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Abstract
Objectives—Antiretroviral (ARV) resistance is of concern. Opioid agonist treatment ( i.e.,
methadone or buprenorphine) is effective and decreases HIV transmission risk behaviors and HIV
seroconversion. Despite prevention efforts, injection drug use (IDU) and risky sexual behaviors
remain prevalent in patients receiving opioid agonist treatment. The purpose of this study is to
determine in HIV-infected patients receiving opioid agonist treatment, the prevalence of HIV
transmission risk behaviors, the prevalence of ARV resistance, and the prevalence of ARV
resistance among those with risk behaviors.

Methods—The design was a cross-sectional, study of patients recruited from opioid treatment
programs and outpatient practices. We measured demographic, drug treatment, and HIV clinical
information (including ARV adherence), self-reported HIV risk behaviors and drug use, urine
toxicologies, and genotype testing for ARV resistance (with both standard assays and Ultradeep
sequencing). Data analysis included descriptive statistics.

Results—59 subjects enrolled. 64% were male, 24% were white, and mean age was 46 years.
53% were receiving methadone and 47% buprenorphine. 80% were on opioid agonist treatment
for 12 weeks or more. 14% reported unprotected sex, 7% reported sharing needles or works, and
60% had positive urine toxicology for illicit drug use. 15% had evidence of HIV resistance by
standard genotyping, 7% with single class resistance, 3% with double class resistance, and 5%
with triple class resistance. Ultradeep sequencing found additional class resistance in 5 subjects.
22% of subjects with evidence of transmission risk behaviors vs. 14% of subjects without risk
behaviors had evidence of ARV resistance.

Conclusions—Improved prevention and treatment efforts may be needed for HIV-infected,
opioid dependent individuals receiving opioid agonist treatment to decrease transmission of ARV
resistant virus, especially in resource limited settings.
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Introduction
HIV-infected opioid dependent patients can transmit HIV by sharing injection paraphernalia
(needles and/or works) and through unprotected sex. Opioid agonist treatment (i.e.,
methadone or buprenorphine) is an effective treatment for opioid dependence that can
decrease the frequency of injection-related sharing and HIV seroconversion.(D. S. Metzger
et al., 1993; David S. Metzger, Woody, & O'Brien; Sullivan et al., 2008) HIV-infected
opioid dependent patients receiving these medications, however, may still continue to use
injection drugs and share injection paraphernalia.(Gowing, Farrell, Bornemann, Sullivan, &
Ali, 2011) In addition, opioid agonist treatment does not address sexual risk behavior in
these patients.(Gowing, et al., 2011; Sullivan, et al., 2008)

The advent of combination antiretroviral (ARV) treatment has revolutionized the care of
HIV-infected patients. ARV resistance, which is the natural response of most viruses facing
drug pressure, occurs in 10–15% of newly infected individuals and 30–50% of untreated
injection drug users (IDUs).(Kozal, 2009; Kozal et al., 2005; Kozal et al., 2004) It results
from partial HIV treatment (i.e., absence of combined ARV regimens), poor adherence to
ARV, or acquisition of a resistant viral strain from sexual activity or injection drug use
(IDU). Additionally, ARV resistance leads to poor HIV outcomes.(Kozal et al., 2007) ARV
resistance is a concern, especially in resource-limited settings where second-line ARVs are
scarce or nonexistent. A variety of strategies have been implemented to minimize ARV
resistance including resistance testing prior to initiation of ARVs, the use of high potency
therapies, promotion of medication adherence, development of new viral drug classes, and
risk behavior counseling.(Fisher, Cornman, Norton, & Fisher, 2006; Fisher et al., 2006;
Kozal, 2009; Panel on Antiretroviral Guidelines for Adults and Adolescents, January 10,
2011) Currently, six ARV classes exist and resistance can occur with every ARV agent
available. Certain mutations may render resistance to an entire class of ARV medication,
and therefore markedly limit the medication options available to certain patients.(Korthuis et
al., 2011)

The prevalence of paraphernalia sharing, unprotected sex, and antiretroviral resistance in
HIV-infected patients receiving opioid agonist treatment is unknown. The purpose of this
investigation was to determine, in HIV-infected patients receiving opioid agonist treatment,
the prevalence of the prevalence of risk behaviors (paraphernalia sharing and unprotected
sex), the prevalence of ARV resistance, and the prevalence of ARV resistance among those
with risk behaviors.

Methods
Study Design

For this cross-sectional study, patients were recruited from opioid treatment programs and
office-based practices in New Haven and Waterbury, CT. Patients were eligible for study
inclusion if they were HIV-infected, at least 18 years of age, receiving methadone or
buprenorphine for at least one month, and English or Spanish speaking. The study protocol
was approved by the Human Investigation Committee (HIC) for the Yale University School
of Medicine. Patients were compensated with a $20 gift card upon study completion.
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Data collection
We collected demographic and HIV clinical information via patient interview and chart
review. ARV adherence was assessed using a self-report instrument assessing medication
use for the prior 7 days.(Terry Beirn Community Programs for Clinical Research on AIDS,
2004) IDU paraphernelia sharing and unprotected sexual behaviors were assessed for the
prior 90 days using the AIDS/HIV Risk Inventory and the Addiction Severity Index.
(McLellan, Luborsky, Woody, & O'Brien; Sullivan et al.) Subjects were asked to quantify
number of partners and events occurring for each behavior and to report the HIV-serostatus
(HIV-infected or HIV-uninfected or status unknown) of their partners. We also reviewed
urine toxicology testing from 6-months prior (when available).

Standard DNA sequencing was used to detect HIV genotypic resistance using consensus
population sequencing of the HIV-1 pol gene.(Kozal et al.) Mutations were considered
resistant if they met criteria for ARV resistance by Stanford University HIV Database
(HIVdb) 2009 algorithm.(Stanford University, 2009) We used the Stanford HIVdb
resistance algorithm as it is a validated genotypic drug-resistance test interpretation
algorithm which is open access and has a transparent mutation genotypic susceptibility
scoring that is considered the standard in the HIV drug resistance field. (Rhee et al., 2009)
Secondary mutations or polymorphisms listed for reverse transcriptase or protease inhibitors
were not included. We also collected prior genotypic drug resistance patterns through chart
review and included these prior patterns in the assessment of ARV resistance.

Ultra-deep sequencing
HIV infections in patients exist as viral quasi-species, a collection of genetically diverse
viral variants.(Li et al., 2011; Panel on Antiretroviral Guidelines for Adults and Adolescents,
January 10, 2011) Not all the viral variants that make up the collection in a person are
detected by standard resistance assays. Therefore, we used ultra-deep sequencing techniques
(Kozal MJ, Chiarella J, & St. John EP, 2011; Simen et al., 2009) to identify and accurately
quantify minor resistant variants present at very low (<1%) levels in patient samples. (Kozal
MJ, et al., 2011; Lataillade et al., 2010; Simen, et al., 2009) Samples with adequate HIV
viral loads (typically >10,000 copies/mL) were further evaluated for low-level resistant
variants to 0.4% of the circulating viral quasi-species (Kozal MJ, et al., 2011; Lataillade, et
al., 2010) that may have been missed by standard genotyping methods.(Kozal MJ, et al.,
2011; Lataillade, et al., 2010; Li, et al., 2011; Simen, et al., 2009) Ultra-deep sequencing
was still performed on samples with HIV viral loads bellow 10,000 copies/mL, however, the
levels of mutations identified in these samples represent the proportion of sequenced PCR
amplicons containing the mutation and may or may not represent the actual proportion in the
plasma sample.(Kozal MJ, et al., 2011; Lataillade, et al., 2010)

Sample size and data analysis
A formal sample size calculation was not conducted for this cross-sectional analysis. We
anticipated a prevalence of HIV drug resistance of 10–15% in HIV treatment-naïve patients
and 30–50% in those receiving cART. (Kozal, et al., 2005; Kozal, et al., 2004; Novak et al.,
2005) and established a recruitment goal of 90 patients.

Using descriptive analyses, we explored the prevalence and frequencies of risk behaviors
including IDU focusing on sharing paraphernalia (needles and/or works) and unprotected
sex stratified by HIV-serostatus of partners (HIV-infected vs. HIV-uninfected or status
unknown); prevalence of ARV resistance; and the prevalence of standard ARV resistance
among risk behavior groups. We also report the prevalence of minor resistant variants based
on ultra-deep sequencing. Data analysis was performed using SAS version 9.2.
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Results
A total of 59 subjects were enrolled in the study. 64% of the sample were male, 32% were
white, 53% were receiving methadone and 47% were receiving buprenorphine. 80% of the
sample was on opioid agonist therapy for at least 12 weeks. Median duration of HIV disease
was 19 years and 89% were on antiretroviral medication. 32% of the sample had a
detectable viral load (Table 1).

Prevalence of paraphernalia sharing, unprotected sex, and ARV resistance
Sixty-six percent of the sample had urine toxicology results positive for ongoing illicit
substance use and 14% (n=8) of the sample reported ongoing injection drug use with four
subjects reporting sharing of needles/works for a total of 21 events in the past 90 days. Of
these, 19 events occurred with HIV-uninfected or status unknown partners and two events
occurred with HIV-infected partners. Fourteen percent of the sample reported engaging in
unprotected sexual activity in the 90 days prior for a total of 102 events. Of these events, 55
occurred with HIV-uninfected or status unknown partners and 47 occurred with HIV-
infected partners (Table 2)

Of the 59 subjects enrolled in the study, 32% (n=19) had a detectable HIV viral load
(ranging from 57–167,000 copies/mL) amenable to resistance testing. Of these, 17% of the
total sample had no evidence of resistance by standard sequencing techniques and 15% of
the total sample had evidence of resistance; 7% had single class resistance, 3% had double
class resistance, and 5% had triple class resistance (Table 3). Four subjects had resistance to
the protease inhibitor class, 6 subjects had resistance to the nucleoside reverse transcriptase
inhibitor class, and 7 subjects had resistance to the non-nucleoside reverse transcriptase
inhibitor class. Of the 19 subjects with a detectable HIV viral load, 15 were on ARVs. Of
the 9 subjects with evidence of ARV resistance by standard sequencing, all were on ARVs.

Prevalence of ARV resistance among subjects with paraphernalianelia sharing and
unprotected sex

Of the 19 events of paraphernalia sharing occurring with HIV-uninfected or status unknown
partners, seven events were reported by one subject with a detectable viral load and evidence
of antiretroviral resistance. Of the two paraphernalia events occurring with HIV-infected
partners, none of the events occurred among subjects with a detectable viral load.

Of the 55 unprotected sexual events occurring with HIV-uninfected or status unknown
partners, 29 events were reported by subjects with a detectable viral load, and 24 events
were reported by subjects with evidence of ARV resistance (Figures 1a and 1b).

Finally, we found that 22% of subjects with evidence of risk behaviors had antiretroviral
resistance while 14% of subjects with no risk behaviors had antiretroviral resistance
(p=0.62).

Ultra-deep sequencing
Out of 19 subjects with a detectable viral load, we were able to obtain ultra-deep sequencing
on 13 samples. Of these, compared to standard sequencing, ultra-deep sequencing detected
an additional class resistance in five subjects (e.g., increase from double to triple class
resistance), and seven subjects had increases in resistance to at least one new antiretroviral
drug (Table 4).
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Discussion
ARV resistance is a public health threat for both HIV-infected patients and uninfected
patients who are at risk of acquiring potentially resistant virus, especially in resource-limited
settings. Opioid agonist treatment decreases HIV transmission risk and rates of HIV
seroconversion. However, despite substantial efficacy in reducing risky behaviors, some
HIV-infected patients receiving opioid agonist treatment still engage in sharing of drug use
paraphernalia and unprotected sex, placing partners at-risk of acquiring resistant virus. We
found that among HIV-infected patients receiving opioid agonist treatment, 14% continued
to engage in unprotected sex, 7% continued to share drug use paraphernalia, 32% had a
detectable viral load, and 15% had evidence of antiretroviral resistance by standard
sequencing. Ultra-deep sequencing found additional class resistance in 5 subjects. Although
there were no differences in evidence of resistance between those with or without risk
behaviors, the relatively high prevalence of resistance in this sample of patients on opioid
agonist treatment is concerning.

The global impact of injection drug related HIV is felt most in the areas of Central, South
and Southeast Asia (e.g. China, the former Soviet Union, Russia, Vietnam). (World Health
Organization, 2010) This treatment need is being met with improved access to ARVs in
these areas. Similarly, access to opioid agonist treatment is increasing in China, Malaysia,
countries of the former Soviet Union, and Vietnam among others. Rapid introduction of
ARVs and opioid agonist treatment in developing countries without attention to the need to
implement strategies to minimize the transmission of HIV resistance, may result in
unintended consequences for resource-limited settings. (Sullivan, Metzger, Fudala, &
Fiellin, 2005) Therefore, it is imperative to target public health measures at reducing the
development and transmission of resistant virus—even among patients who are receiving
opioid agonist treatment both domestically and, perhaps more importantly, globally.

Standard assays detect drug resistant HIV if it makes up at least 20% of the collection.
Recent data suggest that minor resistant variants, constituting as little as 1% of the collection
in a patient, are clinically important as they can rapidly proliferate after the introduction of a
new antiretroviral medication and lead to treatment failure.(Kozal et al., 2006; Le et al.,
2009; Li et al.; Simons et al., 2005) Techniques such as ultra-deep sequencing, used in this
investigation, can detect these minor resistant variants.

Prior work has demonstrated the transmission of resistant virus among active injection drug
users, among HIV-infected patients in clinical care, and among patients with multidrug
resistant HIV. (Kozal, et al., 2005, 2006; Kozal, et al., 2004) Among 180 out of treatment
IDUs, 31% reported IDU within the prior month and of these, 40% reported sharing
paraphernalia, and 31% harbored resistant virus.(Kozal, et al., 2005) Similarly, among 333
HIV-infected patients in clinical care, 23% had unprotected sex in the three months prior,
and 24% had resistant HIV infection.(Kozal, et al., 2004) Among 393 patients with multi-
drug resistant HIV (defined as two or three medication class resistance), 45% of those
engaging in sexual activity reported unprotected sex and 31% had ARV resistance.(Kozal, et
al., 2006) Although, in two of these studies, as in the present study, a minority of subjects
engaged in high-risk behavior, roughly 15–30% had resistant virus and exposed a substantial
number of partners (both HIV-infected or HIV-uninfected or status unknown) to resistant
virus.

One study investigated the resistance implications of directly observed antiretroviral
treatment within a methadone maintenance treatment program compared with treatment as
usual.(Moatti et al., 2000) Directly observed therapy improved ARV adherence, decreased
HIV-viral load, and was not associated with increased ARV resistance as seen in the
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treatment as usual arm. A separate trial noted no difference in resistance with directly
observed therapy although the drug use criteria for entry were minimal and the analysis used
a modified intention-to-treat principles. Other investigations have focused on the integration
of opioid agonist treatment and HIV care but have not necessarily focused on associations
with ARV resistance.(Korthuis, et al., 2011; Rhee, et al., 2009; Simen, et al., 2009; Sullivan
et al., 2006) In addition, these studies did not focus on the association between sharing drug
use paraphernalia, unprotected sex, and antiretroviral resistance among patients maintained
on opioid agonist treatment.

Our study has some limitations. First, the sample size and recruitment from only two sites
may limit generalizability and the ability to note statistical significance in some of the
findings. Although we did not meet our recruitment goals for this study, we were able to
gain valuable information regarding the prevalence of ARV resistance among subjects
reporting risk behaviors. Additionally, our study was not designed to determine differences
in risk behaviors or ARV resistance between those receiving methadone or buprenorphine.
Because of the cross-sectional nature of the study, we were only able to assess associations
between sharing of drug use paraphernalia, unprotected sex, and ARV resistance among
patients on opioid agonist treatment and can not speculate on causality. Although our
assessment of ARV adherence is an accepted standard(Terry Beirn Community Programs
for Clinical Research on AIDS, 2004), it is self-reported and may not reflect the true nature
of adherence. Despite these limitations, we did find that HIV-infected, opioid dependent
individuals on opioid agonist treatment continued to engage in drug use paraphernalia
sharing and unprotected sex and have evidence of ARV resistance placing several partners at
risk of acquiring resistant virus. Noted strengths of our study include the long duration of
HIV disease among subjects, detailed information about injection and sexual risk behaviors,
inclusion of archived resistance patterns based on historic genotypes, and use of ultra-deep
sequencing techniques to examine minor resistant variants.

Conclusions
In conclusion, we found that ongoing risk behaviors place HIV-uninfected partners at risk of
acquiring resistant virus and HIV-infected individuals at risk of acquiring new viral strains.
Improved prevention and treatment efforts may be needed for HIV-infected opioid
dependent patients receiving opioid agonist treatment to decrease transmission of
antiretroviral resistance, especially in the resource-limited settings-- such as the 15 resource-
limited countries with high HIV/AIDS prevalence rates highlighted in the President’s
Emergency Plan for AIDS Relief (PEPFAR) initiative-- often where ARVs and opioid
agonist treatments are being introduced simultaneously.
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Table 1

Patient characteristics, N=59

Characteristic, % (n) Value

Male 64 (38)

Age in years, mean (sd) 46 (6.9)

White 32 (19)

Black 39 (23)

Methadone 53 (31)

Buprenorphine 47 (28)

% on OAT for ≥ 12 weeks 80 (47)

Years of HIV diagnosis, median (range) 19 (1–29)

Receiving ARV 89 (49)

   100% adherence to ARVs, % (n/N) 71 (35/49)

Detectable viral load 32 (19)

CD4 count, median (range) 433 (18–1744)
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Table 2

Prevalence of paraphernalia sharing and unprotected sex, N=59

Total
% of sample
# of events
(n subjects)

HIV-uninfected or
status unknown

partners
# of events
(n subjects)

HIV-infected partners
# of events
(n subjects)

Sharing needles/works 7%
21 (4)

19 (2) 2 (2)

Unprotected sex 14%
102 (8)

55(5) 47 (4)
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Table 3

Prevalence of ARV Resistance by standard genotype testing, N=59

Resistance % (n)

Undetectable viral load 68% (n=40)

Detectable viral load
(range 57–167,000 copies/mL)

32% (n=19)

   ARV Resistance

     None 17% (n=10)

     Resistance 15% (n=9)

       Single class 7% (n=4)

       Double class 3% (n=2)

       Triple class 5% (n=3)
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Table 4

Comparison of detection of class mutations by standard genotypic sequencing and ultra-deep sequencing;
N=13

Subject Standard sequencing Ultra-deep sequencing

1 WT PI, NRTI, NNRTI

2 PI, NRTI, NNRTI PI, NRTI*

3 NRTI NRTI,NNRTI

4 WT WT

5 NRTI WT*

6 NNRTI PI, NRTI, NNRTI

7 WT WT

8 WT WT

9 WT NNRTI

10 NNRTI NRTI, NNRTI

11 PI, NRTI, NNRTI PI, NRTI, NNRTI

12 PI, NRTI, NNRTI PI, NRTI, NNRTI

13 WT WT

Abbreviations used in table: WT=wildtype, PI=protease inhibitor mutation, NRTI=nucleoside reverse transcriptase inhibitor mutation,
NNRTI=non-nucleoside reverse transcriptase inhibitor mutation.

*
Ultra-deep sequencing detected fewer mutations than standard sequencing in two samples.
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