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Abstract

Purpose To describe the humoral immune response to COVID-19 vaccines in people living with HIV and identify factors
associated with the magnitude of anti-SARS-CoV-2 antibody concentrations.

Methods Retrospective analysis of electronic patient files in a big single HIV center in Munich, Germany. Non-parametric
methods were used for descriptive and comparative statistics. Generalized linear models were used to analyze associations
of general and HIV-specific variables with anti-SARS-CoV-2 antibody concentrations after standard vaccination.

Result Overall, 665 people living with HIV were included into the analysis (median age: 53 [IQR: 43; 59]), 560 [84.2%]
males). Median concentration of anti-SARS-CoV-2-antibodies was 1400 (IQR 664; 2130) BAU/mL. In 18 (2.7%) subjects,
antibody concentrations below the threshold of 34 BAU/mL were found. Among PLWH with CD4 cell count <200 cells/
pL, median anti-SARS-CoV-2-Abs were 197 (IQR 44.6; 537.2) as compared to 1420 (IQR 687; 2216) for the group >200
cells/uL (p <0.001). In a cumulative logit model, a vaccination scheme including an mRNA vaccine [OR: 4.64 (3.58; 6.02)],
being female [OR: 2.14 (1.76; 2.61)], and having higher CD4 cells [OR per 100 cells/uL.: 1.06 (1.04; 1.08)] were significantly
associated with anti-SARS-CoV-2 antibody concentrations in higher quartiles, when adjusted for the time after vaccination.
Conclusion We found a robust antibody response in people living with HIV undergoing standard vaccination against SARS-
CoV-2. mRNA-containing vaccination schemes, being female, and having a higher CD4 cell count was associated with a
higher concentration of antibodies in people living with HIV in our study sample. Particularly in the subgroup with CD4
cell counts < 200 cells/uL, antibody response was poor.
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Introduction

The global spread of the severe acute respiratory syndrome
corona virus 2 (SARS-CoV-2) starting in late 2019 has
turned into a pandemic that has been causing more than
230,000,000 infections and 4,800,000 deaths worldwide as
of October 2021 [1]. The disease is still not only challeng-
ing health care systems all over the world, but also causing
massive disturbance in everyday life of many people and
immense financial consequences. Preventing the spread of
SARS-CoV-2 infection has therefore become a major goal
in the management of the pandemic. While some risk factors

< Sebastian Noe
sno@mvz-mag.de

! MVZ Miinchen Am Goetheplatz, Waltherstr. 32,
80337 Munich, Germany

2 MUC Research, Munich, Germany

for a higher risk of acquiring SARS-CoV-2 infection or suf-
fering from a more severe course have been determined,
including age and obesity amongst others, the role of HIV
infection needs a differentiated consideration: while people
living with HIV (PLWH) might not be at a particular risk
in general, there is increasing evidence for a more severe
course of COVID-19 in PLWH with low CD4 cells and/or
alow CD4 cell nadir [2-8]. As a consequence, PLWH were
prioritized to receiving anti-SARS-CoV-2 vaccines in many
countries. However, while data on the effects of SARS-
CoV-2 vaccines in PLWH is increasing, it is still sparse [9,
10]. It has been demonstrated before that (for some vac-
cines) the degree of protection and/or the humoral response
in PLWH (children and adults) differs from the one observed
in a general population [11, 12]. It was debated, that the
degree of protection against SARS-CoV-2 infection might
be difficult to quantify as it might be comprised not only
of the humoral, but also of the cellular response. However,
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recent data seem to imply that the concentration of neutral-
izing anti-SARS-CoV-2-antibodies (SARS-CoV-2-Abs) is
highly predictive for the overall protection against SARS-
CoV-2 infection [13]. Also, in people with ‘breakthrough’
infections after standard immunization, lower concentra-
tions of neutralizing antibodies around the time of infection
were found when compared to controls and higher antibody
concentrations were in turn associated with lower infectiv-
ity [14]. The amount of (neutralizing) antibodies developed
after standard vaccination with COVID-19 vaccines might
therefore be a good surrogate marker of protection from
SARS-CoV-2 infection and/or a severe course of COVID-19.

This study aimed to describe the development of SARS-
CoV-2-Abs in PLWH after standard vaccination in a single
HIV center in Munich, Germany, and to investigate the asso-
ciation of general and HIV-specific factors with the develop-
ment of SARS-CoV-2-Abs.

Methods

This non-interventional, retrospective study was performed
using electronic patient files from a single HIV research and
clinical care center in Munich, Germany (MVZ Miinchen am
Goetheplatz), that routinely offered measurement of anti-
SARS-CoV-2-Abs within clinical routine. Due to the study
design, the study did not require ethics approval. Among all
subjects with available measurements of SARS-CoV-2-Abs
between the last dose of the standard immunization and any
further dose of SARS-CoV-2 vaccine between April 1 and
August 31 2021, people without documented HIV-1 infec-
tion, with a documented history of SARS-CoV-2 infection,
or with missing information on date and scheme of vaccina-
tion were excluded. For each subject the mode of standard
vaccination was recorded as consisting of either two doses of
a mRNA vaccine (Comirnaty or COVID-19 Vaccine Mod-
erna), two doses of the COVID-19 Vaccine AstraZeneca, or
one dose of the COVID-19 Vaccine Janssen, or one dose of
a mRNA vaccine after a first dose of the COVID-19 Vac-
cine AstraZeneca (heterologous vaccination). For the quan-
titative determination of anti-trimeric spike protein specific
IgG antibodies, the LIAISON SARS-CoV-2 TrimericS IgG
Assay (Diasorin, Italy) was used; results are presented in
binding antibody units per mL (BAU/mL). CD4 cell count
and HIV-1 RNA-levels were documented from the same
day as the determination of SARS-CoV-2-Abs or, where
not available from the same day, adopted from the next
closest (earlier) laboratory evaluation within a range of a
maximum of 3 months. Other variables of interest that were
recorded for the purpose of this study were sex, mode of
HIV infection, ethnicity, date of HIV diagnosis, CD4 nadir
(lowest CD4 cell count before suppressive antiretroviral
therapy or during a pause of antiretroviral therapy), current
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antitretroviral therapy regimen at the time of the blood
sampling for laboratory tests, and history of AIDS-defin-
ing diseases. Frequencies and percentages or proportions
and medians with interquartile ranges (IQR) or means and
standard deviations (SD) were used for descriptive statistics.
Comparison of antibody concentrations between the differ-
ent schemes of standard vaccination was performed using
the Jonckheere—Terpstra test, assuming an ordered response
among the groups (homologues mRNA vaccination > het-
erologous vaccination > homologous vaccination COVID-
19 Vaccine AstraZeneca > singular vaccination COVID-19
Vaccine Janssen). For other continuous variables, Kruskal-
Wallis test was used, while f—test was used for the com-
parison of categorical variables. Quartiles of anti-SARS-
CoV-2-antibody concentrations observed in this study were
calculated and each subject was assigned to any of the four
quartiles according to their antibody concentrations. Asso-
ciation with Anti-SARS-CoV-2-Abs was explored visually
using a scatter plot and correlation. This ordinal categorical
variable was used as the dependent variable in a generalized
linear model using a cumulative logit link under the assump-
tion of common slopes. Age, sex, basic immunization
scheme (mRNA-containing yes/no), time between the last
dose of basic immunization and assessment of antibodies,
HIV-1 RNA-levels (< 50 copies/mL yes/no), current CD4
cell count [cells/uL], and history of AIDS-defining diseases
[yes/no] were used as independent variables. CD4 nadir was
not included into the model due to a high number of missing
data. Univariate, explorative analysis for the association of
CD#4 cell nadir and anti-SARS-CoV-2-Abs was performed
using Spearman’s correlation. After univariate analysis, a
multiple regression model was fit using a forward selection
approach, adding all variables that significantly contributed
to the model fit, one at a time, using likelihood ratio tests
to compare the models. The final model was compared to
the same model under the assumption of non-equal slopes.
Data analysis was performed using R (Version 4.0.3). Unless
declared otherwise, p < 0.05 were considered to be statisti-
cally significant.

Results

From 1055 subjects with anti-SARS-CoV-2-Abs available
from electronic patient files, 665 (63%) were included into
the final analysis after applying in- and exclusion criteria
(Appendix A.1); baseline characteristics can be found in
Table 1. Standard immunization was performed with two
doses of a mRNA vaccine in 590 (88.7 %), two doses of the
COVID-19 Vaccine AstraZeneca in 31 (4.7 %), or one dose
of the COVID-19 Vaccine Janssen in 15 (2.3 %). For the
subgroup of PLWH receiving a homologous mRNA vac-
cination scheme, 582 (98.6 %) and 8 (1.4 %), received the
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Table 1 Baseline characteristics of all participants in this study

Age [years], median (IQR) 53 (43;59)
Missing data, n (%) 0 )

Male, n (%) 560 (84.2)
Missing data, n (%) 0 )

Caucasian, n (%) 515 (85.4)
Missing data, n (%) 62 9.3)

HIV-PCR < 50 copies/mL, n (%) 622 (93.5)
Missing data, n (%) 0 )

CD4 cell [cells/uL], median (IQR) 708 (524, 912)
Missing data, n (%) 0 )

CD4 cell nadir [cells/uL], median (IQR) 264 (143.5; 388.2)
Missing data, n (%) 269 (40.5)

History of AIDS-defining disease, n (%) 80 (12.4)
Missing data, n (%) 21 (3.2)

BioNTech and the Moderna mRNA vaccine, respectively.
Due to the massive difference in the groups size, the two
vaccines were not compared to one another. In 29 (4.4 %)
the standard immunization was completed using a sequence
of a mRNA vaccine after a first dose of the COVID-19 Vac-
cine AstraZeneca. Anti-SARS-CoV-2-Abs concentrations
for each of the standard immunization groups can be found
in Table 2: while the main characteristics of the four groups
were comparable, significantly higher concentrations of
anti-SARS-CoV-2-Abs were found in PLWH undergoing an
mRNA-containing standard vaccination scheme (homo- or
heterologous) when compared to schemes only consisting
of vector-based vaccines. However, also the time interval
between standard vaccination and measurement of anti-
SARS-CoV-2-Abs differed between the groups. Median time
between last vaccination and measurement of anti-SARS-
CoV-2-Abs was 49 (IQR 35; 63) days. Median concentra-
tion of SARS-CoV- 2-Abs was 1400 (IQR 664; 2130) BAU/
mL. In 18 (2.7%) PLWH, antibody concentrations below the
threshold of 34 BAU/mL were found.

The association of the time interval between the last shot
of the basic immunization and the measurement of anti-
SARS-CoV-2-Abs for the first 12 weeks is illustrated in
Fig. 2: an increase of the mean concentration of antibody
concentrations was found from week one with a maximum
at week three and a decrease thereafter. Between weeks 8
and 12, mean antibody concentrations were comparable. Of
note, there were 14 (2.1%) PLWH with a current CD4 cell
concentration < 200 cells/mL. Among PLWH with CD4 cell
count <200 cells/uL, median anti-SARS-CoV-2-Abs was
197 (IQR 44.6; 537.2) as compared to 1420 (IQR 687; 2216)
(p < 0.001). A scatter plot of the CD4 cell nadir and the con-
centration of SARS-CoV-2-Abs after a standard vaccination
is displayed in Fig. 1, including a median regression line
for antibody concentrations by CD4 cell nadir. Correlation

Table 2 Comparison of demographic and HIV-related baseline characteristics and SARS-CoV-2-Abs between the different schemes of basic vaccination

p value

Janssen (n=15)

31

AstraZeneca (n

=29)

Heterologous (n

=590)

mRNA (n

0.097

(39.5; 59)
(80)

46

(49.5; 63)
(100)

55
31

(48;59)
(86.2)

56
25

(43;59)
(83.4)

52
492
706

550

Age [years], median (sd)

Males, n (%)

0.094

12
537

0.534

(360; 913.5)

(93.3)

(579.5; 967.5)

(96.8)

803
30

(506; 893)
(96.6)

(529; 907.5)

(93.2)

CD4 cells [cells/uL], median (IQR)
HIV-PCR < 50 copies/mL, n (%)

0.784
<0.001

14
59

28

(17.3; 360)

(136.5; 478)

210

(1270; 2780)

1660

(810.2; 2240)

1460

Anti-SARS-CoV-2 antibodies [BAU/mL],

median (IQR)
Time after last dose [days], median (IQR)

<0.001

(49; 69.5)

57

(29.5; 63)

49

(22; 43)

36

(35; 63.8)

49

Concentrations of antibodies were compared between the groups using a Jonckheere-Terpstra test for an decreasing trend from left (mRNA) to right (Janssen). Kruskal-Wallis test and Chi-

square tests were used for all other continuous and categorical variables, respectively.
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Fig. 1 Scatter-plot on the
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between concentrations of SARS-CoV-2-Abs with CD4
cell nadir was p = — 0.01 (p =0.912). The results of sim-
ple and multiple regression using a cumulative logit model
are displayed in Table 3: sex, time after completion of the
standard vaccination, use of an mRNA-containing vaccina-
tion scheme, and current CD4 cells demonstrated significant
associations with the concentration of anti-SARS-CoV-2 in
muliple regression analysis.

500 750 1000
CD4 nadir [cells/pL]

Discussion

Our data demonstrate an on average solid humoral response
following standard vaccination against SARS- CoV-2 infec-
tion in PLWH, comparable to the concentrations of antibod-
ies found in a sample of people from a ‘general’ population
after COVID-19 with the same assay [15]; only in 18 PLWH
the antibody concentrations were found to be lower than
the assay specific threshold indicating “positivity’ for anti-
SARS-CoV-2-Abs. Although it has to be kept in mind that
our data are not longitudinal, a maximum in the humoral
response seems to be found around week 3 after the last
dose of the standard vaccination scheme (Fig. 2). Of interest

Table 3 Results for simple and multiple ordinal regression on the quartiles of antibodiy concentrations

Simple Multiple

OR 95% CI p value OR 95% CI p value
Age [years] 0.99 (0.98; 1.01) 0.385
Sex [being female] 2.12 (1.46; 3.09) <0.001 2.14 (1.76; 2.61) <0.001
Time after basic vaccination [weeks] 0.82 (0.78; 0.86) <0.001 0.80 (0.78; 0.82) <0.001
Assessment <3 weeks after basic vaccination [yes] 2.49 (1.46; 4.27) <0.001 0.05 (0.01; 0.14) 0.007
mRNA-containing scheme [yes] 3.99 (2.46; 6.47) <0.001 4.64 (3.58; 6.02) <0.001
HIV-1 RNA level < 50 copies/mL [yes] 1.82 (1.05; 3.16) 0.033
CD4 cell count [per 100-cells/uL] 1.05 (1.01; 1.10) 0.016 1.06 (1.04; 1.08) 0.006
History of AIDS [yes] 0.96 (0.62; 1.47) 0.840

The cumulative logit model was fitted under the assumption of common slopes. For the multiple regression model, the overall time effect con-
sists of three components, being the time interval between the last shot of the basic immunization cycle [weeks], laboratory assessment being
before the expected maximum humoral response in week three, and the interaction between the two (# = 1.2, p = 0.004). Therefore, while the
odds of belonging to higher quartiles or antibody concentrations increases over the first 3 weeks, it decreases afterwards.
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Fig.2 Mean anti-SARS-CoV-
2-Abs concentration by time
within the first 12 weeks after
the final vaccination of the
standard vaccination. A 4th
degree polynomial smoothing
function was fit to the change of
mean concentrations over time
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are the marked differences observed with different schemes
of standard immunization. While mRNA-containing vacci-
nation schemes (either homologous or heterologous) dem-
onstrated the highest response, the vector-only vaccination
schemes were associated with much lower median anti-
body concentrations (Table 2). Also, the observed humoral
response following homologous and heterologous vaccina-
tion with a mRNA vaccine were comparable. Even though
the heterologous vaccination groups was much smaller than
the mRNA-only group and demonstrated a wider spread
of the data, these findings are in line with previous find-
ings from non-HIV study samples [16]. In our data, being
female was significantly associated with a higher probability
of demonstrating antibody concentrations in higher rather
than in lower quartiles. This seems to be in line with data
from ‘general’ populations, where the humoral response fol-
lowing SARS-CoV-2 vaccinations was also found to be more
pronounced in women, when compared to men [17]. Among
HIV-specific factors, only the current CD4 cell concentra-
tion was significantly associated with antibody response. In
particular, there was a markedly lower response in PLWH
with a CD4 cell count < 200 cells/uL. The effect throughout
the entire range of CD4 cells (about 6% increase in the odds
of belonging to a higher quartile per 100 additional cells,
keeping all other conditions fixed) was rather low. However,
it must be kept in mind, that cellular immune response plays
an important role in SARS-CoV-2 [18]. This component was
not taken into account by our study and could also differ
between vector- and mRNA-based vaccination regimens.
While in general the antibody concentration following vacci-
nation seems to allow a good prediction of an overall degree
of protection from infection with SARS-CoV-2 and a severe

4 5 6 7 8 9 10 11 12
time [weeks]

course of COVID-19, it could be assumed that the degree
of humoral response is paralleled by the cellular immune
response in most people. Therefore, anti-SARS-CoV-2-Abs
might be understood as a surrogate for an overall immune
response. However, it has been demonstrated, that in some
populations the cellular immune response seems to ‘stay
behind’ the humoral one [19]. This might also be true in
PLWH relevantly depleted of CD4 cells so that this subset
of PLWH might be affected not only by a higher risk for
a low humoral but also a low cellular immune response.
More information on the cellular immune response follow-
ing SARS-CoV-2 vaccination in PLWH and conditional on
their CD4 cell concentration would be highly appreciated.
Our study has several limitations. In some of the sub-
jects included into this analysis, subclinical SARS-CoV-2
infection might have occurred prior to vaccination or the
knowledge about SARS-CoV-2 infection was missing. This
might have been of substantial impact on the concentration
of SARS-CoV-2-Abs measured in these individuals. Fur-
thermore, we do not have information on the intake of anti-
inflammatory drugs after the vaccinations that might be of
relevance when it comes to humoral immune response [20].
Furthermore, results from our study resulted from random
sampling rather than a randomized and therefore representa-
tive sample of the cohort under investigation. This might
particularly have led to an underrepresentation of elderly
PLWH that might be particularly prone to poor humoral
response to vaccines. Finally, while commercially available
assays to detect antibodies, including neutralizing antibod-
ies, against SARS-CoV-2 have been used in many studies
including ours, the ‘gold-standard’ for the determination
of the neutralizing capabilities of antibodies are (pseudo-)
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virus-based assays, that are not used in clinical routine and
therefore were not available for analysis in our study. In this
context it is important to acknowledge that due to a lower
specificity of the high-throughput methods like used in our
study when compared to the ‘gold-standard’ [21], ‘positiv-
ity’ as defined by the specific threshold of an assay may
not be confused with protection [22] and therefore, more
information on the meaning of antibody concentrations and
their protective capabilities is needed.

Summarizing our findings, receiving a mRNA-containing
SARS-CoV-2 vaccination scheme as well as being female
is associated with a higher probability of demonstrating a
higher humoral immune response in people living with HIV
after adjusting for the time between final dose of the stand-
ard vaccination and time of measurement of anti-SARS-
CoV-2-Abs. Current CD4 cell concentration was signifi-
cantly and positively associated with the concentration of
anti-SARS-CoV-2-Abs. PLWH with a CD4 cell count < 200
cells/uL seem to exhibit a poor humoral response to standard

Appendix A

A.1 Patient selection

total subjects: 1055

vaccination against COVID-19 which could imply that this
population might need additional doses for standard vac-
cination and/or early re-vaccination. While in general, a
‘booster’ is currently recommended for people with immu-
nodeficiency diseases about 6 months after the standard vac-
cination by institutions like the German Robert Koch-Insti-
tute (RKI) or the American Centers for Disease Control and
Prevention [23, 24], it seems unlikely that this timeframe
is equally adequate for PLWH with poor and good immune
status given our surrogate data on immune response. The
suggestion to optimize the basic immunization with a third
dose of an mRNA vaccine as early as four weeks after the
second dose, followed by a booster six months thereafter
as recommended by the RKI for people with severe immu-
nodeficiency might therefore be a good options for PLWH
with CD4 cells < 200 cells/uL. A similar approach has also
been advocated by the British HIV Association [25]. How-
ever, more data is needed to verify whether or not this lower
humoral response is associated with worse outcomes in
terms of risk of infection and course of COVID-19.

| >

HIV negative: 231

PLWH: 824

; >

History of SARS-CoV-2 infection: 27

PLWH: 797

| >

Missing data: 132

Final study sample: 665

Scheme on the subject selection: out of originally 774
subjects with data on SARS-CoV-2-Abs, 72 subjects with
negative HIV-serostatus were excluded from further analysis.
Among the remaining 701 subjects, 18 were excluded due
to a history of documented SARS-CoV-2 infection. Among
the remaining 683 PLWH, 6 had results outside the window
of interest (after the last vaccine of the basic vaccination and
before any further SARS-CoV-2 vaccination), resulting in a
final study sample of 677.
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