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Abstract
Introduction: People living with HIV (PLWH) and/or who inject drugs may experience lower vaccine effectiveness (VE) against
SARS-CoV-2 infection.
Methods: A validated algorithm was applied to population-based, linked administrative datasets in the British Columbia
COVID-19 Cohort (BCC19C) to ascertain HIV status and create a population of PLWH and matched HIV-negative individ-
uals. The study population was limited to individuals who received an RT-PCR laboratory test for SARS-CoV-2 between 15
December 2020 and 21 November 2021 in BC, Canada. Any history of injection drug use (IDU) was ascertained using a
validated administrative algorithm. We used a test-negative study design (modified case−control analysis) and multivariable
logistic regression to estimate adjusted VE by HIV status and history of IDU.
Results: Our analysis included 2700 PLWH and a matched population of 375,043 HIV-negative individuals, among whom
there were 351 and 103,049 SARS-CoV-2 cases, respectively. The proportion of people with IDU history was much higher
among PLWH compared to HIV-negative individuals (40.7% vs. 4.3%). Overall VE during the first 6 months after second dose
was lower among PLWH with IDU history (65.8%, 95% CI = 43.5–79.3) than PLWH with no IDU history (80.3%, 95% CI =
62.7–89.6), and VE was particularly low at 4–6 months (42.4%, 95% CI = −17.8 to 71.8 with IDU history vs. 64.0%; 95% CI
= 15.7–84.7 without), although confidence intervals were wide. In contrast, overall VE was 88.6% (95% CI = 88.2–89.0) in
the matched HIV-negative population with no history of IDU and remained relatively high at 4–6 months after second dose
(84.6%, 95% CI = 83.8–85.4). Despite different patterns of vaccine protection by HIV status and IDU history, peak estimates
were similar (≥88%) across all populations.
Conclusions: PLWH with a history of IDU may experience lower VE against COVID-19 infection, although findings were lim-
ited by a small sample size. The lower VE at 4–6 months may have implications for booster dose prioritization for PLWH and
people who inject drugs. The immunocompromising effect of HIV, substance use and/or co-occurring comorbidities may partly
explain these findings.
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1 INTRODUCT ION

People living with HIV (PLWH) and people who inject drugs
(PWID) are two populations that often overlap and may expe-
rience lower vaccine effectiveness (VE) against COVID-19
infection. Injection drug use (IDU) has been a prominent
route of HIV acquisition in British Columbia (BC), Canada and
approximately 40% of the PLWH in the province reported
a history of IDU at diagnosis [1]. Both PWID and PLWH
are socially marginalized populations—contributing to worse
socio-economic status and social determinants of health and

consequently a higher burden of COVID-19 and other ill-
nesses. In addition to a higher burden of potentially immuno-
compromising comorbidities, HIV infection and substance use
can directly impact immune function and may contribute to
lower VE in these populations [2–6].

A VE study recently published by our team suggested that
PLWH experience slower development and faster waning of
COVID-19 vaccine protection compared to people not living
with HIV, after adjustment for comorbidity burden and other
factors [7]. However, the analysis did not explore factors driv-
ing the lower VE and/or whether the lower VE was limited
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to PLWH with specific characteristics. Given the high propor-
tion of PLWH in BC who have a history of IDU—and previous
research suggesting VE may be impaired among people who
use substances [4]—the objective of this study was to build
upon our previous analysis and assess the extent to which
HIV and IDU history may jointly impact VE against SARS-CoV-
2 infection.

2 METHODS

2.1 Data sources and study population

We adapted and applied a validated algorithm [8] to health
services administrative datasets (physician visits, hospitaliza-
tions and emergency department visits) [9–11] in the BC
COVID-19 Cohort (BCC19C) to create a population of PLWH
and matched HIV-negative individuals. The BCC19C is a
surveillance platform integrating COVID-19 datasets with a
range of administrative and registry datasets [7]. The HIV-
negative population was created by matching each individ-
ual in the PLWH population one-to-many to HIV-negative
individuals on the following variables: age (5-year intervals),
sex, community health service area [12] and binary case sta-
tus (SARS-CoV-2 test-positive vs. test-negative). HIV-negative
individuals were those who were not flagged by the validated
algorithm. Demographic information was extracted from the
client roster registry of all individuals enrolled in BC’s univer-
sal public health insurance programme [13].

The algorithm used to ascertain any history of IDU was
based on diagnostic ICD codes for potentially injectable drugs
(e.g. excludes alcohol, marijuana and solvent use) and applied
to physician visit, hospitalization and emergency department
data [9–11]. The algorithm was based on the full history of
available health records and has previously been found to
have a sensitivity of 79% and specificity of 82% for accurately
ascertaining IDU history [14].

The analysis was limited to individuals who tested for
SARS-CoV-2 between 15 December 2020 and 21 November
2021. The study period was chosen to coincide with the vac-
cine rollout in the general population in BC (first dose became
available on 15 December) and end prior to the emergence of
Omicron.

More detailed information about our data source and meth-
ods are outlined in a previous publication [7].

2.2 Statistical analysis

A modified case−control approach known as the test-negative
design was used to estimate VE [15]. VE in this context refers
to the extent to which COVID-19 vaccines reduced the risk of
SARS-CoV-2 infection. The test-negative design estimates VE
by comparing the odds of being a case (binary variable—test-
positive cases vs. test-negative controls) by vaccination status
in a logistic regression analysis. Individuals in the study were
classified as a “case” if they tested positive for SARS-CoV-2
during the study period (test-positive) and as a “control” if
they tested negative (test-negative). The composite vaccina-
tion status variable used in the logistic regression model to
compare odds of being test-positive was based on number of
doses and time since last dose as follows: unvaccinated; ≥14

days after first dose; and 7–59, 60–89, 90–119 and 120–179
days after second dose. First, we described the characteristics
of the study population by case status (test-positive vs. test-
negative), HIV status and history of IDU. Second, a multivari-
able logistic regression model was conducted with case sta-
tus (test-positive vs. test-negative) as the dependent variable
and a 3-variable interaction term between IDU history, vacci-
nation status and HIV status as the independent variable of
primary interest. The regression model was adjusted for the
following covariates: age (10-year age bands), sex, geographic-
level income, health administrative region [12], number of
COVID-19 tests 3 months prior to the study period, Elix-
hauser comorbidity index (a validated index that sums the
presence of 31 comorbidities) [16] and bi-weekly testing peri-
ods. VE was computed using the formula (1−OR) × 100%
using the OR estimates from the composite vaccination status
variable.

2.3 Ethical approval

This study was performed using de-identified data routinely
collected as part of public health surveillance and/or routine
healthcare encounters. Patient consent was not required in
accordance with the Canadian Tri-Council Policy Statement:
Ethical Conduct for Research Involving Humans article 5.5B.
This study was reviewed and approved by the University of
British Columbia Research Ethics Board (#H20-02097).

3 RESULTS

3.1 Study population

Our analysis included 2700 PLWH and a matched HIV-
negative population of 375,043 HIV-negative individuals.
There were 351 SARS-CoV-2 cases among PLWH and
103,049 among HIV-negative individuals. The proportion of
those with any IDU history was much higher among PLWH
compared to HIV-negative individuals (40.7% vs. 4.3%).

Participant characteristics by HIV status, case status, and
IDU history are shown in Table 1. Regardless of HIV status,
people with a history of IDU had a higher proportion of peo-
ple with comorbidities and who were living in lower neigh-
bourhood income areas. Of the four study populations in our
analysis, people with both HIV and IDU history had the great-
est comorbidity burden and neighbourhood income depriva-
tion.

3.2 VE estimates

VE estimates by HIV status and history of IDU are presented
in Table 2 and Figure 1. Lower VE estimates were generally
observed for PLWH (vs. HIV-negative individuals) and for
people with a history of IDU (vs. no history of IDU). These
differences were particularly pronounced among PLWH with
a history of IDU—the population with the lowest VE overall
and at 4–6 months—although the sample size in this popula-
tion was the smallest, leading to variability in estimates, wide
confidence intervals and potential statistical non-significance
for comparisons. Overall VE estimates during first 6 months
of second dose were lowest among PLWH with IDU history
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Figure 1. Adjusted vaccine effectiveness estimates by HIV status and history of injection drug use among individuals tested for SARS-
CoV-2 between 15 December 2020 and 21 November 2021 in British Columbia, Canada. IDU, injection drug use; PLWH, people living
with HIV. * Modelled separately.

5

 17582652, 2023, 10, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/jia2.26178 by T

est, W
iley O

nline L
ibrary on [09/12/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

http://onlinelibrary.wiley.com/doi/10.1002/jia2.26178/full
https://doi.org/10.1002/jia2.26178


Puyat JH et al. Journal of the International AIDS Society 2023, 26:e26178
http://onlinelibrary.wiley.com/doi/10.1002/jia2.26178/full | https://doi.org/10.1002/jia2.26178

Table 2. Adjusted vaccine effectiveness estimates by HIV status and history of injection drug use among individuals tested for

SARS-CoV-2 between 15 December 2020 and 21 November 2021 in British Columbia, Canada

PLWH Matched HIV-negative population

IDU history No IDU history IDU history No IDU history

Estimate LCL UCL Estimate LCL UCL Estimate LCL UCL Estimate LCL UCL

First dose (≥14

days)

44.1 −25.8 75.2 40.7 −198.8 88.2 36.5 22.1 48.2 56.3 52.7 59.6

Second dose

≥7 days* 65.8 43.5 79.3 80.3 62.7 89.6 82.1 79.9 84.1 88.6 88.2 89.0

7–59 65.7 17.9 85.7 80.3 50.9 92.1 87.7 85.1 89.9 91.5 91.1 92.0

60–89 91.3 62.3 98.0 85.9 56.8 95.4 83.9 80.3 86.9 89.9 89.4 90.3

90–119 65.9 21.6 85.2 88.1 63.6 96.1 79.7 75.2 83.4 87.8 87.2 88.4

120–179 42.4 −17.8 71.8 64.0 15.7 84.7 71.8 65.2 77.1 84.6 83.8 85.4

Note: Adjusted VE estimates derived from a 3-variable interaction term (vaccination X PLWH X IDU history) in a multivariable logistic regres-
sion model with case status as dependent variable. All results (except for row marked by *) are derived from a single model with the following
categorization for vaccination status: unvaccinated, first dose (≥14 days), second dose (7–59 days), second dose (60–89 days), second dose
(90–119 days) and second dose (120–179 days). * Indicates results derived from a separate model with vaccination status categorized as
unvaccinated and second dose (≥7 days). Days refer to the number of days elapsed between dose and date of SARS-CoV-2 RT-PCR test.
Lightly shaded values have extremely wide confidence intervals and were therefore shown on Table 2 only and suppressed in Figure 1.
Abbreviations: LCL, lower confidence limit; PLWH, people living with HIV; UCL, upper confidence limit.

(65.8%, 95% CI = 43.5–79.3), similar for PLWH with no
IDU history (80.3%, 95% CI = 62.7–89.6) and HIV-negative
individuals with IDU history (82.1%, 95% CI = 79.9–84.1)
and highest for HIV-negative individuals with no IDU history
(88.6%, 95% CI = 88.2–89.0). Estimates at 4–6 months were
also lowest among PLWH with history of IDU (42.4%, 95%
CI = −17.8 to 71.8), followed by PLWH with no history of
IDU (64.0%, 95% CI = 15.7–84.7), HIV negative with history
of IDU (71.8%, 95% CI = 65.2–77.1) and HIV negative with
no history of IDU (84.6%, 95% CI = 83.8–85.4).

4 D ISCUSS ION

Our analysis suggests PLWH with a history of IDU may
experience lower VE against laboratory-confirmed SARS-CoV-
2 infection. Overall VE during the first 6 months of second
dose was lowest—and the degree of waning at 4–6 months
greatest—among PLWH with a history of IDU compared to
other populations included in our analysis (PLWH with no
IDU history, matched HIV-negative individuals with or with-
out a history of IDU). Of note, the sample size of PLWH
with a history of IDU was also the smallest, leading to wide
confidence intervals and an inability to make definitive con-
clusions. Notably, VE was also lower in the large sample
of matched HIV-negative people with a history of IDU in
our analysis (vs. HIV negative with no history of IDU), and
our results are supported by other studies suggesting that
COVID-19 VE may be lower among people who use sub-
stances [4]. The results also suggest our previous finding of
slower buildup/faster waning of VE among PLWH overall (vs.
HIV-negative overall) [7] may be partly related to the impact
of substance use—and/or comorbidities that co-occur with
IDU—on immune function. Indeed, the proportion of people
with IDU history was almost 10 times higher among PLWH
in our analysis (vs. HIV-negative individuals; 40.7% vs. 4.3%)

and people with HIV and/or IDU history were also more likely
to have other comorbidities. These findings may have implica-
tions for booster dose prioritization for PLWH and PWID.

Our results could be due to a direct impact of substance
use on the immune system (although we could not deter-
mine whether people were currently injecting and/or using
substances) [2], the impact of immunocompromising comor-
bidities that co-occur with IDU [5, 6] and/or other factors
that may impact immune function (e.g. HIV treatment adher-
ence). In addition to biological explanations, differences may
be due to other factors related to social determinants of
health and possible exposures (e.g. communal housing and
challenges with physical distancing) [17, 18]. In a large US-
based study, a higher risk of breakthrough infection was iden-
tified among people with substance use history, but this find-
ing was no longer present after propensity-score matching
on certain comorbidities and adverse social determinants of
health (except for people with cannabis dependence) [4]. In
our analysis, we adjusted for the number of comorbidities
using the Elixhauser comorbidity index, which may have led
to some residual confounding. Matching on specific comorbidi-
ties in our analysis was not possible due to the relatively small
sample size and number of outcomes in our PLWH population.
Future analyses will focus on a general population sample and
include more rigorous adjustment for comorbidities, in addi-
tion to stratification by active versus past IDU and type of
substance injected.

Regardless of the potential for residual confounding, our
results (and results from other studies) suggest people with
HIV and/or a history of IDU may benefit from booster dose
prioritization given the lower estimates of second dose VE at
4–6 months in these populations. Our results may also high-
light how intersecting health and social conditions can rein-
force each other to increase vulnerability to negative health
outcomes, as evidenced by the lowest VE being observed
among people with both HIV and IDU history. Promisingly,
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however, significant protection against SARS-CoV-2 infection
was still afforded—and peak level of vaccine protection was
generally comparable—across populations. Vaccine prioritiza-
tion among PLWH and PWID may require additional effort to
overcome the unique barriers to COVID-19 vaccine uptake
faced by these populations (e.g. stigma and discrimination,
medical mistrust), as identified in other studies [19].

In addition to the potential for residual confounding, our
analysis had other limitations, including a small sample size for
the PLWH analysis and potential misclassification due to the
use of administrative algorithms to ascertain HIV and the his-
tory of IDU. Further, we did not differentiate between active
versus past IDU, due to the small sample size, limiting the
generalizability of study findings. We also lacked clinical infor-
mation on PLWH, including CD4 count and HIV viral load.

5 CONCLUS IONS

In conclusion, these results build upon our previous paper by
suggesting the lower VE previously observed among PLWH
may be partly related to the impact of substance use and/or
immunocompromising health conditions that can co-occur
with IDU. This is supported by our finding of lower VE among
PLWH who have a history of IDU, as well as other studies
suggesting that VE may be lower among people who use sub-
stances. These findings may have implications for low-barrier
COVID-19 vaccine booster prioritization efforts.
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