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Methods: We used the British Columbia COVID-19 Cohort, a population-based data platform, which inte-
grates COVID-19 data on SARS-CoV-2 tests, laboratory-confirmed cases, and immunizations with provin-

Keywords: cial health services data. The vaccine effectiveness (VE) was estimated with a test-negative design using
COVID-19 the multivariable logistic regression.
SH/I\\];S‘COV‘Z Results: The adjusted VE against SARS-CoV-2 infection was 71.1% (39.7, 86.1%) 7-59 days after two doses,

rising to 89.3% (72.2, 95.9%) between 60 and 89 days. VE was preserved 4-6 months after the receipt of
two doses, after which noticeable waning was observed (51.3% [4.8, 75.0%]). In the matched HIV-negative
cohort (n = 375,043), VE peaked at 91.4% (90.9, 91.8%) 7-59 days after two doses and was sustained for
up to 4 months, after which evidence of waning was observed, dropping to 84.2% (83.4, 85.0%) between
4 and 6 months.
Conclusion: The receipt of two COVID-19 vaccine doses was effective against SARS-CoV-2 infection among
PLWH pre-Omicron. VE estimates appeared to peak later in PLWH than in the matched HIV-negative co-
hort and the degree of waning was relatively quicker in PLWH; however, peak estimates were comparable
in both populations.
© 2022 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
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Yet, the evidence regarding the effectiveness of COVID-19 vaccines
in this high-risk group remains sparse because PLWH have been
largely under-represented in vaccine trials [9]. Given the paucity
of research in this area and the ongoing pandemic despite mass
vaccination roll-out, it is important to evaluate COVID-19 vaccine
effectiveness (VE) to inform COVID-19 vaccine strategies for PLWH.
In British Columbia (BC), Canada, there were an estimated
10,682 PLWH in 2022, over 90% of whom are currently linked to
HIV care [10] and can be identified within population-level provin-
cial health services databases. The integration of provincial COVID-
19 immunization records and COVID-19 outcome data enables as-
sessment of VE at a population level, including for previously un-
derstudied population subgroups, such as PLWH. One such ap-
proach is the test-negative design (TND), which has been widely
used to assess the VE for influenza [11] and, more recently, COVID-
19 [12,13]. The TND is a modified case-control design, where vac-
cination status is compared between test-positive cases and test-
negative controls [14]. However, the TND has been shown to be
less prone to the selection and misclassification biases that com-
monly plague case-control studies via selecting cases and controls
among those who present for testing [15-17]. Findings from Cana-
dian studies using the TND to estimate VE against infection in the
general population have reported estimates >90% [12,13,18] yet it
remains unclear to what extent these estimates apply to PLWH.
Our best knowledge of COVID-19 vaccines in PLWH come
from immunogenicity studies, which have shown that immune re-
sponses in PLWH with CD4 count >250 cells/mm? appear com-
parable to those in the larger population [19,20]. However, these
studies provide us with limited insight into the real-world impact
of COVID-19 vaccines in PLWH. Consequently, population-based
studies provide us with the best available opportunity to evalu-
ate the real-world impact of COVID-19 vaccines in understudied
groups, such as PLWH. We estimated the VE of COVID-19 vaccines
against laboratory-confirmed infection and compared the VE esti-
mates with a matched HIV-negative cohort in the pre-Omicron era.

Methods
Study population, data sources, and design

This was a TND study using the BC COVID-19 Cohort (BCC19C)
to estimate VE among PLWH in BC. The BCC19C was established
as a collaboration among the BC Centre for Disease Control, the
Data Analytics, Reporting and Evaluation, the Provincial Health Ser-
vices Authority, and the BC Ministry of Health to support the
COVID-19 pandemic response. The BCC19C includes population-
level province-wide COVID-19 datasets, including SARS-CoV-2 test-
ing, COVID-19 case surveillance, hospitalizations, and vaccinations,
which are integrated with data from other provincial administra-
tive data holdings and registries, including (i) Medical Services Plan
(MSP), (ii) Chronic Disease Registry, (iii) Death Records (Vital Stats),
(iv) Client Roster; (v) Discharge Abstract Database (DAD), and (vi)
National Ambulatory Care Reporting System and Vital Statistics.
Detailed information related to the datasets is included in Supple-
mental File 1.

We included PLWH residing in BC, aged >19 years, access-
ing health care, and alive on December 15, 2020, who received a
laboratory test for SARS-Cov-2 between December 15, 2020 and
November 21, 2021. In BC, the testing policies during the study
period required individuals to display symptoms consistent with
COVID-19 before being tested (with exceptions for travelers). We
excluded those who tested positive for SARS-Cov-2 before the start
of the study period and those who received >3 doses from VE
analyses because we will seek to explore three-dose VE in future
studies. We specified the study period to coincide with the main-
streaming of vaccines in BC and the time before the first case of
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Omicron was detected in BC to account for the attenuating impact
of the Omicron variant on COVID-19 VE, which has been widely
reported in the research literature [18,21].

Ascertainment of PLWH status

We adapted a previously validated case-finding algorithm,
which has been previously described elsewhere [22], using the In-
ternational Classification of Disease (ICD) Ninth (ICD-9) and Tenth
(ICD-10) Revision diagnostic codes that have been associated with
HIV (see Supplemental File 2 for details on the case-finding algo-
rithm and the full list of diagnostic codes) to create a retrospective
cohort of PLWH. Briefly, individuals who had 3 or more physician
visits (MSP from 2008 to 2021), 1 or more hospitalization (DAD), or
1 or more emergency department visit for any of the HIV-related
codes in Supplemental File 2 were considered HIV cases. Modifi-
cations were made to the initial algorithm to include individuals
with a positive HIV laboratory test results based on provincial HIV
laboratory test interpretation guidelines and those in the HIV/AIDS
surveillance system [23].

Study variables

Outcome

Our primary study outcome was SARS-CoV-2 infection defined
as a positive laboratory-confirmed test identified using a provin-
cial database of COVID-19 test data. Those who tested positive
for SARS-CoV-2 during the study period were considered test-
positive “cases”, whereas those who tested negative were consid-
ered test-negative “controls”. For cases with multiple positive tests,
the first positive test was selected. We used the first test-positive
result only to minimize confounding the VE estimates with nat-
ural immunity from previous SARS-CoV-2 infection. For controls
with multiple test-negative results, a randomly selected negative
test was chosen.

Exposure of interest (COVID-19 vaccination status)

In BC, three vaccine products—BNT162b2 (Pfizer-BioNTech),
messenger RNA (mRNA)-1273 (Moderna), and ChAdOx1 (Oxford-
AstraZeneca)—have been mostly used in its vaccination program,
in addition to a small number of Janssen (Johnson and Johnson)
vaccines. Information on the specific vaccine type received (i.e.,
BNT162b2 [Pfizer-BioNTech], mRNA-1273 [Moderna], or ChAdOx1
[Oxford-AstraZeneca]) and the number of doses were obtained
from the BC Provincial Immunization Registry. For this study, in-
dividuals with a record of a single dose of any vaccine type were
considered for inclusion in the VE analyses. Because vaccination
strategies for multiple doses varied between homologous and het-
erologous vaccine schedules, owing to variations in vaccine supply,
any combination of any two of the vaccines were considered vac-
cinated with two doses. We also included information on vaccine
dose timing from the index date, which was defined as the date
the test specimen was collected.

Covariates

Demographic variables, such as age (categorized in 10-year in-
tervals), sex, socioeconomic status (using neighborhood income
quintiles) based on census data, and health region (ie., Fraser
Health, Interior Health, Northern Health, Vancouver Coastal Health,
and Vancouver Island Health) to which the individual belonged to
were obtained from the Client Roster. The health authorities delin-
eate important geographic distinctions relating to health care ser-
vice delivery that might provide insight into disparities, particu-
larly among PLWH (see Supplemental File 3 for detailed informa-
tion about health regions). Clinical information such as a history
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of comorbidities known to be associated with increased risk of ad-
verse COVID-19 outcomes were identified from the National Ambu-
latory Care Reporting System, Chronic Disease Registry, DAD, and
MSP databases using relevant ICD-9 and ICD-10 codes. This infor-
mation was subsequently used to calculate the Elixhauser comor-
bidity index, categorizing an individual’s history of comorbidities
as either 0 (no comorbidity), 1 (history of one comorbidity), 2 (a
history of two comorbidities), or three or more comorbidities [24].
Individuals who inject drugs were identified in the BCC19C using a
previously validated algorithm [25].

To account for the time variations in COVID-19 cases and vac-
cine roll-out throughout the length of the study period, we catego-
rized dates of testing into bi-weekly calendar time periods and epi-
demic waves. Our study period spanned COVID-19 epidemic waves
2-4 (wave 2: December 15, 2020 to February 6, 2021; wave 3:
February 7, 2021 to July 3, 2021; and wave 4: July 4, 2021 to
November 21, 2021).

Matched HIV-negative cohort

We matched each PLWH included in this study to an HIV-
negative individual on the following variables: age (5-year inter-
vals), sex, community health service area, and SARS-CoV-2 out-
come status. We defined individuals who are HIV-negative as those
who did not meet the PLWH algorithm. To increase the precision
of the VE estimates obtained from the matched HIV-negative co-
hort, we applied a one-to-many coarsened exact matching [26] ap-
proach to obtain as many HIV-negative matches from the general
population.

Statistical analyses

To describe the baseline characteristics of PLWH and the
matched HIV-negative cohort, we used means and standard de-
viation for continuous variables and frequencies and percentages
for categorical variables. Standardized differences (SDs) were then
used to compare baseline characteristics of test-positive and test-
negative PLWH cases, and test-positive and test-negative HIV-
negative cases. SD values of >0.10 were used to determine clini-
cally meaningful differences [27]. Multivariable logistic regression
was used to estimate the odds ratio (OR), comparing the odds of
COVID-19 vaccination between test-positive cases and test-negative
controls.

The adjusted analyses included covariates chosen based on
comparable VE studies and literature evidence documenting their
correlation with SARS-CoV-2 and HIV infection [12,28]. The fol-
lowing covariates were included in the adjusted models: age (10-
year age bands), sex, area-level income, health authority, number
of COVID-19 tests 3 months before the study period, Elixhauser co-
morbidity index, and bi-weekly testing periods. The VE was com-
puted using the formula (1 - OR) x 100%. We conducted two sep-
arate regression models to estimate and indirectly compare the VE
for the cohort of PLWH and the matched HIV-negative cohort, re-
spectively. We estimated the VE by time since receipt of vaccine
dose (i.e, >14 days after the first dose; 7-59, 60-89, 90-119, 120-
179 days after two doses).

Secondary VE analyses

In addition to the stratified VE analyses described above, we
conducted secondary analyses combining both the PLWH and HIV-
negative group in a single logistic regression model, specifying an
interaction term between the composite vaccination status vari-
able and PLWH status to estimate VE for each population. This
was done to account for known baseline and clinical differences
between both the PLWH and matched HIV-negative groups that
might not have been accounted for in the stratified VE analyses.
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We adjusted for the same covariates included in the stratified VE
analyses.

Data preparation was done using SAS Version 9.4 (SAS Insti-
tute Inc., Cary, NC, USA) and all statistical analyses were conducted
using R version 3.6.2 (R Foundation for Statistical Computing). All
tests were two-sided, with P <0.05 used as the level of statistical
significance.

Results

There were 8200 PLWH identified in the BCC19C dataset. Be-
tween December 15, 2020, when the vaccines became available,
and November 21, 2021, a total of 2700 PLWH tested for SARS-CoV-
2 and were eligible to be included in this study. Of the eligible co-
hort, 351 (13.0%) tested positive, whereas 2349 (87.0%) tested neg-
ative, constituting our test-positive “cases” and test-negative “con-
trols”, respectively (Figure 1). After matching, we included a total
of 375,043 (103,049 [27.5%] test-positive cases and 271,994 [72.5%]
test-positive “controls”) in the matched HIV-negative group who
tested for SARS-CoV-2 within the same study period and formed
the comparator cohort for this study. The bi-weekly testing pat-
terns across both PLWH and the HIV-negative groups were mostly
comparable, except for between March and April 2021 (epidemic
wave 3) and September and October 2021 (epidemic wave 4),
where noticeable spikes in the proportion of individuals who are
HIV-negative and PLWH, who tested negative, respectively, were
observed (Figure 2).

PLWH

The baseline and clinical characteristics of the study popula-
tion by COVID-19 testing status are described in Table 1. The co-
hort of PLWH identified was predominantly male (71.4%, 1927),
which is broadly representative of the PLWH in BC [10]. A to-
tal of 2377 (88.4%) participants had received at least one vaccine
dose by the end of the study period. Of those vaccinated, 1773
(65.7%) had received two vaccine doses at the study index date.
Compared with test-negative controls, test-positive PLWH were
younger (mean age: 48.7 [SD = 11.9] years vs 50.6 [SD = 13.2]
years), had a higher proportion of females, individuals in the 40-49
age group, individuals who live in the Northern health authority,
and individuals who inject drugs. In addition, test-positive PLWH
had lower proportions of people who received three vaccine doses,
individuals with only one comorbidity, epidemic wave 3 infection
(February 7, 2021 to July 3, 2021), individuals who have received
any of the three main vaccine types, and individuals who live in
the Vancouver Island Health Authority. (Table 1).

VE estimates from unadjusted and adjusted models are pre-
sented in Table 2 and Figure 3, respectively. The adjusted VE
against laboratory-confirmed infection >14 days after the first dose
was 49.0% (95% confidence interval [CI] = -14.6-77.3%). The VE 7-
59 days after the second vaccine dose was 71.1% (95% CI = 39.7-
86.1%); this increased to 89.3% (95% CI = 72.2-95.9%) 60-89 days
after the second dose and was preserved up to 90-119 days. We
found evidence suggestive of the vaccine waning 120-179 days af-
ter the second dose (VE = 51.3% [95% CI = 4.8-75.0%]; Figure 3).

Matched HIV-negative cohort

Among the matched cohort of individuals who were HIV-
negative by the end of the study period, 330,196 (88.0%) had re-
ceived at least a single vaccine dose; of those vaccinated, 279,726
(75.4%) had received two vaccine doses at the study index date.
Compared with test-negative controls, test-positive participants
were younger (mean age: 44.3 [SD = 17.3] years vs 51.2 [SD = 19.1]
years), had higher proportions of individuals aged 19-29 and 30-39
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Table 1
Demographic and clinical characteristics of study participants by SARS-CoV-2 testing status.

Matched HIV-negative

Study characteristics People living with HIV (n = 2700) SDs cohort(n = 375 043) SDs
Test-positive Test-negative
case control Positive Negative
n, %* (n = 351) (n= 2349) (n = 103,049) (n = 271,994)
Mean age (SD) 48.7 (11.9) 50.6 (13.2) 0.15 44.8 (17.3) 51.2 (19.1) 0.35
Age group
19-29 19 (5.4%) 146 (6.2%) 0.03 23,447 (22.8%) 43,737 (16.1%) 0.17
30-39 68 (19.4%) 393 (16.7%) 0.07 22,557 (21.6%) 44,341 (16.3%) 0.14
40-49 97 (27.6%) 497 (21.2%) 0.15 19,098 (18.5%) 42,814 (15.7%) 0.07
50-59 100 (28.5%) 729 (31.0%) 0.06 16,810 (16.3%) 43,039 (15.8%) 0.01
60-69 51 (14.5%) 414 (17.6%) 0.08 11,642 (11.3%) 42,149 (15.5%) 0.12
70-79 14 (4.0%) 135 (5.8%) 0.08 5924 (5.8%) 36,881 (13.6%) 0.27
>80 <5 35 (1.5%) 0.09 3871 (3.8%) 19,037 (7.0%) 0.14
Sex
Female 127 (36.2%) 646 (27.5%) 0.19 51,354 (49.8%) 138,719 (51.0%) 0.02
Neighborhood income
(quintiles)
Lowest 157 (44.7%) 971 (41.3%) 0.07 23,631 (22.9%) 54,962 (20.2%) 0.07
2 60 (17.1%) 461 (19.6%) 0.07 21,143 (20.5%) 51,626 (19.0%) 0.04
3 57 (16.2%) 421 (17.9%) 0.04 20,170 (19.6%) 55,468 (20.4%) 0.02
4 51 (14.5%) 319 (13.6%) 0.03 20,389 (19.8%) 56,614 (20.8%) 0.03
Highest 26 (7.4%) 174 (7.4%) 0 17,522 (17.0%) 52,928 (19.5%) 0.06
Persons who inject drugs
Yes 176 (50.1%) 922 (39.3%) 0.22 5703 (5.5%) 10,557 (3.9%) 0.08
Number of vaccine doses
0 75 (21.4%) 248 (10.6%) 0.30 21,153 (20.5%) 23,694 (8.7%) 0.34
1 26 (7.4%) 155 (6.6%) 0.03 6437 (6.3%) 9804 (3.6%) 0.12
2 224 (63.8%) 1549 (65.9%) 0.04 71,217 (69.1%) 208,509 (76.7%) 0.17
3 26 (7.4%) 397 (16.9%) 0.29 4242 (4.1%) 29,987 (11.0%) 0.26
Pandemic wave
Wave 2: December 15, 2020 to 74 (21.1%) 467 (19.9%) 0.03 16,886 (16.4%) 47,159 (17.3%) 0.03
February 6, 2021
Wave 3: February 7, 2021 to 124 (35.3%) 963 (41.0%) 0.12 45,220 (43.9%) 106,567 (39.2%) 0.10
July 3, 2021
Wave 4: July 4, 2021 to 153 (43.6%) 919 (39.1%) 0.09 40,943 (39.7%) 118,268 (43.5%) 0.08
December 4, 2021
Time since first dose (days)
0-13 <5 15 (0.64) 0.16 548 (0.53) 671 (0.25) 0.01
>14 11 (3.13) 54 (2.30) 0.14 1282 (1.24) 2906 (1.07) 0.19
Time since second dose
(days)
0-6 <5 12 (0.51) 0.04 603 (0.59) 2041 (0.75) 0.23
7-59 14 (3.99) 171 (7.28) 0.58 2687 (2.61) 24,652 (9.06) 0.94
60-119 18 (5.13) 255 (10.86) 0.70 3209 (3.11) 41,527 (15.27) 0.86
120-179 22 (6.27) 121 (5.15) 0.23 3581 (3.48) 16,981 (6.24) 0.65
>180 <5 11 (0.47) 0.02 3452 (3.35) 1766 (0.65) 0.14
Time since third dose
0-6 <5 10 (0.43) 0.07 110 (0.11) 564 (0.21) 0.15
>7-29 <5 25 (1.06) 0.36 135 (0.13) 1654 (0.61) 0.32
Elixhauser comorbidity index
0 39 (11.1%) 268 (11.4%) 0.01 32,433 (31.5%) 64,317 (23.7%) 0.18
1 37 (10.5%) 342 (14.6%) 0.12 25,722 (25.0%) 60,743 (22.3%) 0.06
2 58 (16.5%) 339 (14.4%) 0.06 16,982 (16.5%) 47,039 (17.3%) 0.02
3 or more 217 (61.8%) 1400 (59.6%) 0.05 27,912 (27.1%) 99,895 (36.7%) 0.21
Health authority
Interior 23 (6.6%) 189 (8.1%) 0.06 19,046 (18.5%) 54,524 (20.1%) 0.04
Fraser 111 (31.6%) 651 (27.7%) 0.09 42,175 (40.9%) 70,581 (26.0%) 0.32
Vancouver Coastal 175 (49.9%) 1218 (51.9%) 0.04 22,764 (22.1%) 63,013 (23.2%) 0.03
Vancouver Island 20 (5.7%) 217 (9.2%) 0.14 8077 (7.8%) 57,540 (21.2%) 0.39
Northern 22 (6.3%) 71 (3.0%) 0.15 10,798 (10.5%) 25,976 (9.6%) 0.03
Vaccine received
Pfizer 217 (61.8%) 1592 (67.8%) 0.12 57,959 (56.2%) 172,630 (63.5%) 0.15
Moderna 74 (21.1%) 659 (28.1%) 0.16 27,878 (27.1%) 98,048 (36.1%) 0.19
AstraZeneca 20 (5.7%) 222 (9.5%) 0.14 5335 (5.2%) 17,078 (6.3%) 0.05
Other 0 <5 0.04 151 (0.2%) 174 (0.1%) 0.03
Number of tests 3 months
before December 15, 2020
0 255 (72.7%) 1707 (72.7%) 0.00 88,105 (85.5%) 226,567 (83.3%) 0.06
1 70 (19.9%) 455 (19.4%) 0.01 12,826 (12.5%) 38,294 (14.1%) 0.04
2 14 (4.0%) 124 (5.3%) 0.06 1573 (1.5%) 5395 (2.0%) 0.03
3 12 (3.4%) 63 (2.7%) 0.04 545 (0.5%) 1738 (0.6%) 0.01

2 Unless otherwise specified.SD, standardized difference.SDs of >0.10 are considered clinically relevant.
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n= 8200

as of Dec 15, 2020

PLWH, aged >19 and above, BC resident, and alive

Excluded
n= 5500 (not tested for SARS-Cov-2; and

A4

v

<5 who could not be matched with an
HIV-negative comparator)

n=2700

PLWH who lab-tested for SARS-Cov-2

n=351 (13.0%)
SARS-CoV-2 test positive PLWH

N="175 N=276

Unvaccinated Vaccinated (>1

dose)

|

n= 2349 (87.0%)

SARS-CoV-2 test negative PLWH

v v
N= 248 N =2101
Unvaccinated Vaccinated (>1

dose)

Figure 1. Study flow diagram for PLWH cohort.
BC, British Columbia; PLWH, people living with HIV.

years, with no comorbidities, pandemic wave 3 infections, those
residing in the Fraser Health Authority, and individuals who re-
ceived either no vaccines or one vaccine dose. Conversely, test-
positive participants had lower proportions of those in age groups
60-69, 70-79, and >80 years, individuals who received two and
three vaccine doses, individuals with three or more comorbidities,
those who reside in the Vancouver Island Health Authority, and in-
dividuals who received a Pfizer or Moderna vaccine dose (Table 1).

Among the matched cohort, the adjusted VE against infection
>14 days after the first dose was 54.5% (95% Cl = 51.0-57.7%). This
increased 7-59 days after second vaccine dose, peaking at 91.4%
(95% CI = 90.9-91.8%). The VE was preserved 60-89 days after the
second dose (VE = 89.6% [95% CI = 89.1-90.1%]) and up to 90-119
days after the second dose (VE = 87.5% [95% Cl = 86.9-88.1%]). The
VE 120-179 days after the second dose was 84.2% (95% CI = 83.4-
85.0%; Figure 3).
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Secondary analyses comparing VE by HIV status

The adjusted VE estimates from the secondary VE analyses are
presented in Table 3. Overall, the findings from the secondary VE
analyses appear comparable to those from the stratified analy-
ses presented above. For example, the VE peaked earlier in the
matched cohort 7-59 days after the receipt of the second dose at
91.3% (95% CI = 90.9-91.8%) compared with 78.1% (95% CI = 59.4-
88.1%). Similar to the findings from the stratified analyses, waning
was observed 120-179 days after the receipt of the second dose
for both cohorts; however, the degree of waning was more pro-
nounced in PLIWH (VE = 58.2% [95% CI = 28.7-75.5%] compared
with 84.2% [95% ClI = 83.4-85.0%] in the matched cohort). The find-
ings from the interaction term analyses show that the differences
in the VE for PLWH and participants who are HIV-negative 7-59
days (P-value = 0.003) and 120-179 days (P-value <0.001) after



A. Fowokan, H. Samji, ].H. Puyat et al.

100

Percentage

50

25

00

1"

|

2021_01
2021_02
2021_03
2021_04
2021_05
2021_06
2021_07
2021_08
2021_08

2020_26

&
8
&

@ 2021_10
i?ﬁﬂ
<

§ 2021_12

International Journal of Infectious Diseases 127 (2023) 162-170

HIV- & C18-
HIV- & C10+
= = PLWH&C19-
m— PLWH & C19+

2021_17
2021_18
2021_18
2021_20
2021_21
2021_22
2021_23
2021_24

Figure 2. Proportion of PLWH and matched HIV-negative cohort who tested positive and negative for SARS-CoV-2 by bi-weekly period

C19+, test-positive (cases); C19-, test-negative (controls); PLWH, people living with HIV.

Table 2

Unadjusted VE estimates of COVID-19 vaccines against laboratory-confirmed infection during the study period, by time

since vaccine dose.

People living with HIV (n = 2700)

Matched HIV-negative cohort (n = 375,043)

VE (%) Lower CI (%) Upper CI (%) VE (%) Lower CI (%) Upper CI (%)
15t dose (>14 days) 32.6 -35.4 66.5 50.6 471 53.8
2nd dose (7 to 59 days) 72.9 50.5 85.2 87.8 87.2 88.3
2 dose (60 to 89 days) 83.0 59.9 92.8 82.7 81.9 83.4
2" dose (90 to 119 days) 71.2 45.3 84.9 80.7 79.9 81.5
2" dose (120 to 179 days)  39.9 -1.4 64.3 77.2 76.3 78.1

Cl, confidence interval; VE, vaccine effectiveness.

Table 3

Combined test-negative design estimate of VE against laboratory-confirmed infection.

People living with HIV (n = 2700)

Matched HIV-negative cohort (n = 375,043)

VE (%) Lower CI (%) Upper CI (%) VE (%) Lower CI (%) Upper CI (%)
1t dose (>14 days) 41.0 -214 71.4 54.5 51.0 57.7
2" dose (7 to 59 days) 78.1 59.4 88.1 91.3 90.9 91.8
2" dose (60 to 89 days) 89.5 74.9 95.6 89.6 89.1 90.1
2" dose (90 to 119 days) 81.4 64.2 90.3 87.5 86.9 88.1
2" dose (120 to 179 days)  58.2 28.7 75.5 84.2 834 85.0

Cl, confidence interval; VE, vaccine effectiveness.

Estimates were adjusted for baseline differences between people living with HIV and the matched HIV-negative cohort on
the following variables: age, sex, area-level income, health authority, number of COVID-19 tests 3 months prior to study
period, Elixhauser comorbidity index, and bi-weekly testing periods.

the receipt of the second dose were statistically significant (Sup-
plemental File 4).

Discussion

Applying the TND to a retrospective cohort of 2700 PLWH
and over 375,000 matched non-PLWH in BC from December 15,
2020 to November 21, 2021, we found that two doses of COVID-
19 vaccines offered considerable protection against laboratory-
confirmed infection among both PLWH and individuals who were
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HIV-negative during the pre-Omicron period. Among PLWH, VE es-
timates 1 week to 2 months after the receipt of two vaccine doses
were 71.1% (39.7 to 86.1%), rising to 89.3% (72.2, 95.9%) up to 3
months after the receipt of the vaccine doses, and were relatively
sustained for up to 4 months. We found evidence of vaccine wan-
ing 4-6 months after the receipt of two COVID-19 vaccine doses,
with the VE against infection declining to 51.3%.

Compared with the matched HIV-negative cohort, we observed
different patterns in the VE estimates. For example, the VE peaked
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Figure 3. Adjusted vaccine effectiveness estimates of COVID-19 vaccines against laboratory-confirmed infection during the study period, by time since vaccine dose.

PLWH, people living with HIV.

earlier in the matched HIV-negative cohort at 91.4% 7-59 days af-
ter the second dose; whereas in PLWH, the VE peak was observed
later 60-89 days after the second dose. Similarly, the differences in
the pattern of waning between the two populations were evident.
After reaching their individual peaks, VE was relatively sustained
in the matched HIV-negative cohort up to 3 months after the sec-
ond dose, with waning observed after the 4-month mark, with a
VE of 84.2%. Although similar patterns of waning were observed in
the PLWH cohort at the 4-month mark, the degree to which wan-
ing occurred was higher in PLWH with a VE estimate of 51.3% 4
months after the receipt of two doses. These findings compared
with our VE estimates in PLWH affirm our findings that although
COVID-19 vaccines are effective in PLWH, a longer period might be
required to achieve effectiveness levels noticed earlier in the larger
non-HIV population, and that waning might occur earlier in PLWH
than in otherwise healthier cohorts. However, these results appear
in contrast to findings from immunological studies that show sim-
ilar antibody responses in PLWH with high CD4 counts compared
with healthy controls [19,20,29]. It is possible that the VE patterns
we observed for PLWH relative to the HIV-negative cohort might
be explained by the CD4 count distribution, as was reported in a
study of VE of the Sputnik vaccines in PLWH [30], but CD4 count
data were unavailable for PLWH in this cohort. The VE against in-
fection for those with CD4 count <350 cells/ul was 73% compared
with 79% in those with CD4 >350 cells/ul [30]. Consequently, un-
derstanding the role that HIV clinical parameters play in impacting
VE will be integral to fully informing COVID-19 strategies in PLWH.

Our VE estimates among the HIV-negative cohort are in line
with other studies estimating the real-world VE of COVID-19 vac-
cines in the general population during pre-Omicron periods. Al-
though the study periods we report were different, in Ontario,
Canada, Chung et al. [12] reported a VE of 91% against symp-
tomatic infection 7 days after the receipt of two doses. Likewise
in a cohort of BC and Quebec participants, the two-dose mRNA
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VE against symptomatic infection was sustained at 90% through
the third month, with slight declines noted, but were sustained at
>80% up until the 6-7 months [12,13]. It should be noted that the
period specified in these studies were also before the spread of the
Omicron variant.

To the best of our knowledge, there are no known studies esti-
mating the real-world effectiveness of the included vaccines solely
among PLWH, thus limiting our ability to contextualize our VE
findings within the broader PLWH context. However, mixed pat-
terns were observed in other immunocompromised populations.
In a meta-analysis estimating the pooled, short-term, two-dose
VE of COVID-19 vaccines against symptomatic infection in im-
munocompromised individuals (n = 42,821, including recipients
of hematopoietic cell or solid organs transplant; patients with in-
flammatory disorders; PLWH; patients under immunosuppressive
therapy; asplenia; and chronic renal failure: advanced kidney dis-
ease, dialysis, or nephrotic syndrome, etc.), the VE was 70.4% (95%
Cl = 18.9-89.2%) [31]. Individual study estimates from the included
studies, however, ranged from 63% to 80%. One of the studies
[32] included in the meta-analysis enrolled a merged immuno-
compromised cohort that contained a population of PLWH; yet,
the sampling approach adopted precluded us from making direct
HIV-related VE comparisons. Another review comparing VE in im-
munocompromised populations to the general population by vac-
cine type found that the Pfizer-BioNTech (BNT162b2) had the high-
est VE in immunocompromised populations (90% in immunocom-
promised population to 93% in the general population). The low-
est VE reported in an immunocompromised cohort was for the
Ad26.COV2.S (Janssen vaccine; 64% VE in the immunocompromised
cohort to 79% in the general population) [33]. Taken together, these
findings suggest that although the VE in the immunocompromised
population might be lower relative to the broader population, the
vaccine type and health conditions are relevant factors to consider.
Future studies, where possible, should refrain from sampling ap-
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proaches that treat individuals considered to be immunocompro-
mised as a homogenous cohort.

Lastly, although we provide findings highlighting the real-world
effectiveness of COVID-19 vaccines against SARS-CoV-2 infection,
low hospitalizations and death counts impeded our ability to es-
timate the VE against hospitalizations and deaths in PLWH. Future
studies are needed to examine severe outcomes to provide a com-
plete outlook on the impact of COVID-19 vaccines in PLWH. This
will help provide the totality of real-world evidence to inform vac-
cine strategies in this priority population.

Study limitations and strengths

Low event counts prevented us from generating more precise
estimates and inhibited our ability to estimate VE against hospi-
talizations and death. In addition, the absence of HIV clinical char-
acteristics impeded our ability to provide information on the HIV
profile of the cohort. This prevents the identification of subpop-
ulations of PLIWH who may be more likely to experience lower
VE (e.g., individuals not on antiretroviral treatment, worse immune
status, etc.). Available estimates, however, suggest that among the
diagnosed PLWH in BC, about 92% are on antiretrovirals, whereas
about 95% have suppressed viral loads [34]. Although the use of
the algorithms enabled PLWH case identification within adminis-
trative holdings, the imprecise sensitivity of the adapted algorithm
at 88% means some PLWH might have been missed, potentially im-
pacting study findings. Although the modifications [23] made to
the algorithm helped to address some of this, validation informa-
tion on the modifications might be needed to better inform its use
in PLWH case identification. We were also limited in our ability to
stratify findings by the dominant variants during our study period.
However, data from other studies showing comparable VE rates
during similar time periods may suggest that stratification by the
dominant strains within our specified period might not be as im-
portant. In addition, the use of specimen collection date as a proxy
of SARS-CoV-2 symptom onset restricted our ability to limit the
VE analysis to individuals who were tested within a specific time
since the onset of symptoms, potentially resulting in outcome mis-
classification. The study strengths include the novel nature of this
research and the methodological approach adopted, which allowed
us to estimate the real-world VE in this population and provide us
with critical insight into the impact of COVID-19 in this population.

Conclusion

Our study demonstrates that the effectiveness of two doses of
COVID-19 vaccines among PLWH is broadly similar to the VE in the
general population against confirmed SARS-CoV-2 infection up un-
til November 2021, representing the period before Omicron circu-
lation in Canada. Future work will evaluate the impact of Omicron
and other variants on VE among PLWH, test whether the observed
trends in earlier waning are confirmed, and evaluate the VE against
hospitalizations and deaths among PLWH.
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