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Background: The concentration and duration of antibodies (Ab) to SARS-CoV-2
infection predicts the severity of the disease and the clinical outcomes. Older people and
those with HIV have impaired immune responses, worse outcomes after SARS-CoV-2
infection, and lower antibody responses after viral infection and vaccination. This study
evaluated an Ab response to SARS-CoV-2 in people with HIV (PWH) and without HIV
(HIV-) and its association with age.

Methods: A total of 23 COVID+PWH and 21 COVID+HIV- participants were
followed longitudinally for 6 months post-mild COVID-19. Immunoglobin G (IgG) and
immunoglobin M (IgM) Ab responses were measured by an in-house developed ELISA.
Time points and HIV status interaction were analyzed using Poisson generalized
estimating equations, and correlations were analyzed using non-parametric tests.

Results: Median age in PWH was 55 years with 28.6% women, while in the HIV- group
was 36 years with 60.9% women. The mean time from COVID-19 diagnosis to study
enrollment was 16 days for PWH and 11 days for HIV-. The mean CD4+ T-cell count/jl
for PWH was 772.10 (£365.21). SARS-CoV-2 IgM and IgG were detected at all time
points and Ab response levels did not differ by HIV status (p > 0.05). At entry, age showed
a weak direct association with IgG responses (p = 0.44, p < 0.05) in HIV- but did not
show any association in PWH. Similar associations between age, IgG, and HIV status
emerged at day 14 (T1; p = 0.50, p < 0.05), 3 months (T3; p = 0.50, p < 0.05), and 6
months visit (T4; p = 0.78, p < 0.05) in the HIV- group.

Conclusion: The Ab responses in the 6-month post-SARS-CoV-2 infection did not differ
by HIV status, though a positive association was found between age and Ab response in

older PWH. Results suggest that immune protection and vaccine responses are similar
for PWH than for those without HIV infection.
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INTRODUCTION

Coronavirus Disease 2019 (COVID-19) has caused high
mortality and morbidity worldwide since it appeared in
December 2019 (1, 2). The severity and progression of COVID-
19 vary among individuals and appear to be linked to the role
of the host immunity and adequate antibody (Ab) responses
(3-5). While data suggests that after natural infection of SARS-
CoV-2, the development of anti-spike protein immunoglobulin
M (IgM) and immunoglobulin G (IgG) occurs at approximately
10 days after the onset of symptoms, (6-9) the longevity of Abs
mediated by adaptive immunity to SARS-CoV-2 has not been
fully determined (10-13).

Ab targeting viral surface glycoproteins mediate humoral
immune responses to SARS-CoV-2 (14). The 180 kDa spike
glycoprotein is considered an important antigenic determinant
capable of inducing a protective immune response (15). The S1
subunit is the receptor-binding domain (RBD), which mediates
a viral binding to the functional ACE2 receptors on susceptible
cells and is the main target for SARS-CoV-2 neutralizing Ab
(14). The Ab against the RBD region has been considered a
reliable indicator of recent severe SARS-CoV-2 infection, future
seroprotection, and vaccine response.

Several studies have described higher rates of COVID-19-
related diagnosis, hospitalizations, and mortality in people with
HIV (PWH) compared to those without HIV (HIV-) (16,
17). While root causes of poor outcomes remain uncertain,
persistent state of immune activation and inflammation have
been suggested as plausible reasons for worse outcomes in PWH
(18-21). Furthermore, recent studies have found that SARS-CoV-
2-coinfected PWH are almost 10 years younger than those who
are HIV- despite having similar underlying medical conditions
(21, 22). The difference may be related to the fact that HIV
accentuates the biological age of those infected individuals, which
could have important health implications when establishing a
high-risk threshold for age for the population (21, 23).

Understanding the host immune response and duration of Ab
levels after SARS-CoV-2 is crucial for planning for healthcare
and public health interventions. Thus, in this study, we aimed
to evaluate the Ab response to SARS-CoV-2 of PWH and those
who are HIV- and its association with age.

MATERIALS AND METHODS

Participants

We recruited participants from the community as part of
the ongoing A Comprehensive Translational Initiative On
Novel coronavirus (ACTION) Cohort, evaluating SARS-CoV-2
coinfection in Miami. Participants were identified through an
existing patient registry at the Miami Center for HIV Research in
Mental Health (CHARM) and Center for AIDS Research (CFAR).
In addition, participants were recruited via medical referrals,
word-of-mouth, and/or recruitment flyers.

Inclusion criteria for the study were individuals >18 years in
age with a documented diagnosis of SARS-CoV-2 infection by a
commercially approved PCR test within 4 weeks. All participants
had mild COVID-19 symptoms without hospitalization. PWH

TABLE 1 | Sociodemographic, exposure risk, symptoms, and comorbidities of
44 individuals with SARS-CoV-2 by HIV status.

Overall PWH HIV (1)
(N = 44) (N =23) (N =21)
Median age in years (Min, 48 (22, 78) 55 (26, 68) 36 (22, 78)
Max)
Race
Black 6 (13.6) 5(23.8) 14.3
White 27 (61.4) 11 (62.4) 16 (69.6)
Native American 1(.3) 0 (0.0) 14.3)
Other 10 (22.7) 5(23.8) 5(21.7)
Ethnicity
Hispanic 37 (84.1) 17 (81.0) 20 (87.0)
Non-Hispanic 49.1) 2(9.5) 2(8.7)
Other 3(6.9) 2(9.5) 14.3
Female 20 (45.5) 6 (28.6) 14 (60.9)
Full/part-time employment 23 (562.3) 8(38.1) 15 (65.2)
Exposure risk
Healthcare worker 10 (22.7) 2 (9.5) 8(34.8)
Public transportation use 11 (25.0) 8(38.1) 3(13.0
Suspected contact with 28 (63.6) 12 (67.1) 16 (69.6)
person with COVID-19
Absolute CD4+ T-cell - 772.10 -
count/pl, mean (+ SD) (365.21)
SARS-CoV-2 diagnosis
Positive rapid test result at 42 (97.7) 20 (95.2) 22 (100.0)
screening
Mean time from positive 15.11 (12.99) 15.93 (13.85) 11.00 (7.81)
PCR in days (+ SD)
Symptoms
Fever/elevated temperature 24 (54.5) 8(38.1) 12 (52.2)
Chills 22 (50.0) 13(61.9) 9(39.1)
Muscle aches/myalgia 35 (79.5) 13 (61.9) 22 (95.7)
Eye redness/conjunctivitis 7(15.9 4 (19.0) 3(13.0)
Upper respiratory tract* 16 (36.4) 10 (47.6) 6 (26.1)
Dyspnea 11 (25.0) 5(23.8) 6 (26.1)
Confusion 9(20.5) 5(23.8) 4 (17.4)
Headache 32 (72.7) 19 (82.6) 13 (61.9)
Loss of taste/ageusia 31 (70.5) 14 (66.7) 17 (73.9)
Loss of smell/anosmia 32 (72.7) 15(71.4) 17 (73.9)
Gastrointestinal symptoms™* 12 (27.3) 5(23.8) 7 (30.4)
Concurrent symptoms 34 (77.9) 14 (66.7) 20 (87.0)
Comorbidities
Cardiovascular disease 1(2.9) 0 (0.0) 14.3)
risk**
Active malignancy 3(6.8) 2(9.5) 1(4.3
Pulmonary disease 5(11.4) 4 (19.0) 1(4.3)
Rheumatological disease 2 (4.5) 0 (0.0) 2(8.7)

*Upper Respiratory Tract Symptoms include runny nose, sore throat, or cough.
**Gastrointestinal Symptoms include Nausea/vomiting, diarrhea, or abdominal pain.
***Cardiovascular Disease Risk includes Hypertension, Heart Disease, Diabetes Mellitus,
and renal disease.

Data as presented as No. (%) unless otherwise indicated.
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were on effective antiretroviral therapy (ART; plasma viral
load <500 copies/ml) as determined by recent HIV viral load.
Participants attended in-person visits between May 2020 and
March 2021 and were followed longitudinally at baseline (T0),
day 14 (T1), 1 month (T2), 3 months (T3), and 6 months
(T4). Following screening and enrollment, a Food and Drug
Authority (FDA) Emergency Use Authorized IgG/IgM rapid test
was performed (24).

Clinical Assessments

Eligible participants completed a 20-min phone questionnaire.
The questionnaire is an adaptation from the survey in the
Multicenter AIDS Cohort Study/Women’s Interagency HIV
Study (MACS/WIHS) Combined Cohort Study (MWCCS)
previously used to evaluate a COVID-19 burden among PWH in
the U.S. and other settings (25-27). This questionnaire collected
sociodemographic information (i.e., sex, gender, race, ethnicity,
employment status, living situation, and monthly household
income), clinical data on COVID-19 exposure risk (i.e., recent
travel, healthcare worker, use of public transportation, and
contact with infected persons), clinical presentation, medical
history, and comorbidities.

Laboratory Assessments: Spike RBD IgG

and IgM ELISA

Spike RBD antigen-specific IgG and IgM levels were measured by
a quantitative ELISA as described by Krammer lab (28). Briefly,
96 well-plates were coated with 1g/ml SARS-CoV-2 antigen
overnight at 4°C, followed by blocking with 3% skim milk in PBS
containing 0.05% Tween-20 for 2h at room temperature. Heat
inactivated plasma was added to the plates at 1:100 dilution and
incubated at room temperature followed by washing and addition
of anti-human IgG peroxidase or anti-human IgM peroxidase
secondary Ab. After incubation, plates were developed with
3,3}5,5’-Tetramethylbenzidine (TMB) substrate and followed by
a stopping reaction with 2M sulfuric acid. The plates were read
using an ELISA plate reader at 450 nm and optical densities were

background subtracted. A positive control standard was created
by pooling the plasma from eight patients with convalescing
COVID-19. The positive control standard was run on each
plate and was used to calculate titers (relative units) for all
samples using non-linear regression interpolations to quantify
the amount of anti-RBD IgG and anti-RBD IgM present in each
specimen. The cut-off was calculated based on the mean titer
for the negative control 43 SD above the mean. The COVID-19
negative controls were samples from HIV uninfected individuals
collected in 2018 (prior to the identification of SARS-COV-2 and
the COVID-19 pandemic) under other IRB-approved protocols.
Laboratory assessments were conducted in the University of
Miami CFAR laboratories.

Statistical Analysis

Data and statistical analyses were conducted using SPSS version
24. The data plotted were expressed as mean £ SD or median
values. Poisson generalized estimating equations were used
to analyze time points, HIV status, and their interactions
to predict Ab response. Correlation analyses were performed
using non-parametric correlations (Spearman). A p < 0.05 was
considered significant.

RESULTS

Sample Characteristics

The sociodemographic characteristics, COVID-19 risk exposure,
clinical presentation, and comorbidities are illustrated in Table 1.
A total of 44 participants were enrolled in the study, of which 23
were PWH and 21 were HIV-. The median age of all participants
was 48 years (range 22-78) with 45.5% women. The median
age for PWH was 55 years (range 26-68) with 28.6% women,
and HIV- was 36 years (range 26-68) with 60.9% women.
Most participants self-identified as White (Overall: 64.1%; PWH:
52.4%; HIV-: 69.6%) and Hispanic (Overall: 84.1%, PWH: 81%,
HIV-: 87%). Almost half were employed (52.3% overall). The

TABLE 2 | Time points predicting immunoglobin G (IgG) and immunoglobin M (IgM) to SARS-CoV-2 by HIV status.

Variables IgG Levels IgM Levels

B SE p B SE p
Intercept” 9.33 0.33 <0.01 7.80 0.34 <0.01
TO 0.67 0.48 0.16 1.85 0.40 <0.01
iR 0.64 0.44 0.15 1.35 0.38 <0.01
T2 0.38 0.43 0.38 0.76 0.38 0.04
T3 -0.18 0.37 0.62 0.62 0.59 0.29
HIV status 0.59 0.46 0.21 0.82 0.45 0.06
TO x HIV- —0.95 0.61 0.12 —-0.84 0.51 0.10
T1 x HIV- —0.53 0.59 0.37 —0.41 0.48 0.40
T2 x HIV- —0.51 0.59 0.39 —0.44 0.47 0.35
T3 x HIV- —0.45 0.50 0.36 —-0.73 0.70 0.30
SE, Standard Error. TO (baseline) N = 44; T1 (14 days) N = 40; T2 (30 days) N = 42; T3 (90 days) N = 40; T4 (180 days) N = 22.
*Reference category for time points is T4 and for HIV status is PWH.
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FIGURE 1 | Poisson generalized estimated equations comparing (A) IgM antibody response and (B) IgG antibody response across all time points by HIV status.
Antibody responses in the 6-month post-SARS-CoV-2 infection did not differ by HIV status.

TABLE 3 | Correlation matrix for age, IgG, and IgM at each time point.

Status
Overall PWH HIV (-)
Visit (days) IgG IgM [e]e] IgM 1gG IgM
TO (0) 0.27 0.14 0.09 —0.14 0.44* 0.36
T1(14) 0.39** 0.09 0.30 —0.14 0.50* 0.44
T2 (30) 0.37 0.06 0.30 -0.17 0.42 0.38
T3 (90) 0.45* 0.13 0.30 —-0.12 0.50* 0.41
T4 (180) 0.60* 0.16 0.24 —0.48 0.78* 0.68*

Spearman correlations reported. TON = 44; TIN =40; T2N =42; TSN =40; T4 N = 22.
*p < 0.05 (two-tailed). **p < 0.017 (two-tailed).

most common risk exposure was suspected contact with a person
with a COVID-19 diagnosis.

Mean time from COVID-19 diagnosis to enrollment was
16 days for PWH and 11 days for HIV-. The mean CD4+
T-cell count/pl for the PWH was 772.10 (£ 365.21). The
prevailing clinical presentations reported were as follows
in decreasing order of frequency: myalgia, headache, loss
of smell, loss of taste, fever/elevated temperature, chills,
upper respiratory tract symptoms, gastrointestinal symptoms,
dyspnea, confusion, and eye redness/conjunctivitis. Over three-
fourths had one or more symptoms concurrently. The most
frequently reported comorbidity was cardiovascular disease
risks factors (hypertension, heart disease, diabetes mellitus,
and renal disease). History of pulmonary disease (asthma
and bronchitis), active malignancy, or rheumatological diseases
was uncommon.

Antibody Responses to SARS-CoV-2

Ab responses to SARS-CoV-2 by HIV status can be found in
Table 2. The IgM and IgG Ab responses specific to RBD antigen
were analyzed at baseline (T0), day 14 (T1), 1 month (T2), 3
months (T3), and 6 months (T4) post-study entry. PWH showed
similar levels of RBD-specific IgM and IgG compared to HIV-
individuals post-CoV2 infection at all time points. Overall, the
data indicate that levels and persistence of Ab response to SARS-
CoV2 infection in PWH are comparable to the HIV- population
(Figure 1).

Direct Association Between Age and
Persistence of SARS-CoV-2 Antibody
Responses in PWH

The association between age and persistence of SARS-CoV-2
Ab responses by HIV status is presented in Table 3. At entry,
age showed a weak direct association with IgG responses (p =
0.44) in HIV- but did not show any association in PWH. Similar
associations between age, IgG, and HIV status emerged at T1 (p =
0.50), T3 (p = 0.50), and T4 (p = 0.78) (Table 3 and Figure 2). At
T4, an association between age and IgM also emerged (p = 0.68)
in the HIV- group. Additionally, absolute CD4+ T cell count in
PWH did not correlate with IgM and IgG responses.

DISCUSSION

This study compared the magnitude and longevity of SARS-
CoV-2 Ab responses in a group of virologically suppressed PWH
and HIV- controls after mild COVID-19. It also evaluated the
relationship of SARS-CoV-2 Ab responses and age by HIV status.

Frontiers in Medicine | www.frontiersin.org

March 2022 | Volume 9 | Article 768138


https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

Alcaide et al. SARS-CoV-2 Antibody Responses in HIV
Timepoint
| 6 Months
[ 3 Months |
[ 1 Month |
| 14 Days |
Baseline |
20 30 40 S0 60 70 80 20 30 40 S0 60 70 80 20 30 40 SO 60 70 80
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
rho: -0.14, p-value: 0.55 | rho: -0.14, p-value: 0.554 | rho: -0.17, p-value: 0.466 | rho: -0.12, p-value: 0.625 | rho: -0.48, p-value: 0.1
o | &
° 3
do. ° ° | % :
° T
£ s |° o .
[ o o o w
) ° g_(_,_/o\gaf.s\ o 9 ° ° a2
= N © %o o o 6 o0® 5 OGS aog—2v%8eg0 , " g I o g
o
-%, rho: 0.36, p-value: 0.09 | rho: 0.44, p-value: 0.052o rho: 0.38, p-value: 0.093 | rho: 0.41, p-value: 0.071 rho: 0.68, p-value: 0.05 %
s £ °
x B3
) 8 °° ° .
8 ° >
2 ° -
o
°
o o © o o
o w o o
° ®° 0, o PN ° a2t o | & o
— T T e e e .
20 30 40 S0 60 70 80 20 30 40 S0 60 70 80
Age (years)
20 30 40 SO 60 70 80 20 30 40 SO 60 70 80 20 30 40 SO 60 70 80
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
2
rho: 0.09, p-value: 0.707 rho: 0.3, p-value: 0.2 rho: 0.3, p-value: 0.189 rho: 0.3, p-value: 0.193 | rho: 0.24, p-value: 0.422 -%
o
: L § .
= >
. o0 T
E . ’ 1 g
< o o °
o0 o ol o |o 7]
E " o o X ° o 00 o w,/\e‘—e 3
= 5% 0 000 o ° o —0—o T, T oo T8 T ° Lo ol
o s s 1 2
B §- rho: 0.44, p-value: 0.036 | rho: 0.5, p-value: 0.025 | rho: 0.42, p-value: 0.056 | rho: 0.5, p-value: 0.025 | rho: 0.77, p-value: 0.014 T
E =
0 g °
o § i .
- >
z
9
g °
@ o o,
8 ° °f o = o : 2
c-o£°°o ° o o:oo ° soo -] ° o L
— T T — T T —
20 30 40 S0 60 70 80 20 30 40 S0 60 70 80
Age (years)
FIGURE 2 | Coplots evaluating the correlation between age and antibody response by timepoint and HIV status.

While it was hypothesized that an impaired immune response
would result in lower and shorter term Ab responses in PWH,
our results show that PWH can develop appropriate Ab responses
to SARS-CoV-2.

These results support the growing literature on similar
magnitude and durability of Ab titers in individuals with and
without HIV after natural infections (29-31). In addition, similar
early and acute Ab responses and time to peak Ab titer of anti-
SARS-CoV-2 IgM and IgG have been observed between these

groups, which are considered a marker of increased protection
(29). Our findings, however, contrast with those of Spinelli et
al. (34), as our results indicate that the level of Ab responses to
SARS-CoV2 infection in PWH is comparable to those without
HIV infection. These discrepancies may be related to the different
characteristics of the study participants, such as the lower number
of comorbidities, higher CD4+ T-cell count, and an HIV viral
suppression seen in our participants. These findings could shed
light on the understanding and management of HIV in the era of
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COVID-19 and highlight the importance of ensuring appropriate
ART adherence during the pandemic.

Previous literature has found impaired immune responses
occurring in the setting of HIV and aging (32-34). Immune
responses affected by aging can lead to reduced or delayed
AD responses through cell-intrinsic defects, functional defects
of T-cells, and antigen uptake, resulting in worse outcomes
compared to those uninfected (35). While it is thought that
HIV infection adds several years to the chronological age of
those infected (21, 23) even with a higher median age of 19
years, PWH in this study had comparable Ab responses to the
younger HIV-individuals. On the other hand, the HIV- group
was younger than the HIV infected group, which could partially
explain the lack of association between age and SARS-CoV-2 Ab
titers. Recent data, however, showed that participants aged 19-30
years had significantly lower IgG levels than those aged 50-80 but
not those aged 81 or older (36).

Among the general population, older age and comorbidities,
including immunosuppression, are linked to severe outcomes
and death due to SARS-CoV-2 (37). The limited data on
PWH coinfected with SARS-CoV-2 suggest that PWH with
adequate immune recovery and viral suppression have similar
or better clinical course than those without HIV infection when
developing COVID-19 (38, 39). For instance, a case-series report
denoted similar clinical and immunological data on virally
suppressed PWH hospitalized patients who showed high degrees
of both cytokines production and immune activation (40).
Despite having a mild presentation, IgG production was elicited
in all patients and neutralized the Ab in all but one patient.

Because SARS-CoV-2 infection is associated with a broad
spectrum of disease, heterogeneous Ab responses are expected.
The SARS-CoV-2 Ab testing has an important role in providing
insights about a previous infection, which is important
for community surveillance and for determining short-term
immunity and protection against reacquiring infection. As many
PWHs are likely at high risk of becoming infected with SARS-
CoV-2 and severe COVID-19 due to comorbid conditions (41,
42), the development of IgM and IgG Ab against the spike protein
could likely indicate protection against reinfections and potential
protection after vaccination against SARS-CoV-2. As such, larger
and more diverse studies are needed to understand the host
immune response and duration of Ab levels after SARS-CoV-2
in the HIV setting.

Our study is limited by the small sample size, a short
longitudinal follow-up, and evaluation of patients at different
time points after infection based on positive PCR results, which
may have resulted in the participant recall bias when describing
clinical presentation, and in differences in Ab titers. Due to
a lack of data on antibody responses at the time the study
was conducted, no a priori power analysis was conducted
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