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Abstract

Introduction—Injection drug use (IDU) remains a significant public health problem. IDU has 

been associated closely with the opioid crisis; driving overdose, HIV, and Hepatitis C (HCV) 

infection nationwide. Syringe services programs (SSPs) remain pivotal evidence-based 

interventions to reduce harm and engage subgroups of people who inject drugs (PWID). This 

study aims to provide policy considerations from the IDEA SSP, the first legal SSP in the state of 

Florida.

Methods—We performed a latent class analysis on patterns of substance use among participants 

(N = 982) newly enrolled in a syringe services program (SSP). Associations between classes of 

substance use and sociodemographic variables, risky injection and sex behaviors, HIV/HCV status 

and syringe coverage were analyzed using the R3STEP and BCH 3-step procedures in latent class 

regression.

Results—We found a three-class solution: Heroin-Dominant class (73.9%), Methamphetamine-

Dominant class (9.5%) and Heroin/Cocaine class (16.6%). Compared to Heroin-Dominant class, 

the Heroin/Cocaine class were more likely to report homelessness, sharing works, unprotected sex, 

public injection, and to be HCV positive. Compared to both Heroin-Dominant and Heroin/Cocaine 

classes, the Methamphetamine-Dominant class were more likely to be male, Hispanic, gay or 

bisexual orientation, HIV positive, to report unprotected sex and sex with PWID. In addition, the 

lowest and highest syringe coverage were among those in the Heroin/Cocaine and 

Methamphetamine-Dominant classes, respectively.
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Conclusion—Existing interventions among this population to mitigate infectious disease risk, 

such as SSPs, can be a used to engage differing PWID populations. However, multi-component, 

targeted preventive interventions and need-based syringe distribution policies are required to 

further reduce HIV and HCV risk among various PWID populations.
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1. Introduction

People who inject drugs (PWID) experience increased morbidity and mortality, including 

drug-related overdose, blood-borne viral infections and bacterial infections. In 2018, the 

State of Florida recorded the highest number of new HIV cases and new AIDS diagnoses in 

the United States (U.S.)(CDC, 2019). Three metropolitan areas in Florida were among the 

top ten areas across the U.S. for HIV incidence, with Miami-Fort Lauderdale-West Palm 

Beach recording the most diagnoses (CDC, 2019). The Florida Department of Health has 

reported that injection drug use was a dominant risk factor in approximately 6% of new HIV 

diagnoses in 2017 (Florida Department of Health Surveillance Report, 2018). However, 

PWID accounted for 9% of HIV diagnoses and 13% of AIDS diagnoses nationally in 2018 

(CDC, 2019). Increases in injection drug use have the potential to be a catalyst in rapidly 

spreading HIV among PWID, as demonstrated recently in outbreaks in Indiana, 

Massachusetts, Washington, and Miami (Alpren et al., 2020; Cranston et al., 2019; Golden 

et al., 2019; Peters et al., 2016; Tookes et al., 2019). In addition to injection-related risk, 

prevalence of sex work to generate income has increased, posing additional risk for HIV 

infection (Baral et al., 2014; Kerr et al., 2016). With the lifetime treatment cost of one HIV 

infection estimated to be $379,668, HIV acquisition among PWID continues to be a 

significant public health concern (Schackman et al., 2015).

In addition to the risk of HIV transmission, IDU is currently the most common means of 

hepatitis C (HCV) transmission in the U.S., with an estimated 80% of all new infections 

attributable to injection drug use (Zibbell et al., 2018; Zibbell et al., 2015). In addition, there 

has been a 350% national increase in acute HCV from 2010–2016, seen in part due to the 

nation’s opioid crisis (Zibbell et al., 2018). Currently, there are an estimated 151,000 

individuals living with HCV in the State of Florida (Rosenberg et al., 2018). Although the 

current state of new HCV infections has been linked to opioid injection, non-opioid related 

substance use has also been implicated in HCV transmission, specifically injection of 

methamphetamine (Cunningham et al., 2015).

Prior studies have suggested that the potential risks associated with injection drug use may 

differ by type of drug injected. A study in Eastern Europe determined that people who 

primarily use stimulants, including amphetamines, had a lower association of HIV infection 

compared to people who inject opioids within the two cities sampled (Tavitian-Exley, 

Maheu-Giroux, et al., 2018). People who inject multiple substances engage in more injection 

and sexual risk behaviors, and are at higher risk for HIV compared to mono-substance using 

PWID (Meacham et al., 2018; Tavitian-Exley, Boily, et al., 2018). Prior data from our 
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syringe services program (SSP) in Miami, Florida has illustrated that participants use many 

different substances, including heroin, cocaine, and methamphetamine (Iyengar, Kravietz, 

Bartholomew, Forrest, & Tookes, 2019).

In 2019, Florida passed the Infectious Disease Elimination Act (IDEA), which authorizes 

individual counties to opt into establishing SSPs. Over 30 years of research have supported 

the effectiveness of SSPs for HIV prevention (Fernandes et al., 2017), engagement for 

substance use treatment (Bluthenthal, 2001), and overdose prevention (Barocas, Baker, Hull, 

Stokes, & Westergaard, 2015). With this expansion policy, it is imperative to analyze 

existing programs in the state to better understand how to improve SSP implementation and 

policies that impact SSP operation and effectiveness. Currently, the only legal SSP in Florida 

is the IDEA SSP, formerly a pilot program at the University of Miami authorized under the 

2016 Infectious Disease Elimination Act. Under past and current legislation, SSPs must 

follow a strict one-for-one syringe exchange distribution method—a method that has 

demonstrated reduced effectiveness in decreasing risk for HIV/HCV infection (Bluthenthal, 

Anderson, Flynn, & Kral, 2007). Participants must provide a used syringe for enrollment 

into the program where each participant is given a base set of 10 syringes in return. After 

this baseline enrollment visit, participants are only given the number of syringes disposed of 

at that exchange visit. Given the high incidence of new HIV diagnoses in Miami-Dade 

County, the diversity of substances reportedly being injected (Iyengar et al., 2019), and the 

change in policy landscape, the population of PWID at the Miami SSP provides a unique 

opportunity to examine risk and syringe coverage under the restrictive one-for-one exchange 

policy.

One methodology commonly used to assess subpopulations of substance use and risk is an 

extension of finite mixture modeling called latent class analysis (LCA). LCA allows for the 

identification of not directly observable classes of individuals based upon multiple observed 

characteristics that members of a heterogenous group share in common (McCutcheon, 

1987). LCA has been employed to examine how individuals with different patterns of 

substance use differ in sexual risk behavior (Trenz et al., 2013); to classify people who use 

substances into low, middle, and high risk classes for HIV infection based on drug use and 

sexual behaviors (Feaster et al., 2016; Noor, Ross, Lai, & Risser, 2014); and to elucidate 

drug network composition based on type and route of administration of cocaine and heroin 

(Kuramoto, Bohnert, & Latkin, 2011). LCA also has been applied to uncover patterns of 

drug use differing in co-morbid pathologies (Monga et al., 2007); identify subgroups of 

people who use substances to identify more specific interventions to reduce harm (Meacham 

et al., 2015), and determine subpopulations of people with non-injection use of heroin and 

cocaine and identified risks related to acquiring HIV and HCV (Harrell, Mancha, Petras, 

Trenz, & Latimer, 2012). Recent studies have explored drug use typologies and the role of 

polysubstance use as it pertains to overdose and take-home naloxone (Gicquelais et al., 

2019; Schneider et al., 2020). Polysubstance use has also been associated with increase in 

injection frequency (Leri, Stewart, Tremblay, & Bruneau, 2004) and syringe lending (Voon 

et al., 2015), suggesting an increased need for access to SSP services among those using 

multiple substances. This study aims to use LCA to identify specific injection drug use 

patterns among SSP participants and assess how these classes relate to risk behaviors, 

HIV/HCV status, and, most importantly, syringe coverage. We hypothesized that different 
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risk profiles for the acquisition of HIV and HCV exist depending on which substances are 

primarily injected (Tavitian-Exley, Vickerman, Bastos, & Boily, 2015), and that these classes 

would differ in ability to maintain sufficient syringe coverage through SSP utilization.

2. METHODS

2.1 Human Subjects—This study was determined not to be human subjects research by 

the Institutional Review Board of the University of Miami (IRB #20190740) due to the use 

of anonymous program data as part of routine pilot program evaluation.

2.2 Setting—The Miami SSP was established December 2016 as the first legal SSP in 

the State of Florida, authorized as a five-year pilot program. It operates primarily from a 

fixed site but also has a mobile outreach unit. Participants are provided with new syringes 

and injection equipment, as well as naloxone and an array of wraparound services.

2.3 Study Sample—We studied participants (N = 982) who enrolled in the Miami SSP 

fixed site between December 2016 and July 2019. Data from the mobile SSP site was not 

used in this analysis due to incomplete data. At initial enrollment into the program, 

participants received rapid HIV and HCV testing, along with a 15-minute behavioral 

interview performed by SSP staff. This baseline assessment included sociodemographics, 

injection-related risk behaviors, drug use and sexual risk. All study data were collected and 

managed using REDCap (Harris et al., 2009) electronic data capture tools hosted at the 

University of Miami Department of Public Health Sciences.

Measures

2.4 Latent Class Indicators—As part of the assessment of drug use at baseline, 

participants were asked by the interviewer “In the past 30 days, what drugs have you 
injected?” Participants were asked to choose as many drugs as were applicable from the 

following list: heroin, prescription painkillers, cocaine, methamphetamine, crack-cocaine, 

speedball (a mixture of heroin and cocaine), and fentanyl/carfentanil. These seven drug 

indicators were used in the LCA to determine class membership.

2.5 Socio-Demographics—Socio-demographic measures included age (continuous), 

gender (male vs. female), race/ethnicity (Non-Hispanic White, Non-Hispanic Black, 

Hispanic), education level (high school education or less vs. higher education degree beyond 

high school), income (less than $15,000/year vs. more than $15,000/year), health insurance 

(Medicaid, Medicare, Private), housing status (currently homeless vs. not homeless) and 

sexual orientation (gay or bisexual vs. heterosexual).

2.6 Risk Behaviors—Risky injection-related practices included overdose (“Have you 
ever overdosed due to injection drug use” and dichotomized to ever overdosed while 

injecting vs. never overdosed while injecting), frequency of injection in the previous 30 days 

(more than 7 times/day vs. less than 7 times/day), reusing syringes in the previous 30 days 

(any vs. no reusing), receptive or distributive sharing of works (i.e., needles, syringes, 

cottons, cookers) in the previous 30 days (any vs. no sharing), private (i.e., in home) 
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injection in the previous 30 days and public (i.e., street, park, sidewalk) injection in the 

previous 30 days.

Risky sexual practices included self-reported unprotected sex in the previous 30 days 

(yes/no) and having sex with a person who injects drugs in the previous 30 days (yes/no).

2.7 HIV/HCV status—At initial enrollment into the SSP, participants were offered a 

rapid HIV test via fingerstick using OraQuick Advance® Rapid HIV-1/2 Antibody test or 

Chembio SURE CHECK® HIV 1/2 Assay and a rapid HCV test via fingerstick using 

OraQuick® HCV Rapid Antibody Test. Participants also were asked to self-report current 

HIV and HCV status. Both self-reported and biological test data for HIV and HCV were 

used in the analysis.

2.8 Syringe Coverage Estimates—Using the methods for calculating syringe 

coverage estimates presented in Bluthental et al., 2007, we developed an adapted 

methodology to determine syringe coverage. Currently, by statute, the IDEA SSP must 

provide strict one-for-one exchange of syringes. Syringe coverage would ideally be 

measured as the percentage of injections in which a new syringe was used, with a score of 

100 implying that a participant has a new, unused needle for each injection. To estimate this 

percentage, the number of days between each participant’s visits was calculated and 

multiplied by the participant’s self-reported average injections per day in the previous 30 

days at baseline to create the expected number of injections between visits. Because 

responses for average injections in a day were in binned categories, less then daily, 1–2 

times, 3–4 times, 5–7 times, 8–10 times, 11–15, and >15 times a day, both the lower and 

upper cut points of the client’s bin were used to make a lower and upper bound for number 

of injections between exchange visits. The number of syringes given during that specific 

time was divided by the estimated number of injections during that same time period and 

multiplied by 100% to produce a syringe coverage estimate between visits per participant 

(100% coverage equals one syringe received for each estimated injection). The equation for 

syringe coverage can be seen below:

Syringe Coverage Estimate Equation: = #of syringes recieved at previous visit
reported #of injections per dayX #of daysbetween excℎange visits

× 100

The median syringe coverage based on both the lower and upper cut point for each 

participant over the time using the program was calculated and used in the analysis. In 

addition, the average number of syringe exchange visits (specifically to exchange syringes) 

was calculated.

2.9 Statistical Analysis—Latent Class Analysis (LCA) was used to explore and define 

the injection drug use profiles of SSP participants engaging in program services for the first 

time (i.e., initial enrollment). These observed variables tend to be correlated; however, LCA 

uses this correlation to identify different latent classes, assuming that indicator variables are 

uncorrelated, conditional on class membership.
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Class enumeration was done without covariates by estimating models with increasing 

numbers of classes until the sample size in each latent class was considered to be too small 

for practical interpretation (less than 5% of the total sample size) and/or information criteria 

showed worse model fit. To ensure the models converged to the global maximum, 500 

random starts and 100 replicated likelihoods were used for each model. Model fit statistics 

for each of the models were used to determine the model that best fit the data, including 

entropy (Celeux & Soromenho, 1996) and penalized information criteria (i.e., Bayesian 

Information Criteria (BIC), Akaike’s Information Criteria (AIC) (Vrieze, 2012)) and 

bootstrapped likelihood ratio tests (BLRT)(Asparouhov & Muthén, 2012; Feng & 

McCulloch, 1996).

Once the best-fitting class structures were determined, a 3-step approach using the R3STEP 

procedure (Asparouhov & Muthén, 2014) was used to examine between-class differences 

among the covariates without changing class structure. Associations of between-class 

covariate predictor effects were assessed using unadjusted odds ratios. In addition, the BCH 

procedure (Asparouhov & Muthén, 2014) was used to determine the mean difference in 

upper and lower syringe coverage between latent classes. The BCH and R3Step methods 

avoid shifts in latent class and evaluate differences in the means across determined classes. 

All LCA data modeling was performed using Mplus version 8 (Muthén & Muthen, 2017), 

and significance was set at an alpha of 0.05.

3. RESULTS

3.1 Description of Overall Sample—The overall sample included in this analysis 

were 982 SSP participants that enrolled into the program between December 2016 and July 

2019. Descriptive statistics of the sample can be found in Table 1. Majority of the 

participants were male (75.3%), non-Hispanic White (54.9%) and reported heroin use 

(75.9%). In addition, 37.8% had reported being currently homeless when enrolling into the 

SSP.

3.2 Class Membership—We selected a latent class model that identified 3 classes of 

PWID as the optimal model for our data. Comparisons among model fit indices are 

presented in Table 2. The 3-class model presented the lowest BIC score (BIC=5718.94). 

Although the 4-class model had a lower SA-BIC (5631.93vs. 5645.89) compared to the 3-

class model, the 3-class model had the greatest entropy among all models (entropy = 0.82) 

and the 4-class solution had one class below 5% of the sample. This taken together (lowest 

BIC, sufficient entropy, and class sample size), a 3-class model was chosen.

In the 3-class model, the largest class contained 73.9% (n = 726) of the participants in the 

total sample. This class was comprised of individuals who had a high probability of 

reporting heroin injection (81%) but low (<20%) probability of reporting injection of any of 

the other drugs. This class was named the Heroin-Dominant Injection class. The smallest 

class consisted of 9.5% (n = 93) of the total sample size. This class was comprised of 

individuals who had a 100% probability of reporting methamphetamine injection and 0% 

probability of reporting prescription opioid, speedball, crack-cocaine and fentanyl injection. 

In addition, this class had very low levels of heroin (10%) and cocaine (8%) injection, so this 

Bartholomew et al. Page 6

Int J Drug Policy. Author manuscript; available in PMC 2021 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



class was determined to be the Methamphetamine-Dominant Injection class. The final class 

consisted of 16.6% (n = 163) of the total sample. This class was comprised of individuals 

who reported a high probability of heroin (91%), cocaine (82%), speedball (71%) and crack-

cocaine (40%) injection. This class also had the highest probabilities compared to the other 

classes for prescription opioids (9%) and fentanyl (28%) injection. Based on these posterior 

probabilities, this class was determined to be the Heroin/Cocaine Injection class (see Figure 

1).

Characteristics of the Latent Classes

3.3 Socio-Demographics—Table 3 provides the associations between membership in 

the three classes and sociodemographic characteristics. Compared to both the Heroin-
Dominant (HD) Injection class and the Heroin/Cocaine (HC) Injection class, individuals in 

the Methamphetamine-Dominant (MD) Injection class were more likely to be male 

(ORMD/H=7.3 [2.4– 22.3], ORMD/HC=7.7 [2.4–25.0]), higher education (ORMD/HD=3.6 

[2.0–6.3], ORMD/HC=5.1 [2.7–9.8]), higher income (ORMD/HD=1.9 [1.1–3.0], 

ORMD/HC=2.8 [1.6–5.1]), report gay or bisexual orientation (ORMD/HD=36.3 [19.4– 68.1], 

ORMD/HC=25.0 [12.5–50.0]) and less likely to be homeless (ORMD/HD=0.6 [0.3–0.96], 

ORMD/HC=0.19 [0.1–0.4]). The Methamphetamine-Dominant Injection class was more 

Hispanic (ORMD/HD=1.96 [1.2–3.2]) compared to the Heroin-Dominant Injection class and 

more likely to have private insurance (ORMD/HC=3.6 [1.5–8.3]) compared to the Heroin/
Cocaine Injection class. Compared to the Heroin-Dominant Injection class, the Heroin/
Cocaine Injection class was more likely to be homeless (ORHC/HD=2.9 [1.9–4.6]) and less 

likely to have private insurance (ORHC/HD=0.5 [0.2–0.98]).

3.4 Risk behaviors—Drug and injection-related risk behaviors varied across all three 

classes. Compared to both the Heroin-Dominant Injection class and the Heroin/Cocaine 
Injection class, individuals in the Methamphetamine-Dominant Injection class were more 
likely to report injecting in a private home (ORMD/HD=6.0 [2.8– 12.5], ORMD/HC=11.1 

[5.0–25.0]), unprotected sex (ORMD/HD=4.6 [2.7– 7.9], ORMD/HC=2.9 [1.6–5.6]) and sex 

with a PWID (ORMD/HD=7.5 [4.5–12.5], ORMD/HC=3.9 [2.1–7.1]). In addition, those in 

the Methamphetamine-Dominant Injection class were less likely to report ever overdosing 

(ORMD/HD=0.6 [0.4–0.98], ORMD/HC=0.4 [0.2–0.7]), injecting more than 7 times a day 

(ORMD/HD=0.5 [0.3–0.9], ORMD/HC=0.4 [0.2–0.8]), reusing their syringes (ORMD/

HD=0.2 [0.1–0.3], ORMD/HC=0.1 [0.1–0.3]), sharing works (ORMD/HD=0.4 [0.2–0.8], 

ORMD/HC=0.2 [0.1–0.3]) and injecting in public (ORMD/HD=0.4 [0.2–0.8], ORMD/HC=0.1 

[0.03–0.1]). Compared to the Heroin-Dominant Injection class, individuals in the Heroin/
Cocaine Injection class were more likely to report sharing works (ORHC/HD=2.8 [1.8–4.3]), 

public injection (ORHC/HD=5.8 [3.6–9.3]), unprotected sex (ORHC/HD=1.6 [1.0–2.4]) and 

sex with a PWID (ORHC/HD=1.9 [1.2–3.0]). In addition, those in the Heroin/Cocaine 
Injection class were less likely to report injection in a private home (ORHC/HD=0.5 [0.3–

0.8]) compared to Heroin-Dominant Injection class.

3.5 HIV/HCV status—HIV and HCV infection statuses varied greatly between the three 

classes. Sensitivity analysis results for self-report, biological testing, and combined 

measures are presented in Supplemental Table 1. The Heroin-Dominant Injection class had a 
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baseline HIV and HCV prevalence of 6% and 46%, respectively; the Methamphetamine-
Dominant Injection class had a baseline HIV and HCV prevalence of 53% and 14%, 

respectively; and the Heroin/Cocaine Injection class had a baseline HIV and HCV 

prevalence of 6% and 57%, respectively. Compared to both the Heroin-Dominant Injection 
class and the Heroin/Cocaine Injection class, those in the Methamphetamine-Dominant 
Injection class were more likely to be HIV positive (ORMD/HD=22.7 [12.5–41.4], 

ORMD/HC=20.0 [8.3–50.0]), but less likely to HCV positive (ORMD/HD=0.2 [0.1–0.4], 

ORMD/HC=0.1 [0.1–0.2]). In addition, the Heroin/Cocaine Injection class were more likely 

to be HCV positive (ORHC/HD=1.7 [1.1–2.7]) than the Heroin-Dominant Injection class.

3.6 Syringe Coverage between Classes—Table 4 provides the mean SSP visits and 

syringe coverage estimates between the three latent classes. Overall, the Heroin-Dominant 
Injection class had an average of 12.2 visits, followed by the Heroin/Cocaine Injection class 

(10.0) and the Methamphetamine-Dominant class (7.1). The lower mean coverage for the 

Methamphetamine-Dominant Injection class was 93.2% (SE=15.1%) and the upper mean 

coverage was 185.5% (SE=30.4%). The lower mean coverage for the Heroin/Cocaine 
Injection class was 24.7% (SE=6.3%) and the upper mean coverage was 34.6% (SE=8.8%). 

For the Heroin-Dominant Injection class, the lower mean coverage was 40.4% (SE=3.9%) 

and the upper mean coverage was 67.8 (SE=7.6%). The Methamphetamine-Dominant 
Injection class had higher mean coverage in the lower (χ2=17.40, p <0.001) and upper 

(χ2=22.69, p <0.001) estimates compared to the Heroin/Cocaine Injection class and the 

Heroin-Dominant Injection class [lower (χ2=11.11, p =0.001) and upper (χ2=13.75, p 
<0.001)]. Furthermore, the Heroin/Cocaine Injection class had a lower mean coverage 

whether measured as the lower cut-off of cells (χ2=3.83, p =0.05) or the upper cut-off 

(χ2=6.84, p =0.009) estimates compared to the Heroin-Dominant Injection class.

4. DISCUSSION

This study provides important comparative data on the differences in demographic 

characteristics, risk behaviors and syringe coverage among PWID with different patterns of 

substances injected. Demographics are similar to other reports on PWID in Miami, with the 

majority male in their 30s. However, black PWID are underrepresented at the IDEA fixed 

site (Levine et al., 2019). Our experience in Miami has shown that mobile strategies are 

more effective in reaching the black PWID community (Iyengar et al., 2019). The Heroin-
Dominant Injection class contained the majority of the Miami SSP participants. Compared 

to the other two classes, the smaller Methamphetamine-Dominant Injection class was much 

more likely to be men who have sex with men and from higher socioeconomic status. 

Additionally, the Methamphetamine-Dominant Injection class was more likely to be HIV 

positive at baseline while less likely to be HCV positive and share syringes, suggesting high-

risk sexual behavior may be the driver of baseline HIV infection among this class. This 

observation is consistent with the longer half-life of methamphetamine requiring less 

frequent injection, as well as disinhibited sexual behavior and condomless anal intercourse 

which has a significant association with methamphetamine use and HIV infection (Forrest et 

al., 2010).
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The Heroin/Cocaine Injection class appeared to have the riskiest drug use behaviors, and 

higher risk sexual behaviors than the Heroin-Dominant Injection class. Most importantly, 

compared to the Methamphetamine-Dominant Injection and Heroin-Dominant Injection 
classes, those in the Heroin/Cocaine Injection class were more likely to report syringe 

sharing and public injection location. Higher rates of overdose, receptive syringe sharing, 

and arrest (Hunter et al., 2018; Marshall, Kerr, Qi, Montaner, & Wood, 2010; Small, Rhodes, 

Wood, & Kerr, 2007) have been observed among PWID who inject in public. In addition, 

recent research has demonstrated that experiencing homelessness is a risk factor for public 

injection (Trayner et al., 2019). These findings suggest that harm reduction efforts targeted 

at these high-risk activities are needed among PWID who inject multiple substances. In 

addition to higher rates of overdose in the Heroin/Cocaine Injection class, 28% reported 

injection of fentanyl. Introduction of fentanyl and analogues into the drug supply in Miami 

in 2016 led to a sharp increase in opioid overdose deaths by 88% (FDLE, 2019). These 

findings highlight the critical need for policies authorizing SSPs and targeted naloxone 

distribution for individuals at higher risk of overdose.

Additionally, the Heroin/Cocaine Injection class was more likely to have HCV than the 

Heroin-Dominant Injection and Methamphetamine- Dominant Injection classes. This result 

is concerning because HCV infection is a harbinger for HIV infection among PWID who 

report injection equipment sharing (Ramachandran et al., 2018), suggesting need for a 

targeted approach to members of the Heroin/Cocaine Injection class. Furthermore, results of 

the syringe coverage estimate reveal that the majority of clients served at the IDEA SSP do 

not maintain sufficient coverage, with the lowest coverage of syringes among the Heroin/
Cocaine Injection class. In addition, the Methamphetamine-Dominant Injection class had, on 

average, the fewest number of visits; however, they maintained the highest syringe coverage. 

This finding highlights the shortcomings of the existing strict one-for-one policy that applies 

statewide, and suggests the importance of implementing need-based syringe distribution 

policies at new and existing SSPs in order to decrease HIV acquisition due to syringe 

sharing (Bluthenthal et al., 2007; Kerr et al., 2010).

In the context of the recent HIV outbreaks in Massachusetts, Washington, Miami and 

Indiana (Cranston et al., 2019; Golden et al., 2019; Peters et al., 2016), our findings suggest 

that members of the Heroin/Cocaine Injection class have the highest risk of HIV acquisition 

due to syringe sharing and might require additional, targeted interventions to prevent HIV 

infection. PWID in the Heroin/Cocaine Injection class had the highest odds of being 

currently homeless, a risk factor consistent with the Seattle and Lowell/Lawrence outbreaks 

(Cranston et al., 2019; Golden et al., 2019). At the Miami SSP in 2018, after implementation 

of routine HIV/HCV screening every three months, there were seven confirmed acute HIV 

seroconversions leading to an epidemiologic investigation with the Florida Department of 

Health. All of the acute cases investigated reported use of multiple substance, including 

speedball (Tookes et al., 2019). Cities that already have harm reduction programs such as 

SSPs could benefit from increased HIV testing, outreach and, importantly, need-based 

syringe distribution policies to people experiencing homelessness and people who inject 

multiple substances, and this multicomponent prevention strategy may help mitigate HIV 

outbreaks.
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4.1 Limitations

There are several limitations to this study. First, the LCA focuses on a single SSP in one city 

and may not be directly generalizable to other settings. However, the identification of these 

classes may be helpful to other jurisdictions experiencing HIV outbreaks in similar patient 

populations. Second, the data is self-report and subject to social desirability and recall bias. 

In this case the data was anonymous and surveys were conducted by trusted SSP staff in 

confidential settings, limiting potential bias in our study. Additionally, although HIV and 

HCV status were determined by rapid test or by self-report, 67% of participants had a HIV 

rapid antibody test at baseline and 61% had an HCV rapid antibody test, and sensitivity 

analysis revealed measure stability. Importantly, HCV antibody testing only indicated 

exposure to HCV and chronic HCV infection was not confirmed, but exposure is indicative 

of risk as determined by this behavioral analysis. Finally, we only measured seven different 

drugs to generate the injection drug use classes, which may not capture all drugs being 

injected among this population. In addition, non-injection related drug use indicators were 

not collected by the SSP, which could provide more information regarding drug use. 

However, insufflation and smoking of substances has decreased risk of HCV compared to 

IDU and no risk of HIV transmission (Scheinmann et al., 2007). Nonetheless, taken 

together, this LCA suggests the potential importance of interventions tailored to different 

groups of PWID to effectively respond to the current substance use crisis.

5. CONCLUSIONS/IMPLICATIONS

The application of LCA and other advanced research techniques can help shed light on at-

risk groups in order to inform syringe distribution policies and potential interventions. The 

injection risk profiles and syringe coverage varied between the classes, presenting a potential 

need for targeted prevention strategies and increased need for reform to the strict one-for-

one syringe exchange policy at the state level. The overall goal for SSPs is to provide as 

close to 100% syringe coverage as possible to all clients served to protect against HIV and 

HCV infection. Other syringe transaction policies, such as needs-based syringe exchange, 

need to be implemented through policy reform in order to provide sufficient coverage to SSP 

clients.
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Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Three class solution for LCA of 982 syringe services program participants. Estimated 

probabilities for past-month substance injection are graphed on class membership.
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Table 1.

Descriptive Statistics of the Study Sample (N=982)

Characteristic N (%)

Age (mean, SD) 37.5 (10.6)

Gender

 Male 734 (75.3)

 Female 241 (24.7)

Race/Ethnicity

 Non-Hispanic White 520 (54.9)

 Non-Hispanic Black 50 (5.3)

 Hispanic 376 (39.7)

Educational Attainment

 Less than High School 478 (49.4)

 Greater than High School 489 (50.6)

Income (annual)

 <$14,999 478 (53.5)

 >$15,000 415 (46.5)

Homeless

 Currently homeless 350 (37.8)

 Not currently homeless 577 (62.2)

Drugs Injected

 Heroin 746 (75.9)

 Prescription Opioids 70 (7.1)

 Cocaine 281 (28.6)

 Methamphetamine 157 (16.0)

 Crack-Cocaine 90 (9.2)

 Speedball 179 (18.2)

 Fentanyl/Carfentanil 153 (15.6)

Injection Frequency

 Less than Daily 88 (9.3)

 1–2 times a day 211 (22.2)

 3–4 times a day 277 (29.2)

 5–7 times a day 211 (22.2)

 8–10 times a day 95 (10.0)

 11–15 times a day 28 (3.0)

 >15 times a day 40 (4.2)

Disease Status

 HIV-positive 98 (10.2)

 HCV-positive 419 (44.4)
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Table 2.

Model Fit Statistics and Entropy for 1-Class through 4-Class models

Information Criteria 1-Class 2-Class 3-Class 4-Class

N Free Parameters 7 15 23 31

N Classes 1 2 3 4

AIC
a 6026.84 5789.06 5606.48 5578.81

BIC
b 6061.06 5862.40 5718.94 5730.39

SABIC
c 6038.83 5814.76 5645.89 5631.93

Entropy --- 0.72 0.82 0.72

LL
d −3006.42 −2879.53 −2780.24 −2758.41

BLRT
e --- −3006.4 (p<0.001) −2879.5 (p<0.001) −2780.2 (p<0.001)

Chi-Square 1866.74 436.73 198.48 123.33

df 120 112 104 96

p value <0.001 <0.001 <0.001 0.032

Number in Each Class

Class 1 982 (100%) 157 (16%) 93 (9.5%) 42 (4.3%)

Class 2 --- 825 (84%) 163 (16.6%) 93 (9.5%)

Class 3 --- --- 726 (73.9%) 304 (30.9%)

Class 4 --- --- --- 543 (55.3%)

Note. Bolded values indicate optimal fit among the four models.

a
AIC = Akaike Information Criteria

b
BIC = Bayesian Information Criteria

c
SaBIC = Sample-Adjusted Bayesian Information Criteria

d
LL = Log Likelihood

e
BLRT = Bootstrapped likelihood ratio test
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Table 3.

Socio-Demographic, Injection risk, Sexual risk and HIV/HCV infection associations among injection 

substance use classes
a

Characteristic Heroin/Cocaine Use vs. 
Heroin- Dominant Use

Methamphetamine-Dominant Use 
vs. Heroin-Dominant Use

Methamphetamine-Dominant Use 
vs. Heroin/Cocaine Use

Demographics OR (95% CI) OR (95% CI) OR (95% CI)

Age 0.99 (0.97–1.01) 1.01 (0.99–1.03) 1.02 (0.99–1.04)

Gender (male vs. female) 0.94 (0.59–1.51) 7.34 (2.41–22.34) 7.69 (2.44–25.00)

Race/Ethnicity

(Non-Hispanic Black vs. 
Non-Hispanic White)

1.32 (0.51–3.41) 1.12 (0.35–3.49) 0.83 (0.22–3.23)

(Hispanic vs. Non-Hispanic 
White)

1.47 (0.94–2.29) 1.96 (1.21–3.15) 1.33 (0.75–2.38)

Educational Attainment 0.69 (0.45–1.06) 3.57 (2.04–6.25) 5.12 (2.68–9.78)

Annual Income 0.66 (0.42–1.03) 1.85 (1.14–3.03) 2.81 (1.56–5.08)

Health Insurance

No Insurance 1.35 (0.88–2.09) 0.37 (0.23–0.61) 0.27 (0.15–0.50)

Medicaid 0.53 (0.24–1.16) 1.03 (0.53–1.99) 1.96 (0.76–5.00)

Medicare 1.80 (0.79–4.12) 1.48 (0.57–3.84) 0.82 (0.28–2.38)

Private 0.46 (0.22–0.98) 1.63 (0.96–2.80) 3.57 (1.54–8.33)

Experiencing homelessness 2.94 (1.90–4.56) 0.56 (0.32–0.96) 0.19 (0.10–0.36)

Sexual Orientation 1.38 (0.72–2.64) 36.31 (19.35–68.11) 25.00 (12.50–50.00)

Risk Behaviors

Ever Overdose 1.50 (0.96–2.33) 0.61 (0.38–0.98) 0.41 (0.23–0.72)

Amount Injecting per day 1.26 (0.82–1.94) 0.52 (0.31–0.89) 0.42 (0.23–0.77)

Reused syringes 1.30 (0.78–2.15) 0.17 (0.10–0.28) 0.13 (0.07–0.25)

Sharing works 2.78 (1.80–4.28) 0.41 (0.22–0.78) 0.15 (0.07–0.30)

Private (in home) injection 0.52 (0.34–0.80) 5.95 (2.83–12.49) 11.11 (5.00–25.00)

Public injection (street, park) 5.75 (3.58–9.25) 0.38 (0.19–0.75) 0.07 (0.03–0.14)

Unprotected Sex 1.58 (1.03–2.41) 4.60 (2.70–7.85) 2.94 (1.56–5.56)

Sex with PWID 1.93 (1.23–3.01) 7.52 (4.51–12.51) 3.85 (2.13–7.14)

Disease Status

HIV-positive 1.09 (0.42–2.85) 22.71 (12.47–41.38) 20.00 (8.33–50.00)

HCV-positive 1.73 (1.12–2.67) 0.18 (0.09–0.36) 0.10 (0.05–0.22)

Note.

a
Associations are presented as unadjusted odds ratios with 95% confidence intervals

Note. Bolded values indicate p <0.05.
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Table 4.

SSP visits and Syringe Coverage Estimates between Substance Use Latent Classes

Variable Meth-Dominant Use Heroin/Cocaine Use Heroin-Dominant Use

Number of Visits (mean, SE) 7.09 (SE=1.14) 10.0 (SE=1.87) 12.2 (SE=0.87)

Lower Coverage Estimate (%, SE) 93.2% (SE=15.1%) 24.7% (SE=6.3%) 40.4% (SE=3.9%)

Upper Coverage Estimate (%, SE) 185.5% (SE=30.4%) 34.6% (SE=8.8%) 67.8% (SE=7.6%)

Class Comparisons Lower Coverage (mean) Chi-squared (χ2) Upper Coverage (mean) Chi-squared (χ2)

Meth-Dominant vs. Heroin/Cocaine 93.2% vs. 24.7% 17.40 (p<0.001) 185.5% vs. 34.6% 22.69 (p<0.001)

Meth-Dominant vs. Heroin-Dominant 93.2% vs. 40.4% 11.11 (p=0.001) 185.5% vs. 67.8% 13.75 (p<0.001)

Heroin/Cocaine vs. Heroin-Dominant 24.7% vs. 40.4% 3.83 (p=0.05) 34.6% vs. 67.8% 6.84 (p=0.009)
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