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ABSTRACT
Introduction  Most existing vaccines require higher or 
additional doses or adjuvants to provide similar protection 
for people living with HIV (PLWH) compared with HIV-
uninfected individuals. Additional research is necessary to 
inform COVID-19 vaccine use in PLWH.
Methods and analysis  This multicentred observational 
Canadian cohort study will enrol 400 PLWH aged >16 
years from Montreal, Ottawa, Toronto and Vancouver. 
Subpopulations of PLWH of interest will include individuals: 
(1) >55 years of age; (2) with CD4 counts <350 cells/
mm3; (3) with multimorbidity (>2 comorbidities) and (4) 
‘stable’ or ‘reference’ PLWH (CD4 T cells >350 cells/mm3, 
suppressed viral load for >6 months and <1 comorbidity). 
Data for 1000 HIV-negative controls will be obtained via 
a parallel cohort study (Stop the Spread Ottawa), using 
similar time points and methods. Participants receiving >1 
COVID-19 vaccine will attend five visits: prevaccination; 
1 month following the first vaccine dose; and at 3, 6 
and 12 months following the second vaccine dose. The 
primary end point will be the percentage of PLWH with 
COVID-19-specific antibodies at 6 months following the 
second vaccine dose. Humoral and cell-mediated immune 
responses, and the interplay between T cell phenotypes 
and inflammatory markers, will be described. Regression 
techniques will be used to compare COVID-19-specific 
immune responses to determine whether there are 
differences between the ‘unstable’ PLWH group (CD4 <350 
cells/mm3), the stable PLWH cohort and the HIV-negative 
controls, adjusting for factors believed to be associated 
with immune response. Unadjusted analyses will reveal 
whether there are differences in driving factors associated 
with group membership.
Ethics and dissemination  Research ethics boards at all 
participating institutions have granted ethics approval for 
this study. Written informed consent will be obtained from 
all study participants prior to enrolment. The findings will 
inform the design of future COVID-19 clinical trials, dosing 
strategies aimed to improve immune responses and 
guideline development for PLWH.

Trial registration number  NCT04894448.

BACKGROUND
In Canada today, an estimated 67 000 people 
are living with HIV (PLWH), 30% of whom 
are immune non-responders,1 defined as 
achieving undetectable HIV viral levels without 
robust CD4 T cell count recovery (<350 cells/
mm3). Even with fully suppressed viral load 
on antiretroviral therapy (ART), chronic HIV 
infection is characterised by a low-grade eleva-
tion in pro-inflammatory and procoagulant 
biomarkers linked with higher mortality.2–4 

Strengths and limitations of this study

	► The largest and most comprehensive immunogenic-
ity study in people living with HIV in Canada receiv-
ing COVID-19 vaccination.

	► Emphasis on recruiting participants frequently ex-
cluded from pharmaceutical company-sponsored 
trials and those most likely to have poor outcomes 
following COVID-19 infection (including individuals 
of older age, immune non-responders and persons 
with multimorbidity).

	► Assays used will enable differentiation between 
individuals with immunity from natural COVID-19 
infection versus vaccine-induced immunity, in addi-
tion to detection of immunity towards key variants 
of concern.

	► Involvement of community members from study 
conception to protocol development and study 
implementation.

	► Limitations include relatively late study start, re-
cruitment restricted to major urban centres and 
variations in timing between vaccine doses among 
participants.
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Poor immunogenicity to common vaccines, including influ-
enza,5 pneumococcal,6 7 meningococcal6 7 and hepatitis 
A8–10 and B vaccines,11–13 is well-documented in PLWH with 
low CD4 T cell counts (<200 cells/mm3) and unsuppressed 
viral loads.14–16 PLWH face other intersecting vulnerabili-
ties that increase their risk of SARS-CoV-2 acquisition and 
symptomatic/severe COVID-19; they commonly belong 
to low socioeconomic or racialized groups disproportion-
ately affected by COVID-19 and have higher rates of risk 
factors for severe COVID-19 disease (eg, multiple chronic 
comorbidities).17–19 Yet, this priority population has been 
understudied in COVID-19 vaccine clinical trials.3 20 Most 
HIV-seropositive participants enrolled in COVID-19 vaccine 
trials had normal CD4 T cell counts (>500 cells/mm3) and 
few comorbidities.21 22 As such, the immunogenicity results 
may not represent the wide spectrum of PLWH who are 
followed in Canadian centres today.

For the AstraZeneca/Oxford COVID-19 vaccine trial 
(ChAdOx1, n=160 PLWH) inclusion criteria specified 
younger age (<55 years old) and high CD4 T cell count 
(>350 cells/mm3) while excluding medical comorbidi-
ties (eg, heart, kidney, liver, respiratory diseases, etc).21 
The data obtained from PLWH were not included in 
the primary publication.21 The Moderna trial included 
HIV-positive participants (n=176 PLWH) with CD4 T cell 
count ≥350 cells/mm3 and an undetectable HIV viral load 
within the past year.23 COVID-19 infection developed in 11 
PLWH who received placebo but none who received the 
Moderna vaccine. The Johnson & Johnson trial (n=1218 
PLWH) included participants with ‘stable/well-controlled 
HIV infection’ (defined as CD4 T cell counts ≥300 cells/
µL within 6 months prior to screening and documented 
HIV viral load  <50 copies/mL within 6 months prior to 
screening) but excluded participants with ongoing and 
progressive comorbidities associated with HIV infection.24 
COVID-19 infection developed in two vaccinated PLWH and 
four PLWH given placebo. The Novavax trial, conducted in 
South Africa, excluded PLWH with chronic cardiovascular 
disease (CVD), gastrointestinal disease, liver disease, renal 
disease, endocrine disorder and neurological illness, as 
well as participants with very high body mass index (≥40 
kg/m2).22 As reported by Shinde et al, efficacy of the NVX-
CoV2373 COVID-19 vaccine against the B.1.351 variant was 
examined in 1857 individuals in South Africa, of whom 30% 
(500 individuals) had HIV infection.25 The vaccine efficacy 
estimate in baseline seronegative HIV-negative participants 
was 52.2% (95% CI −24.8 to 81.7). During the first 60 days 
of follow-up, the incidence of COVID-19 in HIV-negative 
placebo participants (5.3% (95% CI 4.3 to 6.6) was compa-
rable to the incidence in PLWH placebo participants with 
HIV (5.2% (95% CI 3.6 to 7.2)).26 Among HIV-negative 
participants, there were four and two cases of symptom-
atic COVID-19 among NVX-CoV2373 and placebo recipi-
ents, respectively (n<109 in each group).26 No cases were 
observed in the baseline HIV-positive population (n<33 in 
each group).26 Among 94% of participants without HIV, 
vaccine efficacy was 60.1%. The study was not powered to 
detect efficacy in the small population of PLWH.26

While several other trials included PLWH, they excluded 
their data from primary publication.20 21 27 In a recent report 
by Ruddy et al, which examined COVID-19 antibody response 
in 12 PLWH with a median of 21 days (IQR 17–27) following 
the first dose of mRNA vaccine (50% Moderna and 50% 
Pfizer), antibodies were detected in all participants, although 
lower levels were observed in persons with lower CD4 T cell 
counts.26 In this study, all 12 individuals were male, 8% were 
non-white, all had been on ART >6 months and 92% had an 
undetectable HIV viral load. Two individuals had a CD4 T 
cell count below 200 cell/mm3.26

We lack robust data on vaccine immunogenicity and 
immune response durability in subpopulations of PLWH. 
No evidence is available on the durability of immunogenicity 
in PLWH beyond 3 months following vaccination. Since the 
hallmark of HIV infection is a reduced number and function 
of CD4 T cells, and cell-mediated immunity has emerged as 
a critical aspect of the COVID-19 immune response,28–30 it is 
critical to characterise cellular immune and cytotoxic T cell 
responses to COVID-19 vaccination.31–33

Given that inflammatory markers may influence 
immune cell activation status and shift cell profiles towards 
either T helper (Th)1 or Th2 responses, impacting 
vaccine-elicited immune response,34 understanding the 
interplay between immune activation and dysfunction is 
also important. To address this need, we are establishing 
a pan-Canadian prospective cohort of PLWH receiving 
COVID-19 vaccines to assess humoral and cellular immu-
nogenicity and to describe the inflammatory milieu in 
this context. Safety and tolerability of COVID-19 vaccines 
in this cohort of PLWH will also be captured. Of note, 
COVID-19 vaccines currently approved for use in Canada 
include those manufactured by Pfizer, Moderna, Astra-
Zeneca and Janssen (Johnson & Johnson) (https://www.​
canada.​ca/​en/​health-​canada/​services/​drugs-​health-​
products/​covid19-​industry/​drugs-​vaccines-​treatments/​
authorization/​list-​drugs.​html). Since the beginning of 
the vaccine rollout, Pfizer and Moderna vaccines were 
administered most often as they were the first to gain 
approval by Health Canada. Although approved, due to 
concerns associated with cerebral venous sinus throm-
bosis and vaccine-induced immune thrombotic thrombo-
cytopenia, use of the AstraZeneca COVID-19 vaccine has 
been restricted in some provinces.

Study objectives
Primary objective
To evaluate the immunogenicity of COVID-19 vaccina-
tion in PLWH, by specific immunoglobulin G antibody 
ELISA, at 6 months following second vaccine dose.

Secondary objectives
1.	 To assess neutralisation capacity of COVID-19-specific 

IgG at 6 months following second vaccine dose.
2.	 To assess the durability of COVID-19-specific IgG re-

sponse in PLWH at 12 months following vaccination.
3.	 To examine changes in the proportion and activation 

phenotype of CD4 T cells, CD8 T cells, B cells, natural 

https://www.canada.ca/en/health-canada/services/drugs-health-products/covid19-industry/drugs-vaccines-treatments/authorization/list-drugs.html
https://www.canada.ca/en/health-canada/services/drugs-health-products/covid19-industry/drugs-vaccines-treatments/authorization/list-drugs.html
https://www.canada.ca/en/health-canada/services/drugs-health-products/covid19-industry/drugs-vaccines-treatments/authorization/list-drugs.html
https://www.canada.ca/en/health-canada/services/drugs-health-products/covid19-industry/drugs-vaccines-treatments/authorization/list-drugs.html
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killer cells and monocytes, including gene expression 
and cytokine production, pre-COVID-19 and post-
COVID-19 vaccination at 6 months following second 
vaccine dose.

4.	 To determine safety and tolerability of COVID-19 vac-
cines in PLWH, based on local or systemic adverse 
events following first or second injections.

Exploratory objectives
1.	 To determine if subpopulations of PLWH respond dif-

ferently to COVID-19 vaccination. Subpopulations of 
interest include (1) PLWH  >55 years of age; (2) im-
mune non-responders (ART treated, and fully sup-
pressed HIV RNA (<40 copies/mL), but CD4 T cell 
counts below 350 cells/mm3 and CD4/CD8 T cell 
ratio  <0.75); (3) PLWH with multimorbidity (two or 
more chronic diseases) and (4) PLWH ‘reference’ par-
ticipants (with CD4 T cells >350 cells/mm3, suppressed 
viral load for at least 6 months and have at most one 
comorbidity) (note: groups will not be mutually exclusive 
but will likely have overlapping characteristics).

2.	 To investigate if current COVID-19 vaccines elicit IgG 
that cross-recognise key COVID-19 variants of concern 
(VoC), and if this differs in PLWH compared with indi-
viduals without HIV.

3.	 To compare virus-specific T cell responses generated 
by COVID-19 vaccines in PLWH and compare results 
with HIV-negative populations.

METHODS AND ANALYSIS
Study design
This study is a multicentre prospective observational cohort 
study. Approximately 400 PLWH aged >16 years will be 
recruited from 4 sites in 3 Canadian provinces including 
(1) McGill University Health Centre(Montreal), (2) The 
Ottawa Hospital, (3) The University Health Network 
(Toronto) and (4) St. Paul’s Hospital (Vancouver). 
These sites were selected since these siteshave four of the 
largest HIV clinics in Canada and established research 
infrastructures to support the recruitment, enrolment 
and follow-up of a high volume of diverse study partici-
pants. These sites also have strong track records for rapid 
enrolment of participants in CIHR Canadian HIV Trials 
Network (CTN) studies. Sites provide HIV care for many 
clients who are visible minorities and who have multiple 
comorbidities. These sites will recruit a study population 
representative of PLWH most likely to be impacted by 
detrimental COVID-19-related outcomes.19 Data for HIV-
negative individuals will be obtained from the Stop the 
Spread Ottawa (SSO) cohort. Since we will not perform 
additional analyses on the samples of the SSO cohort, 
we can include all the participants in the SSO study and 
matching of HIV-negative and HIV-positive participants 
will not be required.

Determination of which vaccine is administered at 
any point in time and to which individuals is dictated by 
Canada’s provincial governments, with input from the 

National Advisory Committee on Immunization (NACI), 
and is not influenced by study investigators or staff. We 
will include participants irrespective of the specific type 
of COVID-19 vaccine. Furthermore, the duration of the 
interval between first and second doses time from when 
the vaccine was administered will not influence eligibility, 
since Canada has decided to extend dose intervals for all 
two dose vaccines to 4 months. However, the duration 
of interval between vaccine doses will be included as an 
outcome variable.

Methods: participants, intervention and comparator and 
outcomes
Inclusion criteria
(1) Age >16 years; (2) HIV-positive for HIV group, immu-
nocompetent and generally in good health for the HIV-
negative group and (3) receiving >1 dose of COVID-19 
vaccine. Persons are still eligible to participate if they 
have already received one or two vaccine doses.

Exclusion criteria
(1) Receipt of any blood product or immunoglobulin 
preparation within 1 month of vaccine administration 
and until study completion; (2) signs/symptoms of 
active COVID-19 at the time of enrolment; (3) for the 
HIV-negative group: immunocompromised state or on 
immunosuppressant medications. Prior receipt of other 
vaccines <12 months or past COVID-19 infection is not an 
exclusion criteria but will be recorded. Detectable HIV 
viral load on ART is not exclusionary.

The following groups of PLWH will be prioritised for 
study enrolment:
1.	 Older age (55 years and above). Older age is associated 

with immunosenescence and results in lower vaccine 
efficacy.35–37 We have selected 55 as the specific age cut-
off since PLWH tend to develop comorbidities at an 
earlier age.

2.	 Immune non-responders (CD4 T cell count  <350 cells/
mm3, CD4/CD8 <0.75 with undetectable viral load for 
1+ year). Immune non-responders may be at risk of 
more adverse COVID-19-related outcomes than HIV 
immune responders.38–41

3.	 Multimorbidity (defined as having >2 comorbidities). 
Comorbidities may include CVD, co-infection, hyper-
tension, dyslipidaemia, diabetes, chronic obstructive 
pulmonary disease and obesity among PLWH2 42–45 
and factors that contribute to worse outcomes with 
COVID-19.46

4.	 HIV-positive ‘stable’ or ‘reference’ group. These persons 
will have undetectable HIV viral load for >6 months, 
CD4 T cell counts >350 cells/mm3 and a maximum 
of one comorbidity. To capture the full spectrum of 
individuals in the HIV-negative group, we will include 
this HIV-positive ‘stable’ group so that we can deter-
mine whether there are particular characteristics 
within PLWH which impact on immune response. In 
comparing the stable and unstable groups, we will be 
able to determine whether participants with low CD4 
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counts (<350 cells/mm3) differ in their response to 
vaccine from those with normal CD4 T cell counts 
while controlling for other characteristics. We aim to 
enrol HIV-negative and HIV-positive ‘stable’ individ-
uals with overlapping characteristics (ie, some should 
have multiple comorbidities) so that the groups are 
comparable.

General methodology and participant timeline
Participants will attend 5 visits over 12 months: prevac-
cination; 1 month following first vaccine dose; and at 
3, 6 and 12 months following the second vaccine dose 
(table 1). Each visit will last between 20 and 60 min.

Primary end point
Percentage of PLWH with COVID-19-specific antibodies 
at 6 months following second vaccine dose.

Secondary end points
Percentage of individuals with (1) COVID-19 neutralisa-
tion capacity at 6 months following second vaccine dose; 
(2) COVID-19-specific antibodies at 12 months following 
second vaccine dose and (3) proportion and activation 

status of CD4 T cells, CD8 T cells, B cells, natural killer 
cells and monocytes, prevaccination and 6 months post 
second vaccine dose.

Exploratory end points
COVID-19-specific antibodies at 6 months following 
second vaccine dose, stratified by subpopulations. Criti-
cally, we will also assess the ability of vaccine-elicited anti-
bodies to cross-recognise SARS-CoV-2 S-protein variants, 
including N501Y and/or E484K, using in-house assays.

Sample size
Our primary outcome is the proportion of individuals in 
each group who mount a satisfactory immune response, 
although the best marker of what constitutes a satisfac-
tory immune response is unclear at the moment and 
the science is rapidly evolving. We initially defined a 
successful immune response as a fourfold relative rise in 
IgG production at 6 months.47 We anticipated that 90% of 
HIV-negative individuals would mount an adequate IgG 
response at this timepoint,27 34 vs 70% of PLWH.12 48 If 20% 
of the sample were to have the characteristic of interest 

Table 1  Visits and procedure schedule

Visit number
1*
(screen) Vaccine 2 Vaccine 3† 4† 5†

Week number −12 to 0 weeks 0 4 weeks  �  3 mo after dose 2 6 mo after dose 2 12 mo after dose 2

Window −3 mo  �   �   �   �

Inclusion/Exclusion X X  �   �   �   �

Informed consent X  �   �   �   �

Medical history X  �   �   �   �

Blood draw: immunology‡ X X  �  X X X

Blood draw: CD4/viral load§ X X  �  X X X

Vaccination¶ X X  �   �   �

Participant diary** X X X X  �   �

CITF††
questionnaire

X X  �  X X X

Adverse events‡‡ X  �  X  �   �

Concomitant meds X X  �  X X X

For participants who develop COVID-19 symptoms 14+ days following vaccination. Participants will be asked to complete the COVID-19 Symptom 
Survey (online supplemental materials) and to go for a COVID-19 test at their nearest test centre and notify the study staff of their test result. If 
positive for COVID-19, the study staff will mail the participant six saliva collection kits by courier in order to collect information on SARS-CoV-2 
variants.
Participants who have already received one vaccine dose: these individuals may be enrolled in the study at any duration of time post first dose as 
long as the baseline blood drawn is before the second booster. Visits 1 and 2 will be combined.
Participants who have already received two vaccine doses: these individuals must be enrolled in the study within 3 months of their second dose. 
Visits 1 and 3 will be combined and visit 2 will not be required. Participants will follow-up at visits 4 and 5.
*Screening assessment may be performed same day as vaccination but will be completed prior to vaccination.
†Visits 3, 4, 5 will be conducted at 3, 6, 12 months after dose 1, respectively, for COVID-19 vaccines administered as a one-dose schedule.
‡Immunoglobulin levels, flow cytometry and cytokine secretion (immunogenicity measures); blood will be collected at each visit. For participants who 
have already received a vaccine dose prior to study enrolment, ‘baseline’ immunoglobulin levels (ie, prevaccination) may not be available.
§Blood work such as CD4 and viral load can be collected as part of standard of care.
¶Participants will receive the COVID-19 vaccine outside of the study per standard of care as part of their provincial immunisation programme.
**Participants will be given a printed diary after vaccination during which they will record their vaccine reactions, oral temperature and any febrile 
respiratory tract symptoms as well as general changes to health and medications. The diary will be evaluated up to 30 days following each injection.
††The full CITF questionnaire will be completed at visit 1 and the modified CITF questionnaire will be completed at subsequent visits.
‡‡Adverse events will only be collected at 7 and 30 days postvaccination and for participants who receive a vaccine while currently enrolled in the 
study (ie, adverse events will not be collected retrospectively).
CITF, COVID-19 Immunity Task Force; mo, month.

https://dx.doi.org/10.1136/bmjopen-2021-054208
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or predictor variable (eg, 20% with multimorbidities), 
enrolling 200 PLWH and 50 HIV-negative participants 
would provide sufficient statistical power (>80%) to detect 
a 20% difference in outcomes between groups whatever 
the exact proportions. This sample size was determined 
using the UCSF sample size calculator (https://​data.​ucsf.​
edu/​research/​sample-​size) which uses the typical normal 
distribution assumption with the continuity correction as 
an approximation to the binomial distribution. In addi-
tion, we calculated that we would have  >80% power to 
detect a 20% difference in outcome between those with 
suppressed CD4 count or unsuppressed viral load and the 
HIV-negative group. Previous studies of temporal differ-
ences in humoral and cellular responses to COVID-19 
have shown differences between individuals when sample 
sizes included 100 participants or fewer.49–53 We would 
also have  >80% power to detect a 20% difference in 
outcome between the higher risk PLWH (ie, with CD4 
counts  <200 cells/mm3 and/or unsuppressed HIV viral 
load) and the HIV-negative group. Such recruitment 
targets would also provide a sufficient buffer to account 
for potential drop-outs of 5%–10%. However, to increase 
our ability to detect differences in our primary outcome 
between the four subpopulations of interest (individ-
uals of older age; immune non-responders; persons with 
multimorbidity and an HIV-positive ‘stable’ or ‘reference’ 
group), we plan to recruit 400 PLWH and use data from 
the entire cohort of HIV-negative individuals in the SSO 
study (approximately 1000 individuals) to increase power. 
Inevitably, the higher risk groups will be overlapping, 
so we will recruit a minimum of 20% of the 400 PLWH 
per category. By using the entire cohort of HIV-negative 
individuals in the SSO study, we avoid the need to match 
PLWH and HIV-negative participants.

Recruitment
Participants will be informed about the study through 
a recruitment flyer during routine physician visits to 
their HIV clinic and via established recruitment strate-
gies through our community partners and the CTN via 
webpages, email and social media platforms. Individuals 
followed for routine HIV care at clinics other than the 
four enrolment sites are eligible to participate if they can 
come to the enrolment site for study visits. Participants 
will be compensated US$40 per study visit to help offset 
the time commitment and parking fees. We will make a 
concerted effort, through the use of recruitment quotas, 
to ensure the HIV-negative and HIV-positive ‘stable’ 
groups have overlapping characteristics (eg, age  >55 
years, CD4 count <350 cells/mm3, comorbidities) so that 
the groups will be comparable.

Data collection
Medical history and HIV history will be gathered from 
both patient interviews and clinic chart reviews following 
written informed consent. Information extracted will 
include comorbidities, year of HIV diagnosis, CD4 T cell 
nadir (if known) in addition to tobacco smoking and 

cannabis use history. Medications will be recorded in 
addition to the ART regimen. History of COVID-19 infec-
tion and date of confirmatory test will be recorded.

Sample collection
At each visit, blood will be collected to isolate serum, 
plasma and peripheral blood mononuclear cells 
(PBMCs).

Humoral immunity (SARS-CoV-2 binding antibodies)
We will evaluate levels of immunoglobulins M and A 
(IgM, IgA) and IgG targeting the SARS-CoV-2 Spike (S) 
protein receptor-binding domain (RBD) and nucleo-
capsid protein using a high-throughput automated ELISA 
co-developed and validated by Dr Marc-Andre Langlois,54 
thereby distinguishing vaccine-induced (S only) from 
infection-induced (S and nucleocapsid (N)) responses. 
We will also evaluate samples for IgM and IgG antibody 
cross-recognition of RBD derived from VoCs, including 
those harbouring N501Y and/or E484K (eg, Alpha and 
Beta strains, respectively) using a commercial multi-
plex ELISA (V-Plex, Meso Scale Discovery). This assay is 
updated regularly by the manufacturer to accommodate 
emerging spike variants. We will test plasma samples for 
their capacity to block viral entry using a well-established 
neutralisation assay based on retroviruses pseudotyped 
with the SARS-CoV-2 S protein.49 51

Cellular immunity
Flow cytometry will be performed to enumerate CD4 T 
cells (including helper and regulatory subsets), CD8 T 
cells and other T cell subsets (including naïve, central 
memory, transitional memory, effector memory and 
terminally differentiated cells), B cells (including naïve, 
memory and antibody-secreting B cells), natural killer 
cells and monocytes (classical, inflammatory and non-
classical). We will also evaluate markers of cellular immune 
activation, senescence and exhaustion. Following high-
resolution human leucocyte antigen class I/II typing, we 
will examine COVID-19-specific T cell responses using an 
activation-induced marker (AIM) assay. Briefly, PBMCs 
will be stimulated overnight with pools of SARS-CoV-2 S 
peptides. Activated CD4 and CD8 T cells will be quanti-
fied by flow cytometry-based expression of CD137, OX40 
and/or CD69. Gene expression will be assessed by single-
cell RNA sequencing of PBMC as described previously.55 
T and B cell epitope specificity will be confirmed using 
virus-derived antigens (peptide/HLA or RBD dextramers, 
respectively). Plasma levels of inflammatory markers 
including interferon (IFN)-y, interleukin (IL)-1β, IL-2, 
IL-4 IL-6, IL-8, IL-10, IL-13, IL-17, transforming growth 
factor-β, IFN-y-induced protein-10 (IP-10), IL-12p70 and 
tumour necrosis factor-α will be measured using multi-
plex Luminex assays, D-dimer, C reactive protein and 
markers of microbial translocation lipopolysaccharide, 
beta-d-glucan (ßdG) and soluble CD14 will be evaluated 
by ELISA.56

https://data.ucsf.edu/research/sample-size
https://data.ucsf.edu/research/sample-size
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Exploratory safety and tolerability of COVID-19 vaccines in 
PLWH
In the prospective cohort, we will explore vaccine safety 
and efficacy to inform subsequent studies. Reactoge-
nicity: symptoms diary: participants will be asked to docu-
ment specific local and systemic reactions in a diary for 1 
week and 1 month following each injection, as was done 
in Pfizer-BioNTech phase III studies.47 We will report the 
proportion of participants developing local (redness, 
pain or swelling at the injection site) or systemic effects 
(fatigue, headache, muscle pain, fever, joint pain, diar-
rhoea) within 7–30 days following each vaccine dose with 
95% CIs (online supplemental information).

COVID-19 questionnaires
We will administer the COVID-19 System Questionnaire 
to participants who develop a flu-like illness to confirm 
the illness, along with PCR-based tests for COVID-19. 
Participants will complete the COVID-19 Immunity Task 
Force (CITF) Standardised Core Survey Data Elements 
questionnaire prior to vaccination and a modified CITF 
questionnaire (minus the demographic information) at 
follow-up visits (online supplemental information).

If participants develop COVID-19 symptoms 14 days+ 
after vaccination, we will also collect CITF system ques-
tionnaire (length of illness and symptomatology, which 
vaccine was administered, number of vaccine doses 
received) and saliva specimens to enable study of 
COVID-19 VoC (https://www.​covi​d19i​mmun​ityt​askforce.​
ca/​covid-​19-​immunity-​task-​force-​releases-​standardized-​
core-​survey-​data-​elements/).

Data management
The study sponsor, the CTN, will be responsible for 
national project management, database development, 
data management and data analysis. To facilitate data 
sharing, we will: (1) use standard encodings for CITF-
defined Core Data Elements; (2) request immunogenicity 
study participants consent to data sharing as guided by 
the CITF, including collecting survey elements and saliva 
14+ days after vaccination on symptomatic participants 
to determine whether the infecting strain is a COVID-19 
VoC and (3) rapidly share interim data and all requested 
study metadata for cataloguing.

Confidentiality
All participant-related information, including Case 
Report Forms, laboratory specimens, evaluation forms 
and reports, will be kept strictly confidential. All records 
will be held in a secure, locked location and only acces-
sible to research staff. Participants will be identified 
using a coded number specific to each participant. All 
computerised databases will identify participants by 
numeric codes only and will be password protected. On 
request, and in the presence of the investigator or his/
her representative, participant data will be made avail-
able to the study sponsor, monitoring groups represen-
tative of the study sponsor, representatives of funding 

groups and applicable regulatory agencies to verify clin-
ical study procedures and/or data, as permissible by local 
regulations.

Statistical analyses
We will use regression techniques to compare COVID-
19-specific immune responses applying data transfor-
mation where necessary to conform with distributional 
assumptions in order to determine whether there are 
differences between the ‘unstable’   PLWH group (CD4 
<350 cells/mm3), the stable PLWH cohort and the HIV-
negative controls, taking into account factors that are 
believed to be associated with immune response. We will 
also perform unadjusted analyses to determine whether 
there are differences which may or may not be driven by 
factors associated with group membership. We will report 
data from exploratory analyses with descriptive statis-
tics and data for vaccines from different manufacturers 
separately and combined. We will stratify results by the 
number of doses received and the time interval between 
the two doses in case these factors drive response and 
differ between groups. We will stratify immunogenicity 
data by sex as females and males have differences in both 
vaccine-elicited immune responses57 and adverse effects 
from vaccines.58 Furthermore, we will stratify analyses 
by individuals who are naïve to COVID-19 versus those 
with pre-existing antibodies as a result of prior COVID-19 
infection. This will be important since antibody responses 
(particularly after the first dose) will be much higher 
in convalescent individuals,59 60 so it is not appropriate 
to include them with individuals who do not have pre-
existing antibodies to COVID-19.

ETHICS AND DISSEMINATION
Ethics approval and consent to participate
Written informed consent will be obtained from all 
study participants. The study will be conducted in accor-
dance with the Declaration of Helsinki. At the time of 
initial manuscript submission (June 2021), a very closely 
related protocol had been approved by the University 
of British Columbia/Providence Health Care Research 
Institute and Simon Fraser University Research Ethics 
Boards. The present protocol was later approved by the 
Research Institute of the McGill University Health Centre 
(second review), the Ottawa Hospital Research Ethics 
Board, the University of Toronto Research Ethics Board. 
Patient enrolment for this trial began June 2021. Both 
the protocol and informed forms were reviewed and 
approved by the CTN Community Advisory Committee.

Availability of data and materials
De-identified participant data will be stored on a secure 
password-protected RedCap database. Access to the data-
base will be controlled by the CTN. Access to the final 
study database will be provided on written reasonable 
request to the corresponding author/principal investi-
gator following publication and CTN and CITF approval.

https://dx.doi.org/10.1136/bmjopen-2021-054208
https://dx.doi.org/10.1136/bmjopen-2021-054208
https://www.covid19immunitytaskforce.ca/covid-19-immunity-task-force-releases-standardized-core-survey-data-elements/
https://www.covid19immunitytaskforce.ca/covid-19-immunity-task-force-releases-standardized-core-survey-data-elements/
https://www.covid19immunitytaskforce.ca/covid-19-immunity-task-force-releases-standardized-core-survey-data-elements/
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We will standardise reagents and analysis strategies, 
where possible, working with the Immune Sciences 
Network and Testing Working Party recommendations to 
enable data sharing and avoid duplication in consultation 
with other CIHR and CITF-funded vaccine surveillance 
projects. We will also contribute results to SeroTracker, a 
knowledge hub that tracks and synthesises findings from 
SARS-CoV-2 serosurveillance efforts worldwide (https://
www.​covi​d19i​mmun​ityt​askforce.​ca/​serotracker/). To 
inform COVID-19 immunisation guidelines and future 
interventions for PLWH in Canada and internationally, 
we are committed to sharing results with all stakeholders 
and will adhere to Wellcome’s Sharing research data and 
findings relevant to the COVID-19 outbreak statement.61 Data 
sharing agreements will be obtained between CTN sites to 
use data not sent to the CITF.

Serology results will be provided to individual study 
participants at the end of the study, along with a summary 
of study results and their implication in lay language. 
We prioritise meaningful community engagement and 
our Community Advisory Committee includes PLWH 
and representation from the Canadian Aboriginal AIDS 
Network. The Community Advisory Committee reviews 
protocols and informed consent forms and advises on 
community priorities. Our well-established relationship 
with CATIE, Canada’s source for HIV information, will 
enhance KT. We will leverage our KT staff to share lay 
language updates via press releases, media coverage, 
website, e-newsletters and social media and undertake 
targeted KT activities to mobilise knowledge across our 
network and report results to senior policymakers via 
research summaries and policy briefs, community groups 
and participants via factsheets. Our team will publish 
manuscripts, contribute to guidelines and present to 
stakeholders. A first manuscript outlining the results of 
the primary objective will be submitted for publication 
within 6 months of participants completing the 6-month 
post second vaccine dose study visit. A second manuscript 
outlining the durability results will be submitted for publi-
cation within 6 months of participants completing the 
12-month post second dose study visit. Data will also be 
shared with CTN members at the ​semi-.​annual meetings 
and through conference abstracts.

Patient and public involvement
The CTN Community Advisory Committee (CAC) 
was involved in the peer-review process of this study 
proposal and deemed that the research questions 
addressed were of very high priority to PLWH. The 
CAC’s critiques of the initial proposal were taken into 
account in the revised proposal. Two members of the 
CAC (SM and EM) were involved in finalising the study 
design, inclusion/exclusion criteria, outcome measures 
and monitoring plans and are formal study investiga-
tors and coauthors. Community consultants will receive 
financial compensation to recognise their time commit-
ment and expertise.

DISCUSSION
Herein, we present the protocol for an observational cohort 
study to evaluate COVID-19 vaccine-elicited immunogenicity 
in PLWH, with a priority of determining immunogenicity in 
PLWH who are of older age, immune non-responders and 
those with multimorbidity. These three groups were selected 
since they represent subpopulations most likely to experi-
ence poor outcomes following COVID-19 infection and have 
a weaker immune response to vaccination.

PLWH immune non-responders are at risk of more 
adverse COVID-19-related outcomes than HIV immune 
responders. In the study performed by Braunstein et 
al, PLWH with COVID-19 had a higher proportion of 
hospital admissions, intensive care unit (ICU) admis-
sion and death. Those who experienced these COVID-
19-related outcomes had CD4 T cell counts below 500 
cells/mm3.3 38 Similarly, the study by Dandachi et al 
found that having CD4 T cell counts below 200 cells/
mm3 was associated with severe outcomes such as ICU 
admission, intubation and death.39 Furthermore, a 
multicentre cohort study by Hoffman et al showed that 
CD4 T cell counts <350 cells/mm3 were associated with 
severe COVID-19 (adjusted OR 2.85, 95% CI 1.26 to 
6.44).40 However, in a group of patients with inborn 
errors of immunity, Kinoshita et al demonstrated 
robust T cell activity and humoral immunity against 
COVID-19 structural proteins in some patients with 
antibody deficiency,62 underscoring the heterogeneity 
and complexity of immune response.

A major challenge with planning this study is the 
unprecedented, rapidly changing nature of the 
COVID-19 pandemic and evolving scientific informa-
tion. As a result, data on the optimal time points to assess 
immune responses post-COVID-19 vaccination admin-
istration are rapidly changing, resulting in multiple 
adjustments in our protocol plans. Within Canada, 
the vaccination schedule is determined by provincial 
vaccination programmes based on review of evidence, 
population risk factors and local infection rates, along 
with input from NACI. However, differences exist 
between provinces regarding to vaccine supply, eligi-
bility criteria, type of vaccine administered and time 
period between vaccine doses. We are mitigating these 
challenges by holding monthly meetings with teams 
to discuss these issues over the previous month, trou-
bleshoot and adjust recruitment priorities accordingly 
for the upcoming months. Ideally, and under non-
pandemic circumstances, we would establish, a priori, 
methods for analysing data from single versus two-dose 
vaccines. However, in the current context with uncer-
tainty of vaccine supply and distribution, such detailed 
plans are impractical and will depend on the methods 
of vaccination used in the participants enrolling in this 
study. This statement holds true for other variables we 
will likely encounter, such as different dosing intervals 
among persons receiving two-dose vaccines.

The importance of advanced age in impaired vaccine-
induced immunogenicity is well-documented. Due to 

https://www.covid19immunitytaskforce.ca/serotracker/
https://www.covid19immunitytaskforce.ca/serotracker/
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a combination of disrupted post-transcriptional regu-
lation, T cell receptor signalling and metabolic func-
tion, older individuals demonstrate reduced quantity 
and functionality of T cells.63 64 When this balance is 
disrupted, T cells exhibit shorter-lived effector pheno-
types rather than memory or follicular helper T cells 
and vaccine-induced antibodies are less protective than 
in younger persons.63 64 As the elderly are considered a 
priority vaccination group, many of them were eligible 
for vaccination in early 2021 in Canada, before this 
current study began, meaning that baseline plasma, 
serum and PBMCs will not be available for participants 
in this subpopulation of interest. Another drawback 
with starting this study in May 2021 is that we may miss 
other important groups of PLWH, including Indige-
nous persons, who were prioritised as high-risk popu-
lations for immunisation and were eligible to receive 
COVID-19 vaccines at a younger age than the general 
population.

Another major challenge with the planning of this 
study was the need to ensure an adequate sample size to 
meet the primary objective in the group as a whole, but 
also in important subpopulations of PLWH. Enrolment 
of such a large number of individuals, with follow-up 
until 12 months following the second vaccine dose, is 
very resource-intensive and requires dedicated study 
participants. We will provide individualised antibody 
results to participants at study completion to increase 
study engagement and prevent drop-outs. Furthermore, 
due to the need to rapidly enrol participants to match 
the pace of the COVID-19 vaccine rollout, we decided 
to use CTN study sites with large clinic volumes and 
proven capacity to recruit. However, these clinics are 
based in urban centres and, therefore, may follow indi-
viduals who differ systematically from PLWH who live 
in rural areas. PLWH who live in cities may be of higher 
socioeconomic status and consist of more men who have 
sex with men. Therefore, each site will need to make a 
concerted effort to recruit sufficient participants with 
other profiles. For this reason, we will employ a flex-
ible recruitment strategy, whereby sites that can recruit 
the required participants with characteristics of interest 
more easily than other sites can help to make up for 
lower recruitment flexibility at other sites. As with many 
studies, recruitment of women living with HIV may be 
challenging. Due to our connection with other studies 
within the CTN and the help of our community advi-
sory board, we are encouraging clinics with predomi-
nantly female clients to ensure they inform their female 
patients living with HIV about this study.

Currently, the immune correlate of protection against 
COVID-19 is undefined. T cell and B cell responses are 
usually used as surrogates of protection.65 We decided 
to use a fourfold rise from baseline in IgG produc-
tion following second vaccine dose as the criteria for 
a successful vaccine response, as was indicated in the 
Pfizer study.47 Data from the Pfizer study submitted 
to the Food and Drug Administration and published 

by Walsh et al report geometric mean titres that were 
compared with those from a human SARS-CoV-2 conva-
lescent serum panel as a benchmark. Increased titres 
were expressed in logarithmic fold increases.66 There 
are currently no national standards for presenting the 
serology data. Some groups prefer to report the raw 
signal values, whereas others normalise data as fold 
increases. Since individual baseline values will not be 
available for participants who have already received 
their first vaccine dose, one option is to use the cohort 
baseline data derived from non-vaccinated partici-
pants. Alternatively, we may opt to examine relative 
titres, or fold-changes, and therefore baseline data 
will not actually be required. Since science is continu-
ously evolving, we will use the definition of a successful 
vaccine response which is most widely accepted at the 
time of publication.

The best methodology to match PLWH with the 
HIV-negative group remains unclear, and there is no 
optimal approach to match participants to controls. As 
discussed by Wong et al, the ideal comparison group 
would be individuals who are identical to HIV-negative 
adults in all aspects except HIV status.67 As PLWH 
have distinct characteristics, traditional risk factors, 
lifestyle factors and socioeconomic factors compared 
with the general population, the general population 
may not be the ideal comparison group.67 Differences 
include increased tobacco smoking,68 substance use69 
and comorbidities70 among PLWH compared with the 
general population. However, PLWH also undergo 
more screening for age-related comorbidities due to 
frequent contact with healthcare providers.67 Since 
matching is challenging, we will avoid the need to 
match individuals entirely, by using a large existing 
dataset of over 1000 individuals without HIV infection. 
As previously mentioned, as long as we ensure there are 
20% of individuals with the characteristics of interest in 
the HIV-negative and HIV-positive ‘stable’ cohorts, we 
can compare groups while adjusting for these charac-
teristics via regression.

The findings from this study will provide valuable 
insight into COVID-19 vaccine-induced immunogenicity 
in important subpopulations of PLWH. HIV-positive 
persons of older age, with CD4 counts  <350 cells/mm3 
and multimorbidity were not included in the early clinical 
trials, yet are most likely to suffer from poor outcomes if 
infected with COVID-19. These findings will inform clin-
ical guidelines and recommendations for PLWH and, in 
turn, reduce COVID-19-induced morbidity and mortality.

Author affiliations
1Department of Medicine, Division of Infectious Diseases and Chronic Viral Illness 
Service, McGill University Health Centre; Infectious Diseases and Immunity in 
Global Health Program, Research Institute of the McGill University Health Centre, 
Department of Microbiology and Immunology, McGill University, Montreal, Quebec, 
Canada
2Canadian Institutes of Health Research (CIHR)--Canadian HIV Trials Network and 
Centre for Health Evaluation and Outcome Sciences, St. Paul's Hospital, Vancouver, 
British Columbia, Canada



9Costiniuk CT, et al. BMJ Open 2021;11:e054208. doi:10.1136/bmjopen-2021-054208

Open access

3School of Population and Public Health, University of British Columbia, Vancouver, 
British Columbia, Canada
4Department of Biochemistry, Microbiology and Immunology, University of Ottawa, 
Ottawa, Ontario, Canada
5Dalla Lana School of Public Health, University of Toronto, Toronto, Ontario, Canada
6Department of Family and Community Medicine, St Michael's Hospital, Unity Health 
Toronto, Toronto, Ontario, Ontario, Canada
7Department of Biological Sciences and CERMO-FC Research Centre, Université du 
Québec à Montréal (UQAM), Montreal, Quebec, Canada
8Department of Medicine, Division of Infectious Diseases, Toronto General Hospital, 
Toronto, Ontario, Canada
9Clinical Sciences Division and Department of Immunology, University of Toronto, 
Toronto, Ontario, Canada
10Department of Medicine, Division of Infectious Diseases, St. Michael’s Hospital, 
Toronto, Ontario, Canada
11Maple Leaf Medical Clinic, Toronto, Ontario, Canada
12Department of Medicine, Division of Infectious Diseases, University of Toronto, 
Montreal, Ontario, Canada
13MAP Centre for Urban Health Solutions, St. Michael's Hospital, Toronto, Canada
14Brisith Columbia Centre for Excellence in HIV/AIDS, Vancouver, British Columbia, 
Canada
15Faculty of Health Sciences, Simon Fraser University, Burnaby, British Columbia, 
Canada
16Community Advisory Committee, CIHR Canadian HIV Trials Network, Vancouver, 
British Columbia, Canada
17Department of Medicine, Division of Infectious Diseases, The Ottawa Hospital, The 
Ottawa Hospital Research Institute and Department of Biochemistry, Microbiology 
and Immunology, University of Ottawa, Ottawa, Ontario, Canada
18Department of Medicine, Division of Hematology and Chronic Viral Illness Service, 
McGill University Health Centre, Infectious Diseases and Immunity in Global Health 
Program, Research Institute of the McGill University Health Centre, Montreal, 
Quebec, Canada
19Department of Medicine, Division of Infectious Diseases, The Ottawa Hospital, 
Ottawa Hospital Research Institute, Ottawa, Ontario, Canada

Acknowledgements  The authors thank all of the CTN staff who were involved in 
the planning and preparation of this study, in addition to the CTN Scientific Review 
Committee and the Community Advisory Board, for their expedited review and 
helpful comments.CTC is supported by a Fonds de recherche du Québec-Santé 
(FRQS) Junior 2 career award. AB holds a Canada Research Chair Tier 2 Canada 
Research Chair (CRC) in sexually transmitted infection (STI) prevention. M-AL holds 
a CRC in Molecular Virology and Intrinsic Immunity. M-AJ holds a CRC, Tier 2, in 
human immunovirology. SW is supported by a Research Chair in HIV Clinical Care 
and Aging from the Ontario HIV Treatment Network. DT is supported by a Tier 2 CRC 
in HIV Prevention and STI Research. MB holds a Canada Research Chair, Tier 2, in 
viral pathogenesis and immunity. ZB holds a Scholar Award from the Michael Smith 
Foundation for Health Research. J-PR holds a Lowenstein Chair in Hematology.

Contributors  Co-principal investigators of the study are CTC, CC and AHA. CTC 
and CC conceived the study, led the proposal and protocol development. CTC 
wrote the first draft of the manuscript. JS is the biostatistician who provided 
methodological expertise and performed sample size calculations. All other authors, 
including AB, JN, IK, SM, EM, MO, CK, DT, SW, MHa, MHu and JBA contributed 
to protocol development, study design and development of the proposal. CTC, 
M-AL, M-AJ, MO, MB and ZB designed the laboratory evaluations. M-AL will be 
responsible for studies on humoral immunity. M-AJ will be responsible for flow 
cytometric studies to define proportions of immune cells and their subsets, while 
CTC will be responsible for cytokine assessment. MB and ZB will be responsible 
for RNA profiling. M-AL and MB will perform the analysis of antibodies to COVID-19 
variants. MO and MB will perform analyses of T cell responses to vaccine 
immunogens. Markers of gut barrier damage, microbial translocation and CMV IgG 
titres will be performed by J-PR. HLA typing will be performed as necessary for 
participants evaluated for T cell responses by MO, ZB and MB. JS will oversee data 
analysis between groups and subgroup analyses. All authors critically reviewed and 
approved the final manuscript.

Funding  This project is being supported by funding from the Public Health Agency 
of Canada, through the Vaccine Surveillance Reference group and the COVID-19 
Immunity Task Force (grant number: N/A) and the CIHR CTN (grant number: N/A).

Competing interests  The authors declare that they have no competing interests

Patient consent for publication  Not applicable.

Provenance and peer review  Not commissioned; externally peer reviewed.

Supplemental material  This content has been supplied by the author(s). It has 
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been 
peer-reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

Open access  This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non-commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non-commercial. See: http://​creativecommons.​org/​licenses/​by-​nc/​4.​0/.

ORCID iDs
Cecilia T Costiniuk http://​orcid.​org/​0000-​0002-​4547-​714X
Judy Needham http://​orcid.​org/​0000-​0002-​6327-​176X
Jean-Pierre Routy http://​orcid.​org/​0000-​0001-​9897-​7589
Curtis Cooper http://​orcid.​org/​0000-​0002-​3368-​3499

REFERENCES
	 1	 Gazzola L, Tincati C, Bellistrì GM, et al. The absence of CD4+ T cell 

count recovery despite receipt of virologically suppressive highly 
active antiretroviral therapy: clinical risk, immunological gaps, and 
therapeutic options. Clin Infect Dis 2009;48:328–37.

	 2	 Lerner AM, Eisinger RW, Fauci AS. Comorbidities in persons with 
HIV: the Lingering challenge. JAMA 2019.

	 3	 Hsue PY, Deeks SG, Hunt PW. Immunologic basis of cardiovascular 
disease in HIV-infected adults. J Infect Dis 2012;205 Suppl 
3:S375–82.

	 4	 Serrano-Villar S, Sainz T, Lee SA, et al. Hiv-Infected individuals with 
low CD4/CD8 ratio despite effective antiretroviral therapy exhibit 
altered T cell subsets, heightened CD8+ T cell activation, and 
increased risk of non-AIDS morbidity and mortality. PLoS Pathog 
2014;10:e1004078.

	 5	 Klein MB, Lu Y, DelBalso L, et al. Influenzavirus infection is a primary 
cause of febrile respiratory illness in HIV-infected adults, despite 
vaccination. Clin Infect Dis 2007;45:234–40.

	 6	 French N, Gordon SB, Mwalukomo T, et al. A trial of a 7-valent 
pneumococcal conjugate vaccine in HIV-infected adults. N Engl J 
Med 2010;362:812–22.

	 7	 Glaser JB, Volpe S, Aguirre A, et al. Zidovudine improves response to 
pneumococcal vaccine among persons with AIDS and AIDS-related 
complex. J Infect Dis 1991;164:761–4.

	 8	 Wallace MR, Brandt CJ, Earhart KC, et al. Safety and immunogenicity 
of an inactivated hepatitis a vaccine among HIV-infected subjects. 
Clin Infect Dis 2004;39:1207–13.

	 9	 Crum-Cianflone NF, Wilkins K, Lee AW, et al. Long-Term durability of 
immune responses after hepatitis A vaccination among HIV-infected 
adults. J Infect Dis 2011;203:1815–23.

	10	 Kemper CA, Haubrich R, Frank I, et al. Safety and immunogenicity 
of hepatitis a vaccine in human immunodeficiency virus-infected 
patients: a double-blind, randomized, placebo-controlled trial. J 
Infect Dis 2003;187:1327–31.

	11	 Overton ET, Sungkanuparph S, Powderly WG, et al. Undetectable 
plasma HIV RNA load predicts success after hepatitis B vaccination 
in HIV-infected persons. Clin Infect Dis 2005;41:1045–8.

	12	 El Chaer F, El Sahly HM. Vaccination in the adult patient infected with 
HIV: a review of vaccine efficacy and immunogenicity. Am J Med 
2019;132:437–46.

	13	 Tedaldi EM, Baker RK, Moorman AC, et al. Hepatitis A and B 
vaccination practices for ambulatory patients infected with HIV. Clin 
Infect Dis 2004;38:1478–84.

	14	 Staprans SI, Hamilton BL, Follansbee SE, et al. Activation of virus 
replication after vaccination of HIV-1-infected individuals. J Exp Med 
1995;182:1727–37.

	15	 Amoah S, Mishina M, Praphasiri P, et al. Standard-Dose intradermal 
influenza vaccine elicits cellular immune responses similar to those of 
intramuscular vaccine in men with and those without HIV infection. J 
Infect Dis 2019;220:743–51.

	16	 Kroon FP, van Dissel JT, de Jong JC, et al. Antibody response after 
influenza vaccination in HIV-infected individuals: a consecutive 3-
year study. Vaccine 2000;18:3040–9.

http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-4547-714X
http://orcid.org/0000-0002-6327-176X
http://orcid.org/0000-0001-9897-7589
http://orcid.org/0000-0002-3368-3499
http://dx.doi.org/10.1086/695852
http://dx.doi.org/10.1001/jama.2019.19775
http://dx.doi.org/10.1093/infdis/jis200
http://dx.doi.org/10.1371/journal.ppat.1004078
http://dx.doi.org/10.1086/518986
http://dx.doi.org/10.1056/NEJMoa0903029
http://dx.doi.org/10.1056/NEJMoa0903029
http://dx.doi.org/10.1093/infdis/164.4.761
http://dx.doi.org/10.1086/424666
http://dx.doi.org/10.1093/infdis/jir180
http://dx.doi.org/10.1086/374562
http://dx.doi.org/10.1086/374562
http://dx.doi.org/10.1086/433180
http://dx.doi.org/10.1016/j.amjmed.2018.12.011
http://dx.doi.org/10.1086/420740
http://dx.doi.org/10.1086/420740
http://dx.doi.org/10.1084/jem.182.6.1727
http://dx.doi.org/10.1093/infdis/jiz205
http://dx.doi.org/10.1093/infdis/jiz205
http://dx.doi.org/10.1016/S0264-410X(00)00079-7


10 Costiniuk CT, et al. BMJ Open 2021;11:e054208. doi:10.1136/bmjopen-2021-054208

Open access�

	17	 d'Arminio Monforte A, Bonnet F, Bucher HC, et al. What do the 
changing patterns of comorbidity burden in people living with HIV 
mean for long-term management? perspectives from European HIV 
cohorts. HIV Med 2020;21 Suppl 2:3–16.

	18	 Millett GA. New pathogen, same disparities: why COVID-19 and HIV 
remain prevalent in U.S. communities of colour and implications for 
ending the HIV epidemic. J Int AIDS Soc 2020;23:e25639.

	19	 Weiser JK, Tie Y, Beer L, et al. Racial/Ethnic and income disparities 
in the prevalence of comorbidities that are associated with risk for 
severe COVID-19 among adults receiving HIV care, United States, 
2014-2019. J Acquir Immune Defic Syndr 2021;86:297–304.

	20	 R. P. Have COVID-19 vaccines been tested in people with HIV? NAM 
AIDSMAP, 2021. Available: https://wwwaidsmapcom/about-hiv/have-
covid-19-vaccines-been-tested-people-hiv [Accessed 15 Jan 2021].

	21	 Ramasamy MN, Minassian AM, Ewer KJ, et al. Safety and 
immunogenicity of ChAdOx1 nCoV-19 vaccine administered 
in a prime-boost regimen in young and old adults (COV002): a 
single-blind, randomised, controlled, phase 2/3 trial. The Lancet 
2020;396:1979–93.

	22	 COVID-19 vaccine (ChAdOx1 nCoV-19) trial in South African adults 
with and without HIV-infection. NIH us national library of medicine. ​
ClinicalTrials.​gov. Available: https://​clinicaltrials.​gov/​ct2/​show/​
NCT04444674?​cond=​HIV+​and+​COVID&​draw=4 [Accessed 6 May 
2021].

	23	 Clinical study protocol: a phase 3, randomized, stratified, Observer-
Blind, placebo-controlled study to evaluate the efficacy, safety, 
and immunogenicity of mRNA-1273 SARS-CoV-2 vaccine in adults 
aged 18 years and older. ModernaTX, Inc. Available: https://www.​
modernatx.​com/​sites/​default/​files/​mRNA-​1273-​P301-​Protocol.​pdf 
[Accessed 5 Nov 2020].

	24	 Clinical Study Protocol: A Randomized, Double-blind, Placebo-
controlled Phase 3 Study to Assess the Efficacy and Safety of Ad26.
COV2.S for the Prevention of SARS-CoV-2-mediated COVID-19 in 
Adults Aged 18 Years and Older. Janssen Vaccines & Prevention 
B.V. Available: https://www.​jnj.​com/​coronavirus/​ensemble-​1-​study-​
protocol [Accessed 5 Nov 2020].

	25	 Shinde V, Bhikha S, Hoosain Z, et al. Efficacy of NVX-CoV2373 
Covid-19 vaccine against the B.1.351 variant. N Engl J Med 
2021;384:1899–909.

	26	 Ruddy JA, Boyarsky BJ, Werbel WA. Safety and antibody response 
to the first dose of SARS-CoV-2 messenger RNA vaccine in persons 
with HIV. AIDS 2021;35.

	27	 Polack FP, Thomas SJ, Kitchin N, et al. Safety and efficacy 
of the BNT162b2 mRNA Covid-19 vaccine. N Engl J Med 
2020;383:2603–15.

	28	 Weiskopf D, Schmitz KS, Raadsen MP, et al. Phenotype and kinetics 
of SARS-CoV-2-specific T cells in COVID-19 patients with acute 
respiratory distress syndrome. Sci Immunol 2020;5. doi:10.1126/
sciimmunol.abd2071. [Epub ahead of print: 26 06 2020].

	29	 J DA Z, Pearce H, et al. Robust SARS-CoV-2-specific T-cell immunity 
is maintained at 6 months following primary infection. BioRxiv 
2020:20201101362319v1.

	30	 Sewell HF, Agius RM, Kendrick D, et al. Covid-19 vaccines: delivering 
protective immunity. BMJ 2020;371:m4838.

	31	 Deeks SG, Martin JN, Sinclair E, et al. Strong cell-mediated immune 
responses are associated with the maintenance of low-level viremia 
in antiretroviral-treated individuals with drug-resistant human 
immunodeficiency virus type 1. J Infect Dis 2004;189:312–21.

	32	 Deeks SG, Phillips AN. Hiv infection, antiretroviral treatment, ageing, 
and non-AIDS related morbidity. BMJ 2009;338:a3172.

	33	 Peng X, Ouyang J, Isnard S, et al. Sharing CD4+ T cell loss: when 
COVID-19 and HIV collide on immune system. Front Immunol 
2020;11:596631.

	34	 Jackson LA, Anderson EJ, Rouphael NG, et al. An mRNA 
Vaccine against SARS-CoV-2 - Preliminary Report. N Engl J Med 
2020;383:1920–31.

	35	 Pereira B, Xu X-N, Akbar AN. Targeting inflammation and 
Immunosenescence to improve vaccine responses in the elderly. 
Front Immunol 2020;11:583019.

	36	 Wagner A, Garner-Spitzer E, Jasinska J, et al. Age-Related 
differences in humoral and cellular immune responses after primary 
immunisation: indications for stratified vaccination schedules. Sci 
Rep 2018;8:9825.

	37	 Wagner A, Weinberger B. Vaccines to prevent infectious diseases 
in the older population: immunological challenges and future 
perspectives. Front Immunol 2020;11:717.

	38	 Braunstein SL, Lazar R, Wahnich A, et al. COVID-19 infection among 
people with HIV in New York City: a population-level analysis of 
matched surveillance data. SSRN Journal 2020.

	39	 Dandachi D, Geiger G, Montgomery MW, et al. Characteristics, 
comorbidities, and outcomes in a multicenter registry of patients with 

human immunodeficiency virus and coronavirus disease 2019. Clin 
Infect Dis 2021;73:e1964-e1972.

	40	 Hoffmann C, Casado JL, Härter G, et al. Immune deficiency is a 
risk factor for severe COVID-19 in people living with HIV. HIV Med 
2021;22:372–8.

	41	 Lu W, Mehraj V, Vyboh K, et al. CD4:CD8 ratio as a frontier marker 
for clinical outcome, immune dysfunction and viral reservoir size 
in virologically suppressed HIV-positive patients. J Int AIDS Soc 
2015;18:20052.

	42	 Nanditha NGA, Paiero A, Tafessu HM, et al. Excess burden of age-
associated comorbidities among people living with HIV in British 
Columbia, Canada: a population-based cohort study. BMJ Open 
2021;11:e041734.

	43	 Roy Cardinal M-H, Durand M, Chartrand-Lefebvre C, et al. Increased 
carotid artery wall stiffness and plaque prevalence in HIV infected 
patients measured with ultrasound elastography. Eur Radiol 
2020;30:3178–87.

	44	 Triplette M, Justice A, Attia EF, et al. Markers of chronic obstructive 
pulmonary disease are associated with mortality in people living with 
HIV. AIDS 2018;32:487–93.

	45	 Gallant J, Hsue PY, Shreay S, et al. Comorbidities among US 
patients with prevalent HIV Infection-A trend analysis. J Infect Dis 
2017;216:1525–33.

	46	 Richardson S, Hirsch JS, Narasimhan M, et al. Presenting 
characteristics, comorbidities, and outcomes among 5700 patients 
hospitalized with COVID-19 in the new York City area. JAMA 
2020;323:2052–9.

	47	 Pfizer BioNTech a phase 1/2/3 placebo-controlled, randomized, 
observer-blind, dose-finding study to evaluate the safety, tolerability, 
immunogenicity, and efficacy of SARS-COV-2 RNA vaccine 
candidates against COVID-10 in healthy inviduals protocol number 
C4591001, 2021. Available: www.​pfizer.​com

	48	 Crum-Cianflone NF, Wallace MR. Vaccination in HIV-infected adults. 
AIDS Patient Care STDS 2014;28:397–410.

	49	 Ding S, Laumaea A, Benlarbi M, et al. Antibody binding to 
SARS-CoV-2 S glycoprotein correlates with but does not predict 
neutralization. Viruses 2020;12:1214.

	50	 Beaudoin-Bussières G, Laumaea A, Anand SP, et al. Decline of 
humoral responses against SARS-CoV-2 spike in convalescent 
individuals. mBio 2020;11. doi:10.1128/mBio.02590-20. [Epub ahead 
of print: 16 10 2020].

	51	 Prévost J, Gasser R, Beaudoin-Bussières G, et al. Cross-Sectional 
evaluation of humoral responses against SARS-CoV-2 spike. Cell 
Rep Med 2020;1:100126.

	52	 Grifoni A, Weiskopf D, Ramirez SI, et al. Targets of T cell responses 
to SARS-CoV-2 coronavirus in humans with COVID-19 disease and 
unexposed individuals. Cell 2020;181:e1415:1489–501.

	53	 Perreault J, Tremblay T, Fournier M-J, et al. Waning of SARS-
CoV-2 RBD antibodies in longitudinal convalescent plasma 
samples within 4 months after symptom onset. Blood 
2020;136:2588–91.

	54	 Rocheleau LLG, Fu K, Cote M. Consistent and high-frequency 
identification of an intra-sample genetic variant of SARS-CoV2 with 
elevated fusogeneic properties. Biorxiv.

	55	 Cao Y, Qiu Y, Tu G, et al. Single-Cell RNA sequencing in immunology. 
Curr Genomics 2020;21:564–75.

	56	 Mehraj V, Ramendra R, Isnard S, et al. Circulating (1→3)-β-D-
glucan Is Associated With Immune Activation During 
Human Immunodeficiency Virus Infection. Clin Infect Dis 
2020;70:232–41.

	57	 Cook IF. Sexual dimorphism of humoral immunity with human 
vaccines. Vaccine 2008;26:3551–5.

	58	 Cook IF. Sex differences in injection site reactions with human 
vaccines. Hum Vaccin 2009;5:441–9.

	59	 Saadat S, Rikhtegaran Tehrani Z, Logue J, et al. Binding and 
neutralization antibody titers after a single vaccine dose in health 
care workers previously infected with SARS-CoV-2. JAMA 
2021;325:1467–9.

	60	 Blain H, Tuaillon E, Gamon L, et al. Spike antibody levels of nursing 
home residents with or without prior COVID-19 3 weeks after a single 
BNT162b2 vaccine dose. JAMA 2021. doi:10.1001/jama.2021.6042. 
[Epub ahead of print: 15 Apr 2021].

	61	 Wellcome sharing research data and findings relevant to the novel 
coronavirus (COVID-19) outbreak. Available: https://​wellcome.​org/​
coronavirus-​covid-​19/​open-​data [Accessed 10 Mar 2021].

	62	 Kinoshita H, Durkee-Shock J, Jensen-Wachspress M, et al. Robust 
antibody and T cell responses to SARS-CoV-2 in patients with 
antibody deficiency. J Clin Immunol 2021;41:1146–53.

	63	 Bajaj V, Gadi N, Spihlman AP, et al. Aging, immunity, and COVID-19: 
how age influences the host immune response to coronavirus 
infections? Front Physiol 2020;11:571416.

http://dx.doi.org/10.1111/hiv.12935
http://dx.doi.org/10.1002/jia2.25639
http://dx.doi.org/10.1097/QAI.0000000000002592
https://wwwaidsmapcom/about-hiv/have-covid-19-vaccines-been-tested-people-hiv
https://wwwaidsmapcom/about-hiv/have-covid-19-vaccines-been-tested-people-hiv
http://dx.doi.org/10.1016/S0140-6736(20)32466-1
https://clinicaltrials.gov/ct2/show/NCT04444674?cond=HIV+and+COVID&draw=4
https://clinicaltrials.gov/ct2/show/NCT04444674?cond=HIV+and+COVID&draw=4
https://www.modernatx.com/sites/default/files/mRNA-1273-P301-Protocol.pdf
https://www.modernatx.com/sites/default/files/mRNA-1273-P301-Protocol.pdf
https://www.jnj.com/coronavirus/ensemble-1-study-protocol
https://www.jnj.com/coronavirus/ensemble-1-study-protocol
http://dx.doi.org/10.1056/NEJMoa2103055
http://dx.doi.org/10.1056/NEJMoa2034577
http://dx.doi.org/10.1126/sciimmunol.abd2071
http://dx.doi.org/10.1136/bmj.m4838
http://dx.doi.org/10.1086/380098
http://dx.doi.org/10.1136/bmj.a3172
http://dx.doi.org/10.3389/fimmu.2020.596631
http://dx.doi.org/10.1056/NEJMoa2022483
http://dx.doi.org/10.3389/fimmu.2020.583019
http://dx.doi.org/10.1038/s41598-018-28111-8
http://dx.doi.org/10.1038/s41598-018-28111-8
http://dx.doi.org/10.3389/fimmu.2020.00717
http://dx.doi.org/10.2139/ssrn.3675416
http://dx.doi.org/10.1093/cid/ciaa1339
http://dx.doi.org/10.1093/cid/ciaa1339
http://dx.doi.org/10.1111/hiv.13037
http://dx.doi.org/10.7448/IAS.18.1.20052
http://dx.doi.org/10.1136/bmjopen-2020-041734
http://dx.doi.org/10.1007/s00330-020-06660-9
http://dx.doi.org/10.1097/QAD.0000000000001701
http://dx.doi.org/10.1093/infdis/jix518
http://dx.doi.org/10.1001/jama.2020.6775
www.pfizer.com
http://dx.doi.org/10.1089/apc.2014.0121
http://dx.doi.org/10.3390/v12111214
http://dx.doi.org/10.1128/mBio.02590-20
http://dx.doi.org/10.1016/j.xcrm.2020.100126
http://dx.doi.org/10.1016/j.xcrm.2020.100126
http://dx.doi.org/10.1016/j.cell.2020.05.015
http://dx.doi.org/10.1182/blood.2020008367
http://dx.doi.org/10.1101/2020.12.03.409714
http://dx.doi.org/10.2174/1389202921999201020203249
http://dx.doi.org/10.1093/cid/ciz212
http://dx.doi.org/10.1016/j.vaccine.2008.04.054
http://dx.doi.org/10.4161/hv.8476
http://dx.doi.org/10.1001/jama.2021.3341
http://dx.doi.org/10.1001/jama.2021.6042
https://wellcome.org/coronavirus-covid-19/open-data
https://wellcome.org/coronavirus-covid-19/open-data
http://dx.doi.org/10.1007/s10875-021-01046-y
http://dx.doi.org/10.3389/fphys.2020.571416


11Costiniuk CT, et al. BMJ Open 2021;11:e054208. doi:10.1136/bmjopen-2021-054208

Open access

	64	 Gustafson CE, Kim C, Weyand CM, et al. Influence of immune aging 
on vaccine responses. J Allergy Clin Immunol 2020;145:1309–21.

	65	 Poonia B, Kottilil S. Immune correlates of COVID-19 control. Front 
Immunol 2020;11:569611.

	66	 Walsh EE, Frenck RW, Falsey AR, et al. Safety and immunogenicity 
of two RNA-based Covid-19 vaccine candidates. N Engl J Med 
2020;383:2439–50.

	67	 Wong C, Althoff K, Gange SJ. Identifying the appropriate 
comparison group for HIV-infected individuals. Curr Opin HIV AIDS 
2014;9:379–85.

	68	 Helleberg M, Afzal S, Kronborg G, et al. Mortality attributable to 
smoking among HIV-1-infected individuals: a nationwide, population-
based cohort study. Clin Infect Dis 2013;56:727–34.

	69	 Altice FL, Kamarulzaman A, Soriano VV, et al. Treatment of medical, 
psychiatric, and substance-use comorbidities in people infected with 
HIV who use drugs. Lancet 2010;376:367–87.

	70	 Triant VA, Lee H, Hadigan C, et al. Increased acute myocardial 
infarction rates and cardiovascular risk factors among patients with 
human immunodeficiency virus disease. J Clin Endocrinol Metab 
2007;92:2506–12.

http://dx.doi.org/10.1016/j.jaci.2020.03.017
http://dx.doi.org/10.3389/fimmu.2020.569611
http://dx.doi.org/10.3389/fimmu.2020.569611
http://dx.doi.org/10.1056/NEJMoa2027906
http://dx.doi.org/10.1097/COH.0000000000000063
http://dx.doi.org/10.1093/cid/cis933
http://dx.doi.org/10.1016/S0140-6736(10)60829-X
http://dx.doi.org/10.1210/jc.2006-2190

	CTN 328: immunogenicity outcomes in people living with HIV in Canada following vaccination for COVID-­19 (HIV-­COV): protocol for an observational cohort study
	Abstract
	Background﻿﻿
	Study objectives
	Primary objective
	Secondary objectives
	Exploratory objectives


	Methods and analysis
	Study design
	Methods: participants, intervention and comparator and outcomes
	Inclusion criteria
	Exclusion criteria

	General methodology and participant timeline
	Primary end point
	Secondary end points
	Exploratory end points

	Sample size
	Recruitment
	Data collection
	Sample collection
	Humoral immunity (SARS-CoV-2 binding antibodies)
	Cellular immunity

	Exploratory safety and tolerability of COVID-19 vaccines in PLWH
	COVID-19 questionnaires

	Data management
	Confidentiality
	Statistical analyses

	Ethics and dissemination
	Ethics approval and consent to participate
	Availability of data and materials
	Patient and public involvement

	Discussion
	References


