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Determinants of antibody response to severe acute
respiratory syndrome coronavirus 2 mRNA
vaccines in people with HIV
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We identified determinants of SARS-CoV-2
mRNA vaccine antibody response in people with
HIV (PWH). Antibody response was higher among
PWH less than 60years, with CD4" cell count
superior to 350cells/pl and vaccinated with
mRNA-1273 by Moderna compared with
BNT162b2 by Pfizer-BioNTech. Preinfection
with SARS-CoV-2 boosted the antibody response
and smokers had an overall lower antibody response.
Elderly PWH and those with low CD4™ cell count
should be prioritized for booster vaccinations.

Following the approval of Pfizer-BioNTech (BNT162b2;
Comirnaty) and Moderna (mRNA-1273; Spikewax)
vaccines against severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) by Swiss health authorities,
the Swiss HIV Cohort Study (SHCS) [1] and the Swiss
Transplant Cohort Study (STCS) rapidly joined forces
and built a trial platform embedded in the two cohorts
[2,3] that monitors vaccine efficacy and investigates the
antibody response in immuno-compromised patients.
The continuous emergence of divergent variants requires
increased antibody titers to establish vaccine efficacy [4—
6]. Hence, nuanced assessment of antibody development
to SARS-CoV-2 vaccines is critical for understanding the
most important determinants of humoral immune
response and for protecting patients at risk of not
developing adequate vaccine response. In this post hoc
analysis of our trial data [3], we investigated factors that
influence the antibody response to both mRNA vaccines
in people with HIV (PWH).

PWH participating in the SHCS were enrolled according
to the trial protocol of the COrona VaccinE tRiAL
pLatform (COVERALL) [2] approved by the local ethical
committee (BASEC Nr 2021-000593, https://clinical-
trials.gov/ct2/show/NCT04805125). Written informed
consent was obtained from all study participants.
Additional patient characteristics were retrieved from
DOI:10.1097/QAD.0000000000003246

the SHCS. We systematically tested the association of
antibody titers to SARS-CoV-2 with routinely collected
clinical, laboratory and life style factors. In particular, we
looked at SARS-CoV-2 vaccine type (BNT162b2 versus
mRNA-1273), sociodemographic characteristics, immu-
nological and virological status, infection history and
smoking behaviour. In addition, we took into account the
presence of co-infection and the influence of antiretro-
viral therapy.

Antibody reactivity was measured with the immunoassay
ABCORA 2 that assesses antibody response to SARS-
CoV-2. Seroprofiling with ABCORA 2 also allows for a
reliable prediction of neutralization activity against the
SARS-CoV-2 Wuhan-Hu-1 strain based on anti-S1
reactivity (sum of S1 signal-over cut-off (SOC) values for
IgG, IgA and IgM (sum S1)) [7].

We developed a generalized multivariable linear model
on the sum S1 to assess the main factors of the antibody
response after two doses of mRNA SARS-CoV-2
vaccines. sum S1 titers were log transformed to address
skewness of the data. Model parameters are exponentiated
and interpreted as ratio of expected geometric means.
Analyses were done in R Project for Statistical
Computing (version 4.0.3) software.

Between April 19 and June 9 2021, 352 PWH from the
SHCS were enrolled in the COVERALL trial. For the
current analysis, we included 333 PWH who received two
doses of the vaccines and had an antibody response
measured 8 + 4 weeks after the second vaccination [median
time: 56 days; interquartile range (IQR): 55—59). Median
time between immunological and viral laboratory mea-
surement and first vaccination was 43 days (IQR: 16—70).
Median overall sum S1 was 104 (IQR 59-152).

Our results show that the predicted neutralization
capacity (sum S1) is higher among PWH who are
vaccinated with mRINA-123 compared with BNT162b2
[ratio of mean 1.39; 95% confidence interval (CI) 1.18—
1.63], who are younger than 60 years old (ratio of means
1.33; 95% CI 1.11-1.60), and have CD4™" cell counts
above 350 cells/ Wl prior to the first vaccine dose (ratio of
means 1.53; 95% CI 1.12-2.09) (Fig. 1). COVERALL
excluded patients with PCR -confirmed previous SARS-
CoV-2 infection in the last 3 months prior to randomi-
zation; however, 33 (9.9%) showed antibody reactivity for
nucleoprotein at baseline mostly indicating asymptomatic
seroconversion. As previously described [8], preinfection
with SARS-CoV-2 significantly improved the antibody
response (ratio of means 2.35; 95% CI 1.78-3.09).
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Patient Univariable analyses Multivariable analysis
n (%) Ratio of means (95%Cl) Ratio of means (95%Cl)
mRNA-1273 vaccine (baseline BNT162b2) 162(50.5%)  1.40 (1.17-1.68) 1.39 (1.18-1.63)
Age <60 years 231(72.0%)  1.34(1.10-1.63) 1.33 (1.11-1.60)
Ethnicitiy black (baseline white) 25 (7.8%) 0.99(0.71-1.37) 0.82(0.59-1.13)
Ethnicity other (baseline white) 24 ( 7.5%) 0.93 (0.65-1.33) 0.84 (0.60-1.16)
Female 65 (20.2%)  0.94(0.75-1.17) 0.98 (0.79-1.23)
Smoker 104 (32.4%)  0.56 (0.47-0.68) 0.60 (0.50-0.72)
CD4 2350 cells/pl 298(92.8%)  1.93(1.39-2.67) 1.53 (1.12-2.09)
CD4 nadir 2350 cells/pl 76 (23.7%)  0.97(0.78-1.21) 0.98 (0.80-1.20)
CD4:CD8 ratio 21 165 (51.4%)  1.25(1.04-1.49) 1.09 (0.92-1.29)
Hl viral load 250 copies/ml 13 ( 40%) 0.64(0.41-0.99) 0.78 (0.51-1.17)
Cytomegalovirus history 278 (86.6%) 0.91(0.70-1.19) 0.89 (0.69-1.14)
Hepatitis B history 268 (83.5%)  1.04 (0.82-1.33) 1.11 (0.89-1.39)
Hepatitis C history 41 (128%)  0.77(0.59-1.01) 0.95 (0.74-1.23)
SARS-CoV-2 natural infection 33 (10.3%) 2.33(1.74-3.11) 2.35(1.78-3.09)
Toxoplasmosis history 127 (39.6%)  0.80 (0.66-0.96) 0.83 (0.69-0.98)
Tuberculosis history 25 (7.8%) 0.77 (0.56-1.07) 0.92 (0.69-1.23)
Cancer history 16 ( 5.0%)  1.28(0.83-1.95) 1.16 (0.79-1.71)
Cardiovascular disease history 17 ( 63%) 0.76 (0.51-1.13) 1.04 (0.73-1.49)
Metabolic syndrome history 82 (25.5%) 0.92(0.74-1.13) 1.07 (0.88-1.29)
Protease inhibitor-based antiretroviral therapy 38 (11.8%) 1.06 (0.87-1.30) 0.94(0.73-1.22)
Tenofovir-based antiretroviral therapy 190 (59.2%) 0.90 (0.75-1.08) 0.94 (0.80-1.12)
1 2 3

Ratio of means

Fig. 1. Univariable and multivariable analyses of the sum S1. Black vertical dot line on the forest plot at 1 indicates equality of
expected geometric mean titers for two given covariates categories, keeping all the other covariates fixed. Cytomegalovirus
history: at least one positive cytomegalovirus IgG test; hepatitis B history: at least one positive HBsAG, anti-HBs or anti-HBc test/all
patients with positive HBSAG were on active tenofovir and emtricitabine-based treatment; hepatitis C history: at least one positive
anti-HCV test or hepatitis C RNA test/the only patient with active hepatitis C was on active treatment; SARS-CoV-2 preinfection:
reactivity to SARS-CoV-2 nucleocapsid protein according to ABCORA test; toxoplasmosis history: at least one positive
toxoplasmosis 1gG test; tuberculosis history: at least one positive purified protein derivative skin test or interferon-based test
or past diagnosis of active tuberculosis and treatment; cardiovascular disease: any record of coronary heart disease (angina,
angioplasty, bypass graft or myocardial infarction) or stroke; metabolic syndrome: having any three of the conditions abdominal
obesity (waist circumference >102 cm in male individuals, >88 cm in female individuals) / triglyderides at least 1.69mmol/l / low
HDL cholesterol (<1.03 mmol/l in men, <1.29 mmol/l in women) / blood pressure superior to 130/at least 85 mmHg / diabetes;

tenofovir-based antiretroviral therapy include tenofovir disoproxil fumarate and tenofovir alafenamide.

We did not find an effect of co-infections, such as
cytomegalovirus seropositivity, active hepatitis B and C or
latent or past active tuberculosis on vaccine response.
Patients with IgG positivity for toxoplasmosis had an
overall lower predicted neutralization capacity (ratio of
means 0.83; 95% CI 0.69—0.98). Current smokers among
PWH showed reduced antibody reactivity to the vaccine
(ratio of means 0.60; 95% CI 0.50-0.72). Some
antiretroviral therapy drug classes or agents, such as
tenofovir-disoproxil fumarate have previously been
described to be protective for SARS-CoV-2 infections
[9,10]. However, we did not detect an influence on
vaccine-specific antibody response.

Our analysis reveals that PWH with a well controlled HIV
infection above 60years of age and with CD4" cell
counts below 350 cells/pl show blunted antibody
response after vaccination. Our findings are in line with
those of studies that have reported seroconversion after
SARS-CoV-2 vaccines with well controlled HIV
infection [11-17]. However, compared with the small
numbers that limited these studies, the nested design of
the randomized controlled COVERALL trial within the
SHCS enabled the distinction of the different mRINA
vaccines in a large cohort of PWH and allowed

identitying risk factors of reduced antibody response
within this well characterized population.

We report significantly higher response among recipients
of the mRINA-1273 vaccine than among recipients of the
BNT162b2 vaccine in PWH. These findings are
consistent with reports from un-randomized studies in
healthcare workers [18] and solid organ transplant
recipients [19]. A recent publication showed an improved
humoral response after mRINA vaccine compared with
ChAdOx1 (Vaxzevria® from Astra Zeneca) [17] but did
not report on differences between the mRINA vaccines.

Co-infections have been reported to influence the eftect
on vaccine-specific responses [20]. Our study suggests
that patients with positive serology for toxoplasmosis
show attenuated humoral immune response to mRNA
vaccines. Further investigation is needed to understand
this association with vaccine-specific responses and
identifying potential immunological mechanisms in-
duced through latent toxoplasma infection [21]. Of note,
we did not find statistically significant eftects of other co-
infections on SARS-CoV-2 vaccine response, which is
largely explained by the fact that those co-infections were
successfully treated (hepatitis B, C and tuberculosis) or
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well controlled (cytomegalovirus) in this population on
highly successtul antiretroviral therapy. Our study also
adds to a growing body of evidence that show the
negative impact of smoking on COVID-19 vaccine
response [22].

A limitation of our study is that it focuses on humoral
immune response only, which reflects only a fraction of
the immune response elicited by SARS-CoV-2 vaccines.

With current emerging variants, we strongly encourage
PWH, most importantly older patients and those with
lower CD47" cell counts, to receive mRINA vaccine
boosters to improve SARS-CoV-2 neutralizing antibody
titers [23].
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