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Abstract

Background

People who inject drugs may be at elevated SARS-CoV-2 risk due to their living conditions

and/or exposures when seeking or using drugs. No study to date has reported upon risk fac-

tors for SARS-CoV-2 infection among people who inject drugs.

Methods and findings

Between October, 2020 and June, 2021, participants aged�18 years from San Diego, Cali-

fornia, USA and Tijuana, Baja California, Mexico who injected drugs within the last month

underwent interviews and testing for SARS-CoV-2 RNA and antibodies. Binomial regres-

sions identified correlates of SARS-CoV-2 seropositivity.

Results

Of 386 participants, SARS-CoV-2 seroprevalence was 36.3% (95% CI: 31.5%-41.1%);

92.1% had detectable IgM antibodies. Only 37.5% had previously been tested. Seropreva-

lence did not differ by country of residence. None tested RNA-positive. Most (89.5%)

reported engaging in�1 protective behavior [e.g., facemasks (73.5%), social distancing

(46.5%), or increasing handwashing/sanitizers (22.8%)]. In a multivariate model controlling

for sex, older age, and Hispanic/Latinx/Mexican ethnicity were independently associated

with SARS-CoV-2 seropositivity, as was engaging in sex work (AdjRR: 1.63; 95% CI: 1.18–

2.27) and having been incarcerated in the past six months (AdjRR: 1.49; 95% CI: 0.97–

2.27). Comorbidities and substance using behaviors were not associated with SARS-CoV-2

seropositivity.
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Conclusions

In this community-based study of people who inject drugs in the San Diego-Tijuana border

region, over one third were SARS-CoV-2 seropositive, exceeding estimates from the gen-

eral population in either city. We found no evidence that substance use behaviors were

associated with an elevated risk of SARS-CoV-2 infection, but observed that circumstances

in the risk environment, notably sex work and incarceration, were independently associated

with higher SARS-CoV-2 seroprevalence. Our findings suggest that a binational policy

response to COVID-19 mitigation is warranted beyond the closure of the U.S.-Mexico bor-

der. Furthermore, decriminalizing sex work and drug use could reduce the burden of

COVID-19 among people who inject drugs.

Introduction

The disproportionate burden of COVID-19 on under-represented minorities is well docu-

mented [1–3]. Substance users may also experience greater COVID-19 related morbidity and

mortality. An analysis of data from the U.S. National Survey on Drug Use and Health found

that those with opioid and methamphetamine use disorders were more likely to have underly-

ing conditions identified as risk factors for COVID-19 severity and mortality [4]. A recent

study found that compared to other patients, people with substance use disorders were more

likely to experience breakthrough infections following COVID-19 vaccination, due at least in

part to the high prevalence of comorbid conditions [5].

Data are lacking on whether people with substance use disorders are more vulnerable to

acquiring and transmitting SARS-CoV-2 due to their living conditions (e.g., homelessness,

incarceration) and drug-related behaviors (e.g. smoking, vaping, sharing drug paraphernalia,

sex work) [6,7]. In a U.S. nation-wide study, those with substance use disorders, especially

African Americans and opioid users, were at increased risk of COVID-19 [8]. However, this

study could not determine whether these factors were independently associated with COVID-

19 diagnosis since risk factor data were not available, and the sample was restricted to patients

accessing health care. In a telephone survey of active and former drug injectors in Baltimore,

Maryland, compared to former substance users, those who were actively using substances

were less likely to report social distancing, which could increase their risk of acquiring SARS-

CoV-2 [7]. In an online survey of adults residing in the Northeastern U.S., daily users of opi-

oids and alcohol were less likely to adhere to COVID-19 related stay-at-home orders, and

stimulant users were more likely to report having tested positive for SARS-CoV-2 [9]. There

are also reports that the COVID-19 pandemic has interrupted global drug supplies as well as

harm reduction and addiction treatment services, which could alter drug use patterns [10,11].

Reports in the literature of SARS-CoV-2 prevalence among people who inject drugs are

sparse. In a study of needle exchange clients in Stockholm, Sweden, SARS-CoV-2 prevalence

was 5.4% [12], whereas in a survey of people who inject drugs in England, Wales and Northern

Ireland, 11% reported that they had tested positive for COVID-19 [13]. U.S. estimates among

people who are homeless or living in shelters range from 2%-14% [14–16]. We could not iden-

tify any publications that reported risk factors for SARS-CoV-2 among people who inject

drugs.

As the eighth largest city in the U.S. and the largest situated on the Mexico-US border, San

Diego County, California is home to approximately 1.42 million people. Its counterpart in
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Baja California, Mexico is Tijuana, a city of ~1.5 million people, located twenty minutes from

San Diego and located on a major drug trafficking route. In an attempt to limit SARS-CoV-2

transmission, the U.S.-Mexico border was closed to essential travel on March 21, 2020 and

remained closed for the eight months duration of the study. Modeling of the SARS-CoV-2 epi-

demic in San Diego County suggests that prevalence was below 5% through July, 2020 then

increased to approximately 20% by January, 2021 (California Department of Public Health,

unpublished data). In a household study conducted in Tijuana in February 2021, SARS-CoV-2

seroprevalence was 21% [17].

Most epidemiologic research on COVID-19 has been conducted on inpatient samples and

has focused on upper-income countries. We studied prevalence and correlates of SARS-CoV-2

infection in a binational community-based study of people who inject drugs residing in San

Diego and Tijuana. We hypothesized a priori that residents of San Diego who had recently

crossed the border to inject drugs in Tijuana and those who were homeless, traded sex or

injected drugs more often would be more likely to test SARS-CoV-2 seropositive.

Materials and methods

Participants and eligibility

Data collection took place between October 28, 2020 and June 16, 2021 in San Diego and

Tijuana by trained interviewers who were residents of either city, using street outreach and

mobile vans.

A short screener was used to identify participants who were eligible for study participation.

Eligible participants were required to be aged�18 or older, report injecting drugs within the

last month (as evidenced through injection stigmata) and report living in San Diego County or

Tijuana. We sought to enroll participants residing in San Diego who reported having crossed

the border to inject drugs in Tijuana within the last two years as well as those from either city

who reported not having used illicit drugs on the other side of the border.

Data collection

After screening was conducted, eligible participants provided written informed consent and

underwent interviewer-administered surveys at baseline and approximately one week later to

minimize participant burden. Computer assisted personal interviewing was used to minimize

socially desirable responding. Interviews were conducted in person, with plexiglass dividers

separating the interviewer and participant, who were both required to wear facemasks.

Survey measures

Survey items were developed based on a previous study [18], as well as the C3PNO study [19]

(refer to Supplemental Materials). Measures included sociodemographics, potential COVID-

19 exposures (e.g., injection and non-injection drug use, sharing injection equipment, incar-

ceration, sex work), vulnerabilities (e.g., homelessness, cross-border, mobility, food insecurity

[8,20], impact of COVID-19 on income and housing), and protective behaviors (e.g., social

distancing, use of facemasks and handwashing/sanitizers). Before beginning data collection,

the survey was translated into Spanish, back-translated into English, and verified for accuracy

by bilingual team members. To eliminate duplicate enrollments, identifying information was

collected from participants as well as photographs, which were stored separately from survey

data in encrypted, password protected files. Participants were compensated $20 USD and were

provided with photo ID cards embossed with the study logo and contact information. Proto-

cols were approved by the Human Research Protections Program and Biosafety Committee at
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the University of California San Diego (UCSD) and the institutional review board at Xochi-

calco University.

Biological measures. Venous blood samples were obtained by trained phlebotomists to

conduct serology for SARS-CoV-2, HIV and HCV. Pre- and post-test counseling was provided

following national guidelines in the U.S. and Mexico. Rapid testing for HIV and HCV was

done during the study visit, enabling participants to immediately obtain their test results. Bio-

logical samples were batched and stored at -80 degrees Celsius and shipped weekly on dry ice

for SARS-CoV-2 RNA and antibody detection.

HIV and HCV serology

Rapid HIV and HCV tests were conducted by trained study staff using the Miriad1HIV/HCV

Antibody InTec Rapid Anti-HCV Test (Avantor, Radnor, PA). Reactive and indeterminate

tests underwent a second rapid test with Oraquick1HIV or Oraquick1HCV, respectively

(Orasure, Bethlehem, PA). HIV and HCV rapid test reactive were sent for confirmatory testing

at UCSD’s Center for AIDS Research (CFAR) laboratory.

SARS-CoV-2 RNA detection

Participants were instructed on how to self-collect anterior nasal swabs in the presence of

study staff. Swabs which were placed in 3mL of viral transport media for temporary storage,

before being shipped for testing at the UCSD CFAR laboratory. RT-PCR was conducted using

a pooling approach based on the Fluxergy system1 (Irvine, CA) to detect SARS-CoV-2 RNA.

SARS-CoV-2 antibody detection

Serology was conducted by Genalyte1 (San Diego, CA), using their Maverick™ Multi-Antigen

Serology Panel [21] that detects IgG and IgM antibodies to five SARS-CoV-2 antigens (Nucle-

ocapsid, Spike S1-S2, Spike S1, Spike S1-RBD, Spike S2) within a multiplex format based on

photonic ring resonance. A machine learning algorithm was used to call results using the Ran-

dom Forest Ensemble method with 3000 decision trees [22].

Statistical analysis

SARS-CoV-2 prevalence was calculated with 95% confidence intervals (CIs) based on the

Binomial distribution. Those testing indeterminate were excluded. The Cochran-Armitage test

was used to assess trends in SARS-CoV-2 seroprevalence.

Characteristics of participants testing SARS-CoV-2 seropositive versus seronegative were

compared using Wilcoxon Rank Sum for continuous variables and Chi-square or Fisher’s

Exact tests for categorical variables. Univariate and multivariable binomial regressions with

robust standard error estimation via generalized estimating equations were performed to iden-

tify factors associated with SARS-CoV-2 seropositivity. Variables attaining <10% significance

were considered for inclusion in multivariable models. All potential interactions between vari-

ables in the final model were assessed. Multi-collinearity was assessed using diagnostics such

as largest condition index and variance inflation factors. Although site-specific models were

examined, results were presented for the overall sample since associations were generally simi-

lar. All analyses were conducted using SAS version 9.4.

Role of funding source

The funders had no involvement in the study design, collection, analysis, interpretation or

writing of this report, nor the decision to submit the paper for publication.
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Results

Biologic testing

Of 405 participants tested, none had detectable SARS-CoV-2 RNA. Considering serologic evi-

dence of SARS-CoV-2 infection, 19 (4.7%) tested indeterminate and were excluded from fur-

ther analysis. These participants did not differ significantly from those who were included,

with the exception that those testing indeterminate were less likely to inject heroin compared

to the remainder of participants (68.4% vs. 87.4%, P = 0.04). Detectable SARS-CoV-2 IgG and/

or IgM antibodies were observed in 36.3% [95% confidence interval (95% CI): 31.5%-41.1%],

of whom the majority had IgM (92.1%). Of the 140 testing SARS-CoV-2 seropositive, only

37.5% had previously been tested, and 26.8% reported�1 current symptom consistent with

COVID-19. There was no significant trend in seroprevalence over time (p = 0.80).

Descriptive statistics

Of the 386 subjects included in the analysis, 63.5% lived in San Diego County. Most were male

(74.1%) and Hispanic/Latinx/Mexican (71.5%). Median age was 43 (inter-quartile range [IQR:

35–51]. Over half reported that COVID-19 had adversely affected their housing or income.

During the last six months, 39.1% were homeless, 8.3% were incarcerated and 12.4% traded

sex (Table 1). Of the San Diego residents, 50.8% reported having crossed the border to inject

drugs in Tijuana within the last six months.

Although 89.5% reported engaging in�1 protective behavior [e.g., face masks (73.5%)],

only 46.5% reported social distancing, 22.8% increased handwashing/hand sanitizers, and

9.0% reported avoiding sharing drug paraphernalia in the prior six months (Table 1).

Bivariate analyses. Older age and identifying as Hispanic, Latinx, or Mexican were signif-

icantly associated with SARS-CoV-2 seropositivity (Table 1). Considering potential commu-

nity exposures in the past six months, those engaging in sex work were significantly more

likely to test seropositive compared to those who did not (17.9% vs. 9.3%, p = 0.01, [Relative

Risk (RR): 1.53; 95% CI: 1.12–2.09]. Being incarcerated was associated with marginally higher

SARS-CoV-2 seropositivity (RR: 1.43; 95% CI: 0.99–2.09). We did not observe injection drug

use, smoking, vaping specific drugs or any other substance use behaviors to be associated with

seroprevalence, nor were any co-morbidities (i.e., HIV, HCV, Type 2 diabetes, hypertension).

Protective behaviors were not significantly associated with SARS-CoV-2 serostatus, with the

exception that those testing SARS-CoV-2 seropositive were more likely to report having

stopped smoking in the last six months and to have had a COVID-19 test.

Multivariate analysis. In a multivariate model that controlled for sex (Table 2), each year

in age was associated with a 2% increase in SARS-CoV-2 seropositivity (Adjusted relative risk

(AdjRR): 1.02; 95% CI: 1.01–1.03). Identifying as Hispanic/Latinx/Mexican was also indepen-

dently associated with SARS-CoV-2 seropositivity (AdjRR: 1.53; 95% CI: 1.09–2.15), as was

engaging in sex work in the past six months (adjRR: 1.63; 95% CI: 1.18–2.27). Being incarcer-

ated in the last six months remained marginally significant (AdjRR: 1.49; 95% CI: 0.97–2.27).

When country of residence was forced into the model, all significant associations held except

ethnicity. Excluding the nine participants who reported having received at least one COVID-

19 vaccine did not appreciably change parameter estimates.

Given that sex work was independently associated with SARS-CoV-2 seropositivity, we

examined this subgroup more closely. Compared to non-sex workers, sex workers were just as

less likely report protective behaviors but were significantly more likely to report being

exposed to someone with COVID-19 (20% vs. 3.8%, p = 0.001) or to have low/very low food

security (94.3% vs. 77.9% p = 0.02).
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Table 1. Characteristics associated with SARS-CoV-2 Sero-positivity among people who inject drugs in San Diego, California and Tijuana, Mexico.

Baseline Characteristics SARS-CoV-2 Seropositive N = 140 SARS-CoV-2 Seronegative N = 246 Total N = 386 Univariate RR (95% CI)

Sociodemographics
Male 104(74.3%) 182(74.0%) 286(74.1%) 1.01 (0.75,1.37)

Median Age (IQR)P 45.0(37.0,53.0) 42.0(34.0,50.0) 43.0(35.0,51.0) 1.02 (1.00,1.03)¥

Hispanic/Latinx/MexicanP 111(79.3%) 165(67.1%) 276(71.5%) 1.53 (1.08,2.15)

Speaks English 98(70.0%) 185(75.2%) 283(73.3%) 0.85 (0.64,1.13)

Born in the US 61(43.6%) 129(52.4%) 190(49.2%) 0.80 (0.61,1.04)

Primary residence in San Diego 88(62.9%) 157(63.8%) 245(63.5%) 1.00 (0.96,1.04)

Highest year of school completed (IQR) 11.0(8.0,12.0) 11.0(7.0,12.0) 11.0(7.0,12.0) 0.92 (0.65,1.30)

Married or common law 25(17.9%) 49(19.9%) 74(19.2%) 1.02 (0.78,1.33)

Average monthly income<500 USD 75(53.6%) 130(52.8%) 205(53.1%) 0.97 (0.74,1.28)

Median years lived in Study Location (IQR) 30.0(10.0,45.0) 26.5(10.0,40.0) 28.0(10.0,41.0) 1.01 (1.00,1.01)¥

Potential Exposures
Homeless� 50(35.7%) 101(41.1%) 151(39.1%) 0.86 (0.65,1.14)

Incarcerated�P 16(11.5%) 16(6.5%) 32(8.3%) 1.43 (0.99,2.09)

Median # of people in household (IQR)� 2.0(1.0, 4.0) 2.0(1.0, 5.0) 2.0(1.0, 4.0) 1.00 (1.00,1.00)¥

Low/very low food security 88(78.6%) 171(80.3%) 259(79.7%) 0.93 (0.65,1.34)

Engaged in sex work�P 25(17.9%) 23(9.3%) 48(12.4%) 1.53 (1.12,2.09)

Client of sex worker� 8(5.7%) 10(4.1%) 18(4.7%) 1.24 (0.73,2.11)

Exposed to someone with COVID-19 6(5.4%) 12(5.6%) 18(5.5%) 0.97 (0.49,1.89)

Impact of Pandemic
Housing situation worse 91(65.0%) 140(56.9%) 231(59.8%) 1.25 (0.94,1.65)

Income worse 98(70.5%) 149(62.3%) 247(65.3%) 1.27 (0.94,1.71)

Substance Use
Smokes cigarettes 118(84.3%) 222(90.2%) 340(88.1%) 0.73 (0.52,1.01)

Smoked or vaped marijuana� 67(47.9%) 139(56.5%) 206(53.4%) 0.80 (0.62,1.04)

Smoked/snorted/inhaled heroin�P 32(22.9%) 73(29.7%) 105(27.2%) 0.79 (0.57,1.10)

Smoked/snorted/inhaled/vaped meth� 86(61.4%) 150(61.0%) 236(61.1%) 1.01 (0.77,1.33)

Smoked/snorted/inhaled crack/cocaine� 15(10.7%) 22(8.9%) 37(9.6%) 1.13 (0.75,1.71)

Injected heroin� 123(87.9%) 222(90.2%) 345(89.4%) 0.86 (0.58,1.27)

Injected fentanyl� 27(19.3%) 50(20.3%) 77(19.9%) 0.96 (0.68,1.34)

Median age at first injection 20.0(17.0,27.0) 19.0(17.0,25.0) 20.0(17.0,26.0) 1.01 (0.99,1.02)

#Times injected drugs per day 2.5(0.3, 4.0) 2.5(0.7, 4.0) 2.5(0.3, 4.0) 0.94 (0.87,1.02)¥

Visited shooting galleries� 12(8.6%) 19(7.7%) 31(8.0%) 1.07 (0.67,1.71)

Used hit doctor� 25(17.9%) 46(18.8%) 71(18.4%) 0.96 (0.68,1.36)

Crossed border to inject drugs� 60(42.9%) 97(39.4%) 157(40.7%) 1.09 (0.84,1.43)

Co-Morbidities
HIV-antibody positive 15(10.7%) 17(6.9%) 32(8.3%) 1.33 (0.89,1.97)

HCV-antibody positive 47(33.6%) 86(35.1%) 133(34.5%) 0.96 (0.72,1.27)

DiabetesY 5(4.5%) 10(4.7%) 15(4.6%) 0.97 (0.46,2.01)

AsthmaY 8(7.1%) 22(10.3%) 30(9.2%) 0.76 (0.41,1.40)

HypertensionY 13(11.6%) 25(11.7%) 38(11.7%) 0.99 (0.62,1.58)

Preventive Measures
Practiced social distancingY 52(46.4%) 99(46.5%) 151(46.5%) 1.00 (0.74,1.35)

Wore face maskY 85(75.9%) 154(72.3%) 239(73.5%) 1.13 (0.79,1.62)

Increased handwashing/sanitizerY 24(21.4%) 50(23.5%) 74(22.8%) 0.93 (0.64,1.34)

Stocked up on drugsY 18(16.1%) 35(16.5%) 53(16.4%) 0.98 (0.65,1.47)

Stocked up on harm reduction suppliesY 24(21.4%) 38(17.9%) 62(19.1%) 1.15 (0.81,1.65)

(Continued)
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Discussion

In this community-based study of people who inject drugs in the San Diego-Tijuana border

region, over one third had detectable SARS-CoV-2 antibodies, which exceeds estimates from

the general population in either city [17]. This suggests that a binational policy response to

COVID-19 is warranted beyond the closure of the U.S.-Mexico border. We did not observe

substance use behaviors, such as smoking, vaping, or use of specific drugs such as opiates or

stimulants to be associated with an elevated risk of SARS-CoV-2 infection, as others have

hypothesized [9]. Instead, we observed that circumstances in the risk environment, notably sex

work and incarceration, were independently associated with higher SARS-CoV-2

seroprevalence.

To our knowledge, this is the first study to show that sex work is independently associated

with higher SARS-CoV-2 seroprevalence after controlling for potential confounders such as

sex, age, and ethnicity. In an unpublished study in Denmark, SARS-CoV-2 seroprevalence was

higher among sex workers (12.2%) than people experiencing homelessness (6.8%) or the gen-

eral population (2.9%) [23], but the independent effects of these and other factors were not

assessed.

Although the majority of our sample reported that COVID-19 had greatly affected their

income and housing, sex workers may have faced additional hardships following the closure of

the U.S.-Mexico border because of their reliance on sex tourism, and since social distancing is

not possible during sexual transactions. Compared to the rest of the sample, significantly

higher proportions of sex workers reported low or very low food security, and they were more

likely to report having been exposed to someone with COVID-19 than others. This suggests

Table 1. (Continued)

Baseline Characteristics SARS-CoV-2 Seropositive N = 140 SARS-CoV-2 Seronegative N = 246 Total N = 386 Univariate RR (95% CI)

Stopped smoking (current smokers)YP 6(6.3%) 4(2.1%) 10(3.5%) 1.86 (1.09,3.17)

Avoided sharing drug paraphernaliaY 11(9.8%) 18(8.5%) 29(9.0%) 1.11 (0.68,1.81)

Engaged in�1 protective behaviorY 101(90.2%) 190(89.2%) 291(89.5%) 1.07 (0.64,1.79)

Had a prior COVID-19 testYP 42(37.5%) 63(29.6%) 105(32.3%) 1.26 (0.93,1.70)

�past 6 months
YMissing values n = 62
¥Per year increase
PP-value<0.10.

https://doi.org/10.1371/journal.pone.0260286.t001

Table 2. Factors Independently associated with SARS-CoV-2 Seropositivity among people who inject drugs in

San Diego, CA and Tijuana, Mexico.

Baseline Characteristics Adjusted RR�� (95% CI)

Male 1.02 (0.76, 1.37)

Age¥ 1.02 (1.01, 1.03)

Hispanic/Latinx/Mexican 1.53 (1.09, 2.15)

Engaged in sex work� 1.63 (1.18, 2.27)

Incarcerated� 1.49 (0.97, 2.27)

�past 6 months

��variables in the multivariable model were adjusted for all the variables in the model.

¥ Per year increase.

https://doi.org/10.1371/journal.pone.0260286.t002
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that sex workers may have engaged in higher risk behaviors to support themselves, placing

them at greater risk of SARS-CoV-2 infection. In a study of female sex workers in Kenya, sex-

ual transactions declined during the pandemic [24] and those most reliant on sex work

reported greater food insecurity, which is consistent with our findings. Among female sex

workers in Nigeria, those who had knowledge about COVID-19 were significantly more likely

to wear face masks, but less than half did so [25].

Despite concerns about sex workers’ vulnerability to COVID-19, few countries provide

them aid [24,26]. In Thailand, the Netherlands and Japan, sex workers were included in

COVID-19 government-sponsored support programs [26], but they are excluded in countries

where sex work is criminalized, such as the U.S. Although sex work is quasi-legal in Tijuana’s

red light district, those using drugs are less likely to obtain sex work permits and instead work

outside of commercial establishments that could offer protections [27]. In an earlier study, we

found that female sex workers in Tijuana who inject drugs were more vulnerable to offers of

unprotected sex in exchange for more money or drugs compared to those that did not inject

[28].

Our finding that recent incarceration was independently associated with SARS-CoV-2 sero-

positivity could reflect institutional exposures. Over-crowding was implicated in COVID-19

outbreaks in California correctional institutions [29], including those in the U.S.-Mexico bor-

der region. Mitigation included early release, halting intakes, and eliminating bail, but a recent

analysis suggests that considerable potential for SARS-CoV-2 exposures persists, at least in the

California prison system [29]. Similar measures have not been undertaken in Baja California.

Taken together, our findings suggest that decriminalization of drug use and sex work and

increasing their access to social protection programs could reduce SARS-CoV-2 risk among

people who inject drugs and sex workers, as others have proposed [26,30].

SARS-CoV-2 seroprevalence did not differ by country of residence in our study, perhaps

reflecting close social ties between San Diego and Tijuana communities despite the closure of

the U.S.-Mexico border. In a phylogenetic analysis of SARS-CoV-2 sequences from the U.S.

and Mexico, those obtained from the Mexican state of Baja California were more closely

related to San Diego than to Mexico City [31]. Although one half of the San Diego residents in

our study had crossed the border and injected drugs in Tijuana in the last six months, we

found no evidence that cross-border mobility was associated with SARS-CoV-2 seropositivity.

Consistent with other studies, subjects who were older [8] and who identified as Hispanic,

Latinx, or Mexican [2] were significantly more likely to test SARS-CoV-2 seropositive. This

demonstrates that even among the lowest socioeconomic strata in the US and Mexico, ethnic

disparities in SARS-CoV-2 seroprevalence persist.

Our study also found that over half of those testing SARS-CoV-2 seropositive had not been

tested prior to study enrolment. These findings underscore the need to improve community

outreach to provide testing, vaccines, and treatment, for example using mobile syringe

exchange programs.

Limitations

Our ability to detect some associations was limited due to statistical power. Ours was a non-

random sample and the cross-sectional study design precludes drawing causal inferences. Par-

ticipants experiencing symptoms may have changed behaviors, such as stopped smoking or

sought COVID-19 testing. Some misclassification may have also occurred since behaviors

such as current and past substance use were self-reported.

Of note, none of the self-collected swabs tested positive for SARS-CoV-2 RNA. The sensi-

tivity of the pooling approach could have been impacted by: 1) the viral load of any particular
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infected individual; 2) the consistency with which swabs were obtained; 3) storage, shipping,

and transport conditions; or 4) of diluting out (via pooling) any viral SARS-CoV-2 RNA col-

lected below the limit of detection. In this study, we limited our pools to�10 swabs, and previ-

ously validated our approach with up to 30 samples per pool where the limit of detection was

estimated at 2.4 copies/μL [32]. Therefore, it is unlikely that we experienced loss of sensitivity

due to pooling.

Since SARS-CoV-2 antibodies may wane over time especially among patients who are

asymptomatic or mildly symptomatic [33,34], infections that occurred earlier in the epidemic

may have gone undetected. However, the majority of participants testing SARS-CoV-2 sero-

positive had detectable IgM antibody titers, which is suggestive of recent infection [35]. Some

misclassification could have occurred among those testing indeterminate who were recently

infected, but these were few in number and would have tended to underestimate SARS-CoV-2

prevalence, dampening any observed associations.

Since COVID-19 vaccines did not become available to adults 18–65 years of age in San

Diego County until May 15, 2021 and were not available to most adults in Tijuana until

after the study period ended, we were unable to examine the impact of vaccination on

SARS-CoV-2 infection. Nevertheless, among the 75 San Diego residents in our sample who

were interviewed after May 15, only 9 (9.3%) reported having received at least one COVID-

19 vaccine dose. In comparison, the proportion of adults aged �18 years who had received

at least one COVID-19 vaccine dose in San Diego County through June 24, 2021 exceeded

50% [36].

Conclusions

We found that most people who inject drugs in the San Diego-Tijuana border region engaged

in preventive measures to avoid SARS-CoV-2, but since over one-third had evidence of infec-

tion, a binational policy response is warranted beyond the closure of the U.S.-Mexico border.

Importantly, social and structural factors in the risk environment were independently associ-

ated with SARS-CoV-2, and substance use behaviors were not, suggesting that structural inter-

ventions such as decriminalizing sex work and drug use and increasing their access to social

protection programs could reduce vulnerability to SARS-CoV-2 among people who inject

drugs. Since the proportion of participants who had previously been tested for SARS-CoV-2 or

had received COVID-19 vaccine was very low, efforts are needed to mitigate risks and provide

COVID-19 testing and vaccines this vulnerable population.
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23. Röthlin Eriksen AR, Fogh K, Hasselbalch RB, Bundgaard H, Nielsen SD, Jørgensen CS, et al. SARS-

CoV-2 antibody prevalence among homeless people, sex workers and shelter workers in Denmark: a

nationwide cross-sectional study. medRxiv [Preprint]. 2021:2021.05.07.21256388. Available from:

https://www.medrxiv.org/content/10.1101/2021.05.07.21256388v2.

24. Kavanagh NM, Marcus N, Bosire R, Otieno B, Bair EF, Agot K, et al. Health and Economic Outcomes

Associated With COVID-19 in Women at High Risk of HIV Infection in Rural Kenya. JAMA Network

Open. 2021; 4(6):e2113787–e. https://doi.org/10.1001/jamanetworkopen.2021.13787 PMID:

34137826

PLOS ONE Prevalence and correlates of SARS-CoV-2 seropositivity among PWID in the San Diego-Tijuana border region

PLOS ONE | https://doi.org/10.1371/journal.pone.0260286 November 22, 2021 11 / 12

https://doi.org/10.1038/s41380-020-00880-7
http://www.ncbi.nlm.nih.gov/pubmed/32929211
https://doi.org/10.2196/29319
http://www.ncbi.nlm.nih.gov/pubmed/34591780
https://doi.org/10.3389/fpsyt.2021.646206
https://doi.org/10.3389/fpsyt.2021.646206
http://www.ncbi.nlm.nih.gov/pubmed/34421664
https://doi.org/10.1016/j.drugpo.2021.103127
https://doi.org/10.1016/j.drugpo.2021.103127
http://www.ncbi.nlm.nih.gov/pubmed/33549464
https://doi.org/10.1186/s12954-021-00499-z
http://www.ncbi.nlm.nih.gov/pubmed/33971892
https://doi.org/10.1016/j.puhe.2021.01.004
https://doi.org/10.1016/j.puhe.2021.01.004
http://www.ncbi.nlm.nih.gov/pubmed/33601307
https://doi.org/10.7326/M20-3799
http://www.ncbi.nlm.nih.gov/pubmed/32931328
https://www.ncbi.nlm.nih.gov/pubmed/32898272
https://doi.org/10.15585/mmwr.mm6917e1
http://www.ncbi.nlm.nih.gov/pubmed/32352957
https://consulmex.sre.gob.mx/sandiego/index.php/comunicados-2020/782-survey-on-prevalence-of-covid-19-in-baja-california
https://consulmex.sre.gob.mx/sandiego/index.php/comunicados-2020/782-survey-on-prevalence-of-covid-19-in-baja-california
https://doi.org/10.1186/1477-7517-11-4
http://www.ncbi.nlm.nih.gov/pubmed/24520885
https://doi.org/10.1093/ije/dyaa163
https://doi.org/10.1093/ije/dyaa163
http://www.ncbi.nlm.nih.gov/pubmed/33682886
https://www.ers.usda.gov/topics/food-nutrition-assistance/food-security-in-the-us/measurement/#measurement
https://www.ers.usda.gov/topics/food-nutrition-assistance/food-security-in-the-us/measurement/#measurement
https://www.fda.gov/media/142915/download
https://doi.org/10.1371/journal.pone.0249938
https://doi.org/10.1371/journal.pone.0249938
http://www.ncbi.nlm.nih.gov/pubmed/33909632
https://www.medrxiv.org/content/10.1101/2021.05.07.21256388v2
https://doi.org/10.1001/jamanetworkopen.2021.13787
http://www.ncbi.nlm.nih.gov/pubmed/34137826
https://doi.org/10.1371/journal.pone.0260286


25. Avwioro G, Egwunyenga A, Adjekuko C, Mgbere O, Odibo E, Iyiola S, et al. Commercial Sex Work Dur-

ing Novel Coronavirus (SARS-CoV-2) Era in the Niger Delta Region: Relationships Between Knowl-

edge, Preventive Practice, and Transmission Potential. Int J Womens Health. 2021; 13:509–23. https://

doi.org/10.2147/IJWH.S303565 PMID: 34113178

26. Platt L, Elmes J, Stevenson L, Holt V, Rolles S, Stuart R. Sex workers must not be forgotten in the

COVID-19 response. Lancet. 2020; 396(10243):9–11. https://doi.org/10.1016/S0140-6736(20)31033-3

PMID: 32422122

27. Sirotin N, Strathdee SA, Lozada R, Nguyen L, Gallardo M, Vera A, et al. A comparison of registered and

unregistered female sex workers in Tijuana, Mexico. Public Health Rep. 2010; 125 Suppl 4:101–9.

https://doi.org/10.1177/00333549101250S414 PMID: 20626197

28. Strathdee SA, Lozada R, Martinez G, Vera A, Rusch M, Nguyen L, et al. Social and structural factors

associated with HIV infection among female sex workers who inject drugs in the Mexico-US border

region. PLoS One. 2011; 6(4):e19048. https://doi.org/10.1371/journal.pone.0019048 PMID: 21541349

29. Chin ET, Ryckman T, Prince L, Leidner D, Alarid-Escudero F, Andrews JR, et al. Covid-19 in the Califor-

nia State Prison System: An Observational Study of Decarceration, Ongoing Risks, and Risk Factors. J

Gen Intern Med. 2021; 36(10):3096–102. https://doi.org/10.1007/s11606-021-07022-x PMID:

34291377

30. Bonn M, Palayew A, Bartlett S, Brothers TD, Touesnard N, Tyndall M. Addressing the Syndemic of HIV,

Hepatitis C, Overdose, and COVID-19 Among People Who Use Drugs: The Potential Roles for Decrimi-

nalization and Safe Supply. J Stud Alcohol Drugs. 2020; 81(5):556–60. PMID: 33028465

31. San Diego Epidemiology and Research for COVID Health (SEARCH). SARS-CoV-2 Genomics 2021

[Available from: https://searchcovid.info/genomics/.

32. Rawlings SA, Ignacio C, Porrachia M, Du P, Smith DM, Chaillon A. No Evidence of SARS-CoV-2 Semi-

nal Shedding Despite SARS-CoV-2 Persistence in the Upper Respiratory Tract. Open Forum Infect Dis.

2020; 7(8):ofaa325. https://doi.org/10.1093/ofid/ofaa325 PMID: 32875005

33. Ibarrondo FJ, Fulcher JA, Goodman-Meza D, Elliott J, Hofmann C, Hausner MA, et al. Rapid Decay of

Anti-SARS-CoV-2 Antibodies in Persons with Mild Covid-19. N Engl J Med. 2020; 383(11):1085–7.

https://doi.org/10.1056/NEJMc2025179 PMID: 32706954

34. Long QX, Tang XJ, Shi QL, Li Q, Deng HJ, Yuan J, et al. Clinical and immunological assessment of

asymptomatic SARS-CoV-2 infections. Nat Med. 2020; 26(8):1200–4. https://doi.org/10.1038/s41591-

020-0965-6 PMID: 32555424

35. Chen Y, Li P, Ding Y, Liu M, Liu L, Yi B, et al. Epidemiological feature, viral shedding, and antibody sero-

conversion among asymptomatic SARS-CoV-2 carriers and symptomatic/presymptomatic COVID-19

patients. J Infect Public Health. 2021; 14(7):845–51. https://doi.org/10.1016/j.jiph.2021.05.003 PMID:

34118734

36. County of San Diego. COVID-19 Vaccinations Report—San Diego County Residents with COVID19

Vaccinations by Age Group 2021 [Available from: https://www.sandiegocounty.gov/content/dam/sdc/

hhsa/programs/phs/Epidemiology/COVID-19%20Vaccinations%20by%20Age%20Group.pdf.

PLOS ONE Prevalence and correlates of SARS-CoV-2 seropositivity among PWID in the San Diego-Tijuana border region

PLOS ONE | https://doi.org/10.1371/journal.pone.0260286 November 22, 2021 12 / 12

https://doi.org/10.2147/IJWH.S303565
https://doi.org/10.2147/IJWH.S303565
http://www.ncbi.nlm.nih.gov/pubmed/34113178
https://doi.org/10.1016/S0140-6736%2820%2931033-3
http://www.ncbi.nlm.nih.gov/pubmed/32422122
https://doi.org/10.1177/00333549101250S414
http://www.ncbi.nlm.nih.gov/pubmed/20626197
https://doi.org/10.1371/journal.pone.0019048
http://www.ncbi.nlm.nih.gov/pubmed/21541349
https://doi.org/10.1007/s11606-021-07022-x
http://www.ncbi.nlm.nih.gov/pubmed/34291377
http://www.ncbi.nlm.nih.gov/pubmed/33028465
https://searchcovid.info/genomics/
https://doi.org/10.1093/ofid/ofaa325
http://www.ncbi.nlm.nih.gov/pubmed/32875005
https://doi.org/10.1056/NEJMc2025179
http://www.ncbi.nlm.nih.gov/pubmed/32706954
https://doi.org/10.1038/s41591-020-0965-6
https://doi.org/10.1038/s41591-020-0965-6
http://www.ncbi.nlm.nih.gov/pubmed/32555424
https://doi.org/10.1016/j.jiph.2021.05.003
http://www.ncbi.nlm.nih.gov/pubmed/34118734
https://www.sandiegocounty.gov/content/dam/sdc/hhsa/programs/phs/Epidemiology/COVID-19%20Vaccinations%20by%20Age%20Group.pdf
https://www.sandiegocounty.gov/content/dam/sdc/hhsa/programs/phs/Epidemiology/COVID-19%20Vaccinations%20by%20Age%20Group.pdf
https://doi.org/10.1371/journal.pone.0260286



