identify •	
patients at high risk of poor health 
outcomes
Engagement in care is worse in •	
groups bearing a disproportion-
ate burden of the HIV epidemic in 
this country
Ancillary services have a crucial •	
role in improving linkage to and 
retention in care

Several initiatives for improving link-
age and retention can be implement-
ed relatively promptly. Partnerships 
can be established among local Ryan 
White HIV/AIDS Programs, public 
health departments, community-based 
organizations, and hospital emergency 
departments in implementing HIV 
testing coupled with the ARTAS case-
management program to improve link-
age to care. Clinics can evaluate their 
own no-show profiles and consider 
revising their new patient orientation 
processes; implement routine psycho-
social screening to identify barriers 
to engagement in care (eg, substance 
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abuse); and attempt to strengthen so-
cial-worker and case-manager, mental 
health, and substance-abuse programs 
as resources allow. Clinics can also 
develop partnerships to implement 
and strengthen patient-outreach and 
peer-navigation programs with ex-
isting community organizations cur-
rently providing these services. Dis-
cussion with patients about their need 
to adhere to antiretroviral therapy is 
commonplace in the clinic. Similarly, 
patients need to be informed that ad-
herence to visits is also associated with 
improved outcomes–that patients who 
remain engaged in care do better. 

Presented by Dr Mugavero in August 2008. 
First draft prepared from transcripts by Mat-
thew Stenger. Reviewed and edited by Dr 
Mugavero in November 2008. 

Dr Mugavero received grants and research 
support or honoraria from Bristol-Myers 
Squibb and Tibotec Therapeutics. 
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For information about any of these Cases on the Web, please contact the International AIDS Society–USA.
Phone:  (415) 544-9400  •  Fax:  (415) 544-9401  •  E-mail: info2009”at”iasusa.org  •  Web site: www.iasusa.org

  Cases on the Web – www.iasusa.org/cow
Cases on the Web (COW) is an online continuing medical education program sponsored by the International AIDS Society—USA. Presented 
in a convenient, case-based format, COW activities offer physicians access to top-quality advanced education about HIV and AIDS care.

   CASE-BASED FORMAT

Our COW activities feature a dynamic case-based format. Each activity intro-
duces a case and a series of clinical decision points. At each decision point, learn-
ers choose the decision option that they believe is most sound and read the 
presenter’s explanation of their choice. Selecting the best option links learners 
to a supporting discussion of related medical findings, research-based evidence, 
and additional case management considerations.

  NEW

Management of Cryptococcal Meningitis in the Antiret-
roviral Therapy Era: More than Just Antifungals
by Henry Masur, MD, and Anuradha Ganesan, MD

In many urban areas, one-third of patients presenting with an 
initial HIV diagnosis have CD4+ counts below 200 cells/µL, and 
many present with opportunistic infections. This activity reviews 
the presentation and management of cryptococcal infections in 
HIV-infected patients. Learners will review cryptococcal treatment 
strategies, the management of complications such as intracranial 
hypertension, the indicators of poor prognosis for cryptococcosis, 
and the risk factors for cryptococcal-related immune reconstitution 
inflammatory syndrome (IRIS).

Immune Reconstitution Inflammatory Syndrome in HIV-In-
fected Patients: Diagnostic and Management Challenges
by Jaime C. Robertson, MD, and Carl J. Fichtenbaum, MD

IRIS, as it pertains to HIV-infected patients, is a deterioration of the 
patient’s condition due to the restored ability to mount an inflam-
matory response to a specific pathogen, or the occurrence of an 
inflammatory condition not known to be due to a specific patho-
gen, as the result of antiretroviral therapy. This activity identifies 
the clinical criteria for the diagnosis of IRIS, reviews considerations 
for starting antiretroviral therapy in patients with opportunistic in-
fections, and presents approaches to the management of patients 
with IRIS.

HIV-Associated Cognitive Impairment
by Miguel G. Madariaga, MD, and Susan Swindells, MBBS

HIV-associated cognitive impairment remains a difficult diagnosis 
that requires the exclusion of several other conditions including 
psychiatric illness, substance use, opportunistic infection, neo-
plasia, and other causes of dementia. This case will help learners 
distinguish between the clinical manifestations of HIV-associated 
cognitive impairment and those of conditions with a similar pre-
sentation. Learners will also consider the selection of appropriate 
diagnostic tests and the clinical management of an HIV-infected 
patient with this condition.

Issues in the Care of HIV and Hepatitis C Virus–Coinfect-
ed Patients: Antiretroviral Pharmacokinetics, Drug Inter-
actions, and Liver Transplantation
by David L. Wyles, MD

An understanding of the sequelae of chronic hepatitis C virus 
(HCV) coinfection, such as antiretroviral drug intolerance and de-
compensated liver disease, is vital to the optimal management of 
coinfected patients. This presentation explains the impact of he-
patic dysfunction on antiretroviral pharmacokinetics and the effect 
of antiretroviral therapy on the natural history of HCV infection. 
Learners will also identify unique issues in liver transplantation for 
end-stage liver disease resulting from HCV coinfection.

Treatment of Hepatitis C Virus and HIV Coinfection: Se-
lecting Candidates for HCV Therapy and Managing Side 
Effects of Treatment 
by Melissa K. Osborn, MD

Treatment of hepatitis C virus (HCV) is crucial in HIV-coinfected pa-
tients to slow progression to cirrhosis and end-stage liver disease. 
This state-of-the art activity describes the differences in the re-
sponse to HCV therapy in HIV-coinfected patients compared with 
HCV-monoinfected patients. Learners will identify candidates for 
HCV therapy, management of the adverse effects of therapy, and 
treatment options for those who do not respond to peginterferon 
alfa and ribavirin therapy or who experience recurrence of active 
infection.

   COMING IN WINTER 2009!

Look for these new Cases on the Web in coming months:

Initial evaluation following HIV diagnosis •	
HIV infection and international travel•	
Preconception health care for HIV-infected patients•	

   CREDITS

These activities have been approved for AMA PRA Category 1 
CreditTM.



163

Educational Programs of the IAS–USA        Volume 16 Issue 5  December 2008

  Educational Programs of the International AIDS Society–USA
Established in 1992, the International AIDS Society–USA is a not-for-profit, HIV clinical specialist education organization. The mission of 
the International AIDS Society–USA is to improve the treatment, care, and quality of life of persons with HIV and AIDS through balanced, 
relevant, innovative, and state-of-the-art education and information for practitioners who are actively involved in HIV and AIDS care. The 
organization’s educational activities are particularly intended to bridge clinical research and patient care.

For information about any of these programs, please contact the International AIDS Society–USA.
Phone:  (415) 544-9400  •  Fax:  (415) 544-9402  •  E-mail: Registration2009”at”iasusa.org  •  Web site: www.iasusa.org
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Guidelines for Authors and Contributors

The International AIDS Society–USA pub-
lishes Topics in HIV Medicine as a resource 
for physicians and other health care prac-
titioners who are actively involved in HIV 
and AIDS care. The journal is indexed in 
Index Medicus/MEDLINE and is distributed 
to approximately 13,000 national and in-
ternational subscribers. 

The following guidelines describe the types 
of articles and contributions published in 
the journal, outline its policies, and provide 
instructions for authors. For further infor-
mation, contact Topics in HIV Medicine at 
topics2009“at”iasusa.org.

Categories of Articles

Perspectives. Perspective articles are sum-
maries of selected talks given at Interna-
tional AIDS Society–USA continuing medi-
cal education courses. An International 
AIDS Society–USA medical writer prepares 
a summary manuscript from a transcript of 
the talk. The manuscript is reviewed and ed-
ited by the specific course presenter and the 
journal’s appointed peer reviewers. 

Reviews. Topics in HIV Medicine welcomes  
original review articles on current issues in 
HIV and AIDS for consideration. Topics in HIV 
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 ab-
stract of the proposed manuscript first; please 
contact the editor for further information.

Editorials. Topics in HIV Medicine and 
its editors invite submission of editorials. 
Editorials should be approximately 500 
to 1500 words (excluding references) and 
should include numbered references.

Special Contributions. A special contribu-
tion article often represents the unique con-
tribution (such as a consensus statement) of 
an author or group of authors.

Stories. Stories for the Telling Stories col-
umn share the experiences of those in-
volved in HIV and AIDS care. Stories may 
be approximately 800 to 3500 words; un-
solicited submissions are welcome.

Commentaries. Discussion on a current is-
sue in HIV medicine is welcome as a Com-
mentary. Commentaries should be 500 to 
1500 words and include numbered referenc-
es as appropriate. Commentaries may be in-
vited by the editors; unsolicited submissions 
are also welcome for consideration.

Letters to the Editor. Letters to the editor 
are welcome and should be sent to the ad-
dress listed below.

Special Issues. Topics in HIV Medicine 
publishes 1 or 2 issues each year with a 
special focus, such as reports from recent 
scientific meetings and summaries of spe-
cial International AIDS Society–USA con-
tinuing medical education courses.

Reprints. Reprints of papers by expert 
panels convened by the International AIDS 
Society–USA are periodically included in 
Topics in HIV Medicine.

Submission of Manuscripts

Manuscripts should be submitted via e-mail 
or PC-compatible floppy disk with a double-
spaced hard copy to the address below. 
Each manuscript author should complete 
an Authorship Form, which is available  
online at http://www.iasusa.org/pub or may 
be obtained by contacting the editor at the 
address below. Outlines or abstracts of pro-
posed manuscripts are welcome and may 
be sent via mail or e-mail.

	 Editor, Topics in HIV Medicine 
	 International AIDS Society–USA 
	 425 California Street, Suite 1450 
	 San Francisco, CA  94104-2120 
	 E-mail: topics2009“at”iasusa.org

Receipt of submitted manuscripts will be 
acknowledged by editorial staff, and submis-
sions will be reviewed by peer reviewers. Ac-
ceptance for publication is based on the qual-
ity and relevance of the work.

Copyright

Copyright to manuscripts published in Topics 
in HIV Medicine is owned by the International 
AIDS Society–USA. All authors and contribu-
tors of manuscripts accepted for publication, 
with the exception of US federal government 
employees, must sign a copyright transfer 
form as a condition of publication.

Authorship Requirements

Topics in HIV Medicine uses the definition of 
authorship formulated by the International 
Committee of Medical Journal Editors and 
published in its Uniform Requirements for 
Manuscripts Submitted to Biomedical Jour-
nals.1 This definition states: “Authorship credit 
should be based on (1) substantial contribu-
tions to conception and design, or acquisition 
of data, or analysis and interpretation of data; 
(2) drafting the article or revising it critically for 
important intellectual content; and (3) final ap-
proval of the version to be published. Authors 
should meet conditions 1, 2, and 3. Acquisi-
tion of funding, collection of data, or general 
supervision of the research group, alone, does 
not justify authorship.”

Financial Disclosure

It is the policy of the International AIDS So-
ciety–USA to ensure balance, independence, 
objectivity, and scientific rigor in all of its edu-
cational programs. To that end, all authors and 
contributors of articles published in Topics in 
HIV Medicine are expected to disclose to read-
ers any significant financial interest or other re-
lationship with any organization having finan-
cial interest in the content of the manuscript. 
Financial interests include employment, con-
sultancy, honorarium, grant/research support, 
major stock ownership, and membership in 
a speakers bureau. The complete financial 
disclosure statements for all authors and con-
tributors are published with the articles.

1. International Committee of Medical Journal Ed-
itors. Uniform requirements for manuscripts sub-
mitted to biomedical journals. Updated October 
2007. Available at http://www.icmje.org. Accessed 
January 17, 2008.
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