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A B S T R A C T   

Background: The introduction of illicitly made fentanyl in the United States has slowly replaced heroin. New 
illicit drugs are often associated with changes in frequency and modes of administration. We assessed changes in 
injection frequency and smoking fentanyl in the new era of fentanyl availability in San Francisco. 
Methods: We used targeted sampling to recruit 395 people who inject drugs (PWID) into an observational cohort 
study in San Francisco 2018–2020. We assessed changes in injection frequency, opioid injection frequency and 
fentanyl smoking frequency in four six-month periods. We also conducted qualitative interviews with PWID 
asking about motivations for injecting and smoking opioids. 
Results: The median number of past-month injections steadily decreased by semi-annual calendar year from 92 
injections in July to December 2018 to 17 injections in January to June 2020. The rate of opioid injections 
reduced by half (Adjusted Incidence Rate Ratio = 0.41; 95 % Confidence Interval = 0.25, 0.70; p < 0.01). The 
number of days smoking fentanyl was associated with fewer number of injections (X2(2) = 11.0; p < 0.01). 
Qualitative interviews revealed that PWID’s motivation for switching from injecting tar heroin to smoking 
fentanyl was related to difficulties accessing veins. After switching to smoking fentanyl, they noticed many 
benefits including how the drug felt, improved health, fewer financial constraints, and reduced stigma. 
Conclusion: Between 2018 and 2020, there was a shift from injecting tar heroin to smoking fentanyl in San 
Francisco. Reductions in injection of illicit drugs may offer public health benefit if it reduces risk of blood-borne 
viruses, abscesses and soft-tissue infections, and infective endocarditis.   

1. Introduction 

There are an estimated six million people who have injected drugs 
(PWID) in the United States (Bradley et al., 2020; Lansky et al., 2014; 
Tempalski et al., 2013) and 15.6 million PWID globally (Degenhardt 
et al., 2017). Injection drug use is associated with transmission of blood 
borne infectious diseases such as HIV (Des Jarlais et al., 1985, 2020) and 
viral hepatitis (Girardi et al., 1990; Rashti et al., 2020; Sharhani et al., 
2021), as well as abscesses and other soft tissue infections (Binswanger 
et al., 2000; See et al., 2020), and infective endocarditis (Kadri et al., 
2019). Reducing the number of people who inject drugs and the number 
of times people inject drugs are public health goals, given the health 

complications associated with injection drug use. Public health cam-
paigns in Scotland, Spain, and Australia in the 1990s aimed to convince 
PWID to switch to non-injectable routes of administration (Bridge, 2010; 
Dolan et al., 2004; Wodak, 1997). One study in Germany in 2012 
showed it was possible to have people switch to smoking if safe con-
sumption sites provided free sterile aluminum foil (Stover and Schaffer, 
2014). However, these recommendations have been difficult for people 
to heed, as there are many reasons why people inject their drugs as 
opposed to other modes of administration. 

Modes of administering drugs have long been dependent on the 
motivations for using drugs, types of drugs used, and drug market 
availability (Harris et al., 2015; Syvertsen et al., 2016) and cost (Swift 
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et al., 1999). For most substances, bioavailability is highest when 
injected, making injection the most economical choice, an important 
factor when drugs are scarce or expensive relative to income. Others 
value the fast onset of injected drugs, which can be particularly 
important in situations where people are in drug withdrawal (Bluthen-
thal et al., 2020; Valente et al., 2020). The type of drug solution can also 
dictate modes of administration. For example, for many decades, heroin 
in the Western United States has consisted of a tar-like substance that is 
hard to administer in any way other than injection (Ciccarone, 2009; 
Roth et al., 2017). 

The frequency with which people inject drugs can also be dependent 
upon the types of drugs they use. For example, people who inject cocaine 
tend to inject more times per day than people who inject methamphet-
amine or heroin (Ciccarone and Bourgois, 2016; Hyshka et al., 2012). 
People who use fentanyl appear to use it more frequently than people 
who use heroin because it has a shorter duration of action (Buresh et al., 
2019; Geddes et al., 2018; Kim et al., 2020; Lambdin et al., 2019; Zibbell 
et al., 2021). The types of drugs used also confer risk for infectious 
diseases, overdoses, and soft tissue infections (Hyshka et al., 2012; Ivsins 
et al., 2020; Lambdin et al., 2019; Rhodes et al., 2007). 

Given that types of drugs can dictate modes and frequency of 
administration, shifts in drug markets can be an important contributing 
factor to the prevalence of injection. The transition from smoking opium 
to injecting heroin in southeast Asia in the 1970s was driven by policing 
practice and price changes (Westermeyer, 1976). The shift in the drug 
market from powder cocaine to crack cocaine reduced drug injection 
significantly in the United Kingdom and Spain in the 1990s (Barrio et al., 
1998; Hunter et al., 1995), and Montreal, Canada in the early 2010s 
(Roy et al., 2012). In the US in the 2010s, the tightening regulation of 
opiate pills led to a surge in heroin use, which increased the number of 
PWID (McCabe et al., 2020). 

With the US illicit opioid market having made a momentous shift 
towards illicitly made fentanyl in the mid-2010s, there have been 
devastating increases in related overdose mortality (Mattson et al., 
2021). We reported recently that fentanyl use was increasing among 
PWID in Los Angeles and San Francisco and found that nonfatal over-
dose increased among those using fentanyl (Lambdin et al., 2019). 
During this period, San Francisco California has had a 270 percent in-
crease in opioid-related overdose mortality from 2018 to 2020 (259 
opioid overdose fatalities in 2018, 442 in 2019, and 699 in 2020) 
(Thadani, 2021). The proportion of overdose deaths that involved fen-
tanyl in San Francisco increased from 16 % in 2017 to 34 % in 2018, 54 
% in 2019, and 72 % in 2020 (Rodda, 2021). It is important to learn 
whether these recent changes in the drug market have impacted the 
mode of administration, including injection. We conducted a mixed 
methods observational study to assess changes in the prevalence of in-
jections and smoking of fentanyl among PWID in the context of growing 
fentanyl availability during 2018–2020. 

2. Methods 

Data analyzed in this study were collected using an exploratory 
sequential mixed method study design, which included quantitative and 
qualitative community-based methods. Using targeted sampling, we 
recruited 395 PWID in San Francisco, California (Kral et al., 2010; 
Watters and Biernacki, 1989). Participants completed quantitative in-
terviews at baseline, 6 and 12 months from 2018 to 2020. Qualitative 
data collection (N = 21) took place before, during, and following 
quantitative data collection to help with quantitative instrument design, 
provide rich description of social dynamics relating to domains being 
explored quantitatively, and to provide context for quantitative find-
ings. Fentanyl smoking was discussed in qualitative interviews 
throughout the study. Qualitative interview participants included PWID 
and key informants involved in providing services to PWID. All methods 
were approved by an Institutional Review Board at the University of 
California San Diego. 

2.1. Quantitative research procedures 

Study participants were recruited using targeted sampling methods 
in San Francisco (Watters and Biernacki, 1989). These methods provide 
similar sample composition to respondent-driven sampling (Kral et al., 
2010). Study eligibility at baseline included (1) being 18 years or older, 
(2) having injected illicit drugs in past 30 days, as verified by visual 
inspection of injection stigmata (Cagle et al., 2002), and (3) providing 
competent informed consent. All participants provided informed con-
sent prior to data collection. There were no refusals by anyone who 
presented at the field site and was eligible. To help track study partici-
pants during the study, they were asked to provide name, address, phone 
numbers, social media handles, and other ways to be contacted, along 
with consent for us to contact them. 

Baseline, 6-month, and 12-month interviews were conducted face-to- 
face by trained interviewers who read questions aloud and entered an-
swers directly into a computer-assisted personal interviewing program 
(Blaise, Statistics Netherlands, The Hague, Netherlands). After shelter- 
in-place ordinance was instituted due to COVID-19 pandemic in 
March 2020, the remaining 12-month interviews were conducted by 
phone. The surveys included questions about demographics, drug use, 
and social and medical services utilization. Participants were remuner-
ated $20 for completing the baseline, $30 for completing the 6-month 
and $30 for completing the 12-month follow-up surveys. Participants 
were able to complete their follow-up surveys up to three months after 
their scheduled appointment. In order to facilitate retention, we also had 
participants stop by the field office once every month during the study in 
order to update their contact information and collect an additional $10 
for taking the time to do so. Baseline data collection occurred between 
July 2018 and June 2019. 

2.2. Quantitative study measures 

We collected socio-demographic variables including age, gender 
(female, male, transgender), race/ethnicity (white, Latinx, Black, Asian/ 
Pacific Islander, Native American, and mixed race), sexual identity 
(heterosexual, bisexual, gay), and homeless (yes or no). We collected 
extensive drug use data for past 30 days including injection frequency, 
types of drugs injected, and sharing injection equipment. For each of the 
following drugs or drug combinations, we asked how many days in the 
past 30 days did they use the drug without injecting and how many times 
in the past 30 days did they inject the drug: heroin, heroin mixed with 
fentanyl, fentanyl and other fentanyl analogs, speedball (admixture of 
heroin and cocaine), goofball (admixture of heroin and methamphet-
amine), powder cocaine, crack cocaine, methamphetamine, prescription 
opiates, prescription stimulants, sedatives, benzodiazepines, metha-
done, and buprenorphine. Fentanyl-specific questions were not added 
until January 2019, which means we do not have data on those variables 
during the first 6-month period. While we did not ask the specific mode 
of administration when people were asked about non-injected fentanyl 
use, our qualitative research indicated that people either inject or smoke 
fentanyl in San Francisco. As such, our operational definition of smoking 
fentanyl is “non-injected use of fentanyl.” 

2.3. Quantitative analysis 

Interview data were used to address three main research questions: 
(1) During the time-period 2018–2020, did PWID significantly reduce 
their monthly frequency of drug injections and frequency of opioid in-
jections? (2) During the time-period 2019–2020, did PWID who use 
opioids increase the number of days they smoke fentanyl, and (3) Was 
injection frequency associated with number of days smoking fentanyl? 

To assess changes over time, we divided the two years of data 
collection into four six-month time-periods: July to December 2018, 
January to June 2019, July to December 2019, and January to June 
2020. We summarized the number of injections and days of fentanyl use 
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in past 30 days by time-period, regardless of whether the observation 
was a baseline, 6-month, or 12-month interview. To assess the potential 
for retention bias, supplemental analysis involved assessing whether the 
injection frequency distribution differed within each time-period by 
type of interview (baseline, 6-month, and 12-month) as well as 
comparing the distribution of injection frequency at baseline between 
participants who did and did not complete a follow-up visit using Wil-
coxon rank-sum tests. 

To answer Research Question 1, we compared the rate of injections 
and rate of opioid injections between calendar time periods using 
negative binomial generalized estimating equation (GEE) models, given 
the skewed distribution in reported number of injections. To answer 
Research Question 2, we used a Poisson GEE model with a log link built 
to compare the proportion of people using opioids who smoked fentanyl 
over the time-periods (Chen et al., 2018; Zou, 2004). We employed a 
negative binomial GEE model to compare the rate of smoking fentanyl 
(days in past month) over time-periods. To answer Research Question 3, 
we assess whether the number of days smoking fentanyl was associated 
with the number of times injecting drugs using a negative binomial GEE 
model with a log link, including an interaction between time-period and 
number of injections. All GEE models were estimated using robust 
standard errors and an unstructured working correlation structure, and 
adjusted for interview type (baseline, 6-month, or 12-month), age, and 
current enrollment in a substance use treatment program. Statistical 
significance was pre-determined at p < 0.05 for all analyses. All analyses 
were carried out using Stata 16.1 (StataCorp, College Station, Texas, 
USA). 

2.4. Qualitative data collection 

Key informants were recruited either via social service agencies 
providing services to PWID, by being referred from the quantitative arm 
of the study, or (for syringe services program workers) via ‘dear 
colleague’ email recruitment. Interviews took place before, during, and 
after quantitative analysis, with the final five interviews conducted in 
December 2020-January 2021 specifically addressing issues emerging 
from our quantitative analysis. We used purposeful sampling methods to 
select information-rich cases to contextualize the quantitative analysis. 
Information rich cases are those from which one can learn a great deal 
about issues of central importance to the purpose of the research (Pat-
ton, 1990). Qualitative interviews were conducted with PWID and ser-
vice providers. Inclusion criteria therefore were having injected drugs in 
the last 30 days, being 18 years of age or older and willingness to provide 
informed consent for PWID. For key informant interviews with service 
providers, inclusion criteria were working for a harm reduction service 
provider and willingness to provide consent. Interviews were between 
20−60 min long. Most were conducted in person (with social distancing 
for interviews conducted post−COVID-19) with two conducted via 
video. Key informants were remunerated $20 for their contribution to 
the research. Interviews were audio-recorded and transcribed verbatim. 

2.5. Qualitative analysis 

Interviews utilized a brief ‘probe sheet’ listing topics of particular 
interest. The probe sheet was iteratively modified throughout the data 
collection period to allow follow-up on issues emerging from earlier 
interviews and to incorporate new topics of interest which emerged from 
quantitative findings. Among related topics, we asked questions about 
motivations for switching from injecting tar heroin to smoking fentanyl, 
the benefit and disadvantages of smoking fentanyl, and the types of 
fentanyl respondents were buying and using. All transcripts were read in 
their entirety and analyzed using an inductive analysis approach 
(Thomas, 2006). As themes emerged theoretical memos were written 
that included direct quotes from transcripts that contextualize partici-
pants’ drug use experiences. 

3. Results 

3.1. Quantitative findings 

There were 395 participants enrolled. Retention in the study was 81 
% (n = 322) at 6-months (January 2019 to February 2020) and 77 % (n 
= 305) at 12-months (July 2019 to June 2020). The sample consisted of 
a quarter cis-women, 19 % African American, 14 % Latinx, the vast 
majority considered themselves to be homeless (86 %), and the median 
age was 39 years old (interquartile range (IQR) 32–50, Table 1). Almost 
all (88 %) had injected opioids at least once in the 30 days prior to 
enrollment. The distribution of injection frequency at enrollment did not 
differ by loss to follow-up (z = -0.44; p = 0.66). 

3.1.1 Research Question 1. The median number of injections steadily 
decreased by semi-annual calendar year from 92 in July to December 
2018 (IQR 45–120) to 65 in January to June 2019 (IQR 18–100), 25 in 
July to December 2019 (IQR 4–90) and 13 in January to June 2020 (IQR 
0–90, Table 2). The distribution of injection frequency in each time- 
period was similar when we stratified by visit (January to June 2019: 
z = 1.659, p = 0.10; July to December 2019: z = 0.341; p = 0.73). The 
rate of past-month injection frequency in January to June 2020 was 
estimated to be half the rate of injecting drugs in July to December 2018 
(adjusted incidence rate ratio [Adj IRR] = 0.46; 95 % CI = 0.30, 0.72; p 
< 0.01). Likewise, the rate of opioid injections reduced by half (Adj IRR 
= 0.41; 95 % CI = 0.25, 0.70; p < 0.01). 

3.1.2 Research Question 2. Among participants who used opioids, 
the proportion reporting smoking fentanyl did not change appreciably 
from January 2019 – June 2020 (X2(2) = 0.01; p = 0.99); approximately 
50 % smoked fentanyl within each 6-month time period. However, 
among those who reported any smoking of fentanyl, the adjusted inci-
dent rate of days of non-injected fentanyl use during the past month in 
January to June 2020 was 1.7 times the rate in January to June 2019 
(Adj IRR = 1.71; 95 % CI 1.09, 2.68; p = 0.02; Table 3). In January to 
June 2019, 14 % of people using opioids reported smoking fentanyl 
every day of the past month. During the same period one year later, 28 % 
of people using opioids smoked fentanyl every day. 

3.1.3. Research Question 3. The number of days smoking fentanyl 

Table 1 
Demographics of people who inject drugs in San Francisco at baseline, 2018- 
2020 (N = 395).   

N (%) 
Total 395 (100) 
Age – mean, median (range) 41, 39 (20−72) 
Female 97 (25) 
Latinx 55 (14) 
Race1   

White 275 (70) 
Black 82 (21) 
Asian/Pacific Islander 9 (2) 
Native American or Alaskan Native 34 (9) 
People experiencing homelessness or who are marginally 

housed 
340 (86) 

Years of injection drug use – mean, median (IQR) 19, 16 (7−30) 
Ever participated in substance use treatment 277 (70) 
Currently enrolled in substance use treatment program 108 (27) 
Ever sentenced to jail or prison 336 (85) 
Substance use in the past 30 days   
Injected opioids 349 (88) 
Heroin or heroin mixed with other drugs 267 (68) 
Cocaine (powder or crack) 218 (55) 
Methamphetamine 288 (73) 
Opiate pills 102 (26) 
Tranquilizers or sedatives 149 (38) 
Stimulant pills 21 (5) 
Enrollment period   
Jul-Dec 2018 190 (48) 
Jan-Jun 2019 205 (52) 
1Multiple responses allowed    
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was significantly associated with fewer number of injections over time 
(test for interaction between time period and number of injections: X2(2) 
= 11.0; p < 0.01). Fig. 1 depicts the change in median number of opioid 
injections and days smoking fentanyl over time among those who re-
ported smoking fentanyl. 

3.2. Qualitative findings 

During qualitative interviews with PWID, they noted that their 
motivation for switching from injecting tar heroin to smoking fentanyl 
was related to their difficulties finding easily accessible veins and 
needing injection assistance. 

“What happened was it was getting harder and harder for me to 
[inject] myself and I was having to rely on other people to [inject] 
me, having to pay them, and people get irritated when I’d ask them 
to do that. And it was just easier for me to go and buy some fentanyl 
and smoke it and get high as f___ and not bother anybody to [inject] 
or have to pay anybody to [inject] me or whatnot… I was doing 
heroin and fentanyl, heroin when I was around somebody that could 
[inject] me and fentanyl when I wasn’t, and then gradually I went all 
over to fentanyl.” 

After switching from injecting heroin to smoking fentanyl, they 
noticed many benefits ranging from how the drug felt to improved 
health, fewer financial constraints, and reduction in stigma. In terms of 
how the drug felt, they reported that when injecting tar heroin, they 
would inject the whole drug solution at once, making for a bolus of drug 
effect immediately that would slowly dissipate with time. By switching 
to fentanyl, they could smoke a little bit all day long, making for a more 
even drug effect. One participant described it as follows: 

“It’s when you smoke it, it’s more of a controlled way of getting– 
you’re not just taking one, like big like amount and just having it hit 
you all at once. When smoking it, it’s paced. When you shoot it, 

Table 2 
Number of times people injected drugs in last 30 days in San Francisco 2018-2020.  

Period Obs* Median Interquartile Range Mean SD Adj IRR1 95 % CI p-value 
July-December 2018 190 90 (45–120) 95.6 74.7 Ref – – 

January-June 2019 353 60 (18–100) 71.5 69.8 0.74 (0.62, 0.87) <0.01 
July-December 2019 297 25 (4–90) 49.4 63.3 0.53 (0.39, 0.72) <0.01 
January-June 2020 178 12.5 (0–90) 46.0 67.2 0.46 (0.30, 0.72) 0.01  
* Obs = number of observations; Includes baseline, 6-month, and 12-month observations. Data were missing for two observations (participant didn’t know). 
1 Adj IRR = adjusted incident rate ratio; estimated using negative binomial GEE with unstructured correlation, adjusting for visit type (baseline, 6-month, 12- 

month), participant’s age, and currently enrolled in substance use treatment program. Ref = referent. 

Table 3 
Among participants who used opioids, the proportion who reported smoking 
fentanyl and reported number of days smoked fentanyl in last 30 days.   

Proportion smoking fentanyl Days smoking fentanyl 
(among those who smoke) 

Period Adj 
RR 

95 % CI p- 
value 

Adj 
IRR2 

95 % CI p- 
value 

January-June 
2019 

Ref – – Ref   

July-December 
2019 

0.99 (0.76, 
1.28) 

0.92 1.40 (1.03, 
1.90) 

0.03 

January-June 
2020 

0.96 (0.65, 
1.43) 

0.84 1.71 (1.09, 
2.68) 

0.02  

1 RR = relative risk (i.e. prevalence of fentanyl smoking); estimated using 
Poisson GEE with unstructured correlation, adjusting for visit type (baseline, 6- 
month, 12-month), participant’s age, and currently enrolled in substance use 
treatment program. Ref = referent. 

2 Adj IRR = adjusted incident rate ratio; estimated using negative binomial 
GEE with unstructured correlation, adjusting for visit type (baseline, 6-month, 
12-month), participant’s age, and currently enrolled in substance use treat-
ment program. Ref = referent. 

Fig. 1. Median number of opioid injections and median days smoked fentanyl in the past 30 days among people who inject drugs in San Francisco who reported 
smoking fentanyl. 
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there’s no way to be able to like, you can’t just like hold your arm 
and let some of the shot go, you know what I mean? Like when 
smoking it, you can pace yourself, you know when to not–I don’t 
know. It’s just a more controlled way to do it.” 

Participants spoke at length about how they felt healthier after 
transitioning from injecting tar heroin to smoking fentanyl. The most 
noticeable positive health effect was the reduction in abscesses and soft 
tissue infections. 

“But I feel it’s really gotten better for as far as my veins, taking care of 
my veins and my body. I [no longer] get abscesses. No more ab-
scesses. And also no more scarring, like I don’t have the track marks. 
I don’t have to hide those or anything.” 

They also spoke about the dangers of overdosing when injecting 
fentanyl. 

“You can still OD [when smoking], for sure. But it’s almost like 
guaranteed that you’re going to OD when you shoot it. If you don’t 
have a tolerance to it, or it’s not something like if I shot it, even 
though I smoke it, if I tried to shoot it, I would probably OD because I 
don’t have that tolerance of that, like, all-at-once hit that it is.” 

Another reported benefit of switching from injecting tar heroin to 
smoking fentanyl is financial. One woman described in detail the eco-
nomic relief she has experienced since switching from injecting heroin to 
smoking fentanyl: 

“See, this is like I think turning to fentanyl was probably the most 
fiscally responsible decision I’ve made as a drug user because if you 
have $10 and you buy $10 worth of heroin, that heroin will only get 
me high one time and then I would have to buy more. But the $10 for 
the fentanyl, I can smoke on that for the rest of the night. So it lasts a 
lot longer and I can use it a lot more frequently and share it also with 
my friends more because the heroin I could only use it for just one 
time and that’s it. It’s definitely drawn out. I guess it makes it so I’m 
able to stay well a lot more than when I was on heroin especially, it 
was a lot more of a struggle to stay on top of that before. But now on 
fentanyl, my money goes a lot further.” 

Participants spoke about how transitioning from injecting tar heroin 
to smoking fentanyl also helped reduce the stigma associated with the 
act of injection and the visible scars on limbs associated with injection. 
One person talked about how reducing this potential stigma helps with 
job opportunities. 

“Question: Anything else you can think of in terms of benefits of 
smoking over injecting? 
Answer: The way people look at you. I feel like that, that stigma is a 

little less harsh when it comes to smokers. To whip out a foil on the street 
and take a hit is not so frowned upon like, [taking out] a needle and 
taking a shot. And I’m definitely not the type of person that would 
normally let that bother me, but I’m 31 years old and I’ve got this 
amazing opportunity to, like, work. Stuff like that, which I didn’t have. 
And like it’s making me realize that I’m capable of doing more than just 
being a junkie.” 

Participants clearly stated they currently prefer smoking fentanyl to 
injecting tar heroin. Beyond the aforementioned benefits, now that they 
have started smoking fentanyl, injecting tar heroin was no longer 
desirable because it no longer produced the same physiological effects as 
it had prior. We were told by one man that “I do like heroin better, but 
the problem with that is, because of the fentanyl habit, when I do a shot 
of heroin, I don’t feel it anymore. It blocks the entire feeling, kind of like 
methadone.” They spoke about negative physiological effects of using 
tar heroin after having switched to smoking fentanyl: 

“Question: And how come you don’t inject heroin anymore? 

Answer: At first, I would just buy a little fentanyl with my heroin. 
And then I started just buying a little heroin with my fentanyl, and 
then I just didn’t even like the heroin anymore. I started having a 
reaction to it. The last time I did shoot heroin, my face got all puffy 
and swelled up. And the pins and needles felt horrible. I felt like, ‘ew, 
I can’t believe I did this for so long.’” 

We interviewed a syringe services program provider that provides 
sterile aluminum foil for people to use for smoking drugs. She said 
“Even with foil, it’s hard to [provide enough aluminum] foil, that’s 
how fast it’s going out the door. So it’s that issue. So we’re looking at 
how we can make it happen at the [syringe services program] … so as 
to not overwhelm the staff.” 

To assess whether the transition from injecting heroin to smoking 
fentanyl is occurring throughout the United States, we asked drug eth-
nographers, researchers, and syringe service providers in 17 cities 
around the US in December 2020 (See acknowledgments section for 
personal communications). While our informants in five California cities 
all acknowledged that many people have started smoking fentanyl in 
their city, none of the informants in other states indicated that smoking 
fentanyl is widespread. One of the potential reasons for the stark dif-
ference by geographical area could be that the fentanyl drug solution 
may be different in California. As such, we asked the people who smoked 
fentanyl about the fentanyl they were purchasing and using. In San 
Francisco, our participants informed us that there are four different 
colors of fentanyl powder: purple, pink, yellow and blue. They reported 
that some colored fentanyl powders are better for smoking while others 
are better for injecting. 

“The blue is the most potent, then it would be the purple, pink, and 
then the yellow. The yellow is the best for smoking because of the 
way it burns. It’s more of an oily based substance. And then the 
purples and the blues burn up a lot faster but they’re a lot–they’re not 
cut so much because it’s the cut that makes it oily.” 

4. Discussion 

Our quantitative results suggest the number of injections has been 
decreasing precipitously among PWID in San Francisco from 2018 to 
2020. During the same period, we found that among PWID who use 
fentanyl, the number of days they smoke fentanyl has increased. We 
received data on the number of syringes provided by the largest syringe 
services program in San Francisco during our study period. They pro-
vided fewer syringes in January to June 2020 (n = 1,479,976) than in 
the previous three semi-annual periods (1,727,777 in July to December 
2018, 1,903,005 in January to June 2019, and 1,717,482 in July to 
December 2019; Personal Communication Ro Giuliano, San Francisco 
AIDS Foundation, January 27, 2021). Because decreasing injection drug 
use trends does not necessarily mean that smoking increased, we con-
ducted several qualitative interviews with PWID to learn more about 
this. Our qualitative data showed that PWID have switched from 
injecting tar heroin to smoking fentanyl because it is hard for them to 
find veins in which to inject after many years of injecting tar heroin. 
Once they switched to smoking fentanyl, they observed many benefits 
from an even high to less abscesses, less stigma, and less cost. We learned 
that health and cost are bigger drivers of the switch from injecting tar 
heroin to smoking fentanyl than the effects of the drug. 

Key informants mentioned that a benefit of switching from injecting 
heroin to smoking fentanyl was less abscesses. Abscesses/soft tissue 
infections are highly prevalent among PWID in tar heroin markets 
(Binswanger et al., 2000; Mars et al., 2016). Public health practitioners 
have unsuccessfully advocated for PWID to switch to non-injected routes 
of administration to reduce infectious disease risk (Bridge, 2010; Dolan 
et al., 2004; Wodak, 1997). Drug markets are often the most powerful 
agents of health change for PWID, both negative and positive. Switching 
from injection of heroin to smoking fentanyl in California may 
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inadvertently stem infectious disease transmission and abscesses (Cen-
ters for Disease, C., Prevention, 2001). Local syringe services programs 
started providing aluminum foil and glass bubble pipes in 2019. The two 
programs we interviewed both reported it has been hard to keep 
smoking equipment stocked as many people are requesting them. 
Smoking drugs presents a potential risk for exacerbating COPD and 
transmitting respiratory illnesses such as COVID-19 if pipes are shared 
(Burhan et al., 2019; Harris, 2020; Hulin et al., 2020; Mehta et al., 2020; 
Nightingale et al., 2020). By providing sterile smoking paraphernalia, 
harm reduction programs help attenuate the risk of viral transmission 
(eg. COVID-19 and hepatitis C). 

Overdose mortality increased by 270 percent in San Francisco during 
the study period(Thadani, 2021). While our data cannot distinguish 
whether opioid overdose mortality increases are related to increases in 
smoking fentanyl, this steep increase in opioid overdose mortality in San 
Francisco requires urgent attention. To assess whether mode of fentanyl 
administration is associated with fentanyl overdose mortality would 
require a large prospective cohort study of people who use fentanyl. The 
overdose education and naloxone distribution program in San Francisco 
(the DOPE Project) has increased its volume of trainings and naloxone 
distribution. California should also implement numerous safe con-
sumption sites, which have been proven to eliminate overdose deaths on 
site internationally and in the U.S. (Kral et al., 2020; Marshall et al., 
2011). These sites should include safe smoking rooms, given the increase 
in fentanyl smoking. Passage of California Senate Bill 57 would allow 
San Francisco, Los Angeles, and Oakland to implement safe consumption 
sites (Wiener et al., 2020). 

Interviews with drug researchers and harm reduction service pro-
viders in numerous cities throughout the United States indicate that the 
switch from injection to smoking fentanyl is mainly occurring in Cali-
fornia. It is not known whether this is due to a different fentanyl product 
in California that is easier to smoke, although it is worth noting that 
heroin smoking does not appear widespread in the US (Ciccarone, 
2019). Heroin in California is sold as tar heroin, which is a low-soluble, 
gummy substance (Ciccarone, 2009). Fentanyl is sold as a powder 
product distinct from tar heroin in San Francisco. Key informants 
explained that there are four types of powder fentanyl in San Francisco, 
distinguished by color, but also by whether it was oily when heated, 
which they felt made it easier to insufflate. It is possible that fentanyl in 
the California illicit drug market is uniquely cut with powders that make 
it easier to burn and insufflate. On the East Coast, there have been re-
ports that fentanyl is adulterated with the veterinary tranquilizer xyla-
zine (Johnson et al., 2021). There needs to be continual surveillance of 
the substances that are part of drug solutions in all geographic regions, 
something that can be done through testing using Fourier-transform 
infrared spectroscopy (Ti et al., 2020). 

These findings support a more nuanced approach to drug use 
epidemiology. To adequately understand how drug form/type in-
fluences routes of administration and frequency of use, we need to begin 
asking new questions. Items worth considering include asking about 
form (powder, fluid, lump), color of powder, and reported potency of 
drugs (Mars et al., 2018). Further, we need to address the availability of 
smoking supplies for people who use drugs, and to assess the potential 
negative consequences of non-injection routes of administration. For 
instance, there a several case reports that associate consumption of 
heroin by heating on foil and inhaling with negative clinical outcomes 
(Alambyan et al., 2018; Cordova et al., 2014; Gossop et al., 2004; 
Griffiths et al., 1994; Long et al., 2003; Pizzey and Hunt, 2008; Yala-
manoglu and Schuurmans, 2018). 

Limitations which need to be considered when interpreting the data 
in this study are as follows. First, the cohort study is subject to selection 
bias as participants were not randomly selected. PWID comprise a 
population that cannot be randomly sampled in community-based 
studies due to drug use being illegal and stigmatized. Targeted sam-
pling methods are commonly used to sample PWID and attempt to be as 
representative as possible (Kral et al., 2010). Second, there is potential 

for retention bias, though retention was around 80 % at both six and 12 
months. We found no differences in injection frequency by study visit 
within each time-period, and baseline frequency of injections among 
those lost to follow-up was comparable to those who completed 
follow-up. Third, the data is self-reported, which means it is subject to 
biases from recall and social desirability. However, there is no reason to 
believe such bias would be differential by time-period. Fourth, we did 
not specifically ask about smoking or insufflating fentanyl, but rather 
assessed non-injected fentanyl use. In our qualitative interviews with 
people who smoke fentanyl and people who work at syringe service 
programs confirmed that fentanyl pills or patches are virtually 
non-existent in the black market in San Francisco, leading us to believe 
that all non-injected fentanyl was smoked. Fifth, the qualitative data 
from people who use drugs is from a small number of people and is by no 
means deemed representative or generalizable. It is meant to provide 
context to our quantitative data. Lastly, this study was only conducted in 
one city, limiting its generalizability. Studies in other cities should 
consider conducting similar analyses. 

Our study suggests there has been a significant reduction in the 
number of injections among PWID in San Francisco between 2018 and 
2020 with PWID transitioning from injecting heroin to smoking fentanyl 
as a potential explanation. Our qualitative data indicates that this 
transition from injecting to insufflation is driven by health and economic 
concerns more than a desire for the unique drug effects smoking fentanyl 
provides. Shifting away from injection of illicit drugs may offer potential 
public health benefit as it could reduce the risks of transmitting blood- 
borne viruses and morbidity related to abscesses and soft-tissue in-
fections. While reductions in injection and uptake of smoking fentanyl 
appear to be local to California, it is worth investigating the extent to 
which this is occurring through the U.S. and in other countries. It will 
also be important to learn why these new trends in drug use appear to be 
local to California. We need to investigate risks associated with smoking 
fentanyl. Harm reduction programs should start to provide clean safer 
smoking supplies (Leonard et al., 2008; Prangnell et al., 2017). Safe 
consumption sites should be implemented and need to include venti-
lated smoking areas. 
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