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Similar Antibody Responses Against Severe Acute
Respiratory Syndrome Coronavirus 2 in Individuals Living
Without and With Human Immunodeficiency Virus on
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Background. 'There is limited understanding of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) pathogenesis in
African populations with a high burden of infectious disease comorbidities such as human immunodeficiency virus (HIV). The ki-
netics, magnitude, and duration of virus-specific antibodies and B-cell responses in people living with HIV (PLWH) in sub-Saharan
Africa have not been fully characterized.

Methods. 'We longitudinally followed SARS-CoV-2-infected individuals in Durban, KwaZulu-Natal, South Africa, and charac-
terized SARS-CoV-2 receptor-binding domain-specific immunoglobulin (Ig) M, IgG, and IgA weekly for 1 month and at 3 months
post-diagnosis. Thirty of 72 (41.7%) were PLWH, 25/30 (83%) of whom were on antiretroviral therapy (ART) with full HIV suppres-
sion. Plasma neutralization was determined using a live virus neutralization assay, and antibody-secreting cell population frequen-
cies were determined by flow cytometry.

Results.  Similar seroconversion rates, time to peak antibody titer, peak magnitude, and durability of anti-SARS-CoV-2 IgM,
IgG, and IgA were observed in people not living with HIV and PLWH with complete HIV suppression on ART. In addition, similar
potency in a live virus neutralization assay was observed in both groups. Loss of IgA was significantly associated with age (P = .023)
and a previous diagnosis of tuberculosis (P = .018).

Conclusions. Similar antibody responses and neutralization potency in people not living with HIV and PLWH on stable ART in
an African setting suggest that coronavirus disease 2019 (COVID-19) natural infections may confer comparable antibody immunity
in these groups. This provides hope that COVID-19 vaccines will be effective in PLWH on stable ART.
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The coronavirus disease 2019 (COVID-19) pandemic caused
by the severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) virus has significantly impacted global health. Yet, there
is relatively limited understanding of its impact in sub-Saharan
African populations, with most studies conducted in developed
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countries. The heterogeneity in severity of COVID-19 has
shown the importance of characterization of clinical outcomes
and the corresponding immune responses across different
populations. This is particularly important for sub-Saharan
Africa as this region has a higher burden of infectious dis-
eases when compared with other regions. It bears the greatest
burden of malaria, tuberculosis (TB), and human immunode-
ficiency virus (HIV) among other endemic infectious diseases
that could significantly modulate the immunological profiles of
individuals [1]. Indeed, poor immunological responsiveness to
Ebola and yellow fever vaccines have been reported in African
populations when compared with European populations, and
this has been attributed to high baseline inflammatory profiles
in African populations, even though genetic differences cannot
be ruled out [2, 3].
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Further, sub-Saharan Africa bears the greatest burden of HIV;
of the 37.9 million people living with HIV (PLWH) globally, 25.7
million reside in sub-Saharan Africa [4]. Some countries in the
region have particularly high HIV prevalence, such as South
Africa especially KwaZulu-Natal, with a prevalence rate of 19%
[5]. Notably, 48.0% of PLWH in sub-Saharan Africa remain vi-
remic, suggesting that a large proportion of PLWH in the region
could be immunosuppressed. Moreover, antiretroviral therapy
(ART) reduces but does not fully eliminate HIV-induced in-
flammation and immune activation, suggesting that some im-
mune defects may persist despite fully suppressive ART [6, 7].
Population cohort studies report an association of HIV infection
and higher disease severity and/or mortality in COVID-19 pa-
tients [8-10]. The neutralizingantibody response to SARS-CoV-2
is a key correlate of protection [11]; HIV-induced impairment of
anti-SARS-CoV-2 neutralizing antibody responses could result
in higher disease severity and mortality in COVID-19 patients.
The antibody response to SARS-CoV-2 in PLWH has, however,
not been well characterized to date, with most studies focusing
on clinical outcome. HIV is known to affect multiple compo-
nents of the immune system, including the B-cell compartment
[12], and PLWH make poor antibody responses to routine vac-
cination or on exposure to other natural infections [13-16].
Effective control of HIV viremia with antiretroviral drugs im-
proves responsiveness to routine vaccines, especially when ART
is initiated early in the infection [13, 15, 17]. Considering that
anti-SARS-CoV-2 antibodies effectively prevent SARS-CoV-2
infection in COVID-19 convalescent individuals and COVID-
19 vaccine recipients, understanding the impact of HIV on
their elicitation will reveal possible interactions between the 2
diseases in sub-Saharan Africa. Antibodies are also important
diagnostic and surveillance tools [18, 19], and understanding
whether there are differences in responses between PLWH and
people not living with HIV may have implications for the devel-
opment of diagnostic and surveillance algorithms, particularly
in regions with high HIV burden.

To characterize the general B-cell response to a live SARS-
CoV-2 isolate (B.1.1.117, referred to here as D614G to de-
note the only mutation of significance) representing a typical
SARS-CoV-2 infecting virus in sub-Saharan Africa at the time
of sampling, we report on the levels of anti-SARS-CoV-2 im-
munoglobulin (Ig) M, IgG, IgA, neutralizing antibodies, and
antibody-secreting cells (ASCs) in a South African cohort of
SARS-CoV-2-confirmed cases. We also disaggregate the study
population based on HIV status to assess the impact of HIV on
anti-SARS-CoV-2 antibody responses in PLWH on ART.

METHODS

Ethical Approval

The University of KwaZulu-Natal Institutional Review Board
approved the study protocol. Written informed consent was
obtained for all participants.

Participant Enrollment

All study participants were aged >18 years, capable of giving
informed consent, presented with a positive SARS-CoV-2 pol-
ymerase chain reaction (PCR)-based diagnosis, and were re-
cruited from 2 hospitals (King Edward VIII and Clairwood)
in Durban, KwaZulu-Natal, South Africa, between June 2020
and November 2020 (last enrollment date was 18 August 2020
after which no participants tested positive for SARS-CoV-2 by
PCR, indicating that there were no reinfections). Participants
consented to blood and nasopharyngeal/oropharyngeal swab
collection at recruitment to the study and during weekly fol-
low-up visits until day 28 and a further time point at 3 months
post-enrollment. Each participant was subjected to a SARS-
CoV-2 real-time quantitative (RT-qPCR) test that also served to
quantify the SARS-CoV-2 viral load. Full genome SARS-CoV-2
sequencing was performed for only 16 participants (data not
shown). All participants were ranked according to the World
Health Organization ordinal scale for clinical improvement
[20] as ambulatory, no limitation of activities; infected with lim-
itation of activity; infected with limitation of activity and hos-
pitalized; and infected, hospitalized, and supplemental oxygen
provided (Table 1).

RT-qPCR Detection of SARS-CoV-2

The QIAmp Viral RNA Mini kit (QIAGEN, Hilden, Germany)
was used according to the manufacturer’s instructions to extract
SARS-CoV-2 RNA. Three SARS-CoV-2 genes (ORFlab, S, and
N) were amplified using the TaqPath COVID-19 Combo kit
and TaqPath COVID-19 CE-IVD RT-PCR kit (ThermoFisher
Scientific, Waltham, MA) using a QuantStudio 7 Flex Real-
Time PCR system and analyzed using the Design and Analysis
software (ThermoFisher Scientific). Results were interpreted as
positive if at least 2 of the 3 genes were amplified and regarded
inconclusive if only 1 of the 3 genes was detected.

Clinical Laboratory Testing

A separate blood sample per participant was sent to an ac-
credited diagnostic laboratory (Molecular Diagnostic Services,
Durban, KwaZulu-Natal, South Africa) for HIV testing by rapid
test and quantification of HIV viral load. Blood CD4 and CD8
cell counts (cells per microliter) were performed by a com-
mercial diagnostic laboratory (Ampath, Durban, South Africa;
Supplementary Table 1).

Receptor-Binding Domain Antibody Immune Assay

Collected plasma samples were tested for anti-SARS-
CoV-2 IgM, IgG, and IgA antibodies as earlier described but
with some modifications. Briefly, flat-bottom microplates
(ThermoFisher Scientific) were coated with 500 ng/mL of the
receptor-binding domain (RBD) of the spike protein from
SARS-CoV-2 (GenBank: MN975262; provided by Dr Galit
Alter from the Ragon Institute, Cambridge, MA) and incu-
bated overnight at 4°C. Plates were blocked with a 200 pL/
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Table 1. Participant Enroliment Information

Participants without HIV

Participants with HIV

n, % All (n=72) (n=42,58.3%) (n =30, 41.7%) PValue (Stratified by HIV Status)
Female 55 (76.4%) 32 (76.2%) 23 (76.7%) 9
Age, median (interquartile range), years 43.8 (33.3-51.9) 45.1 (32.5-54.9) 42.8 (34.9-50.5) 5
Disease severity (ordinal scale®) .883
Asymptomatic (1) 9(12.5%) 6 (14.3%) 3(10.0%)
Mild (2/3) 45 (62.5%) 26 (61.9%) 19 (63.3%)
Severe (4) 18 (25.0%) 10 (23.8%) 8 (26.7%)
Comorbidity
Hypertension 14 (19.4%) 9 (21.4%) 5 (16.7%) .765
Diabetes 13 (18.1%) 10 (23.8%) 3(10.0%) 214
History of tuberculosis 8 (11.1%) 1(2.4%) 7 (23.3%) .008

Abbreviation: HIV, human immunodeficiency virus.
“Reference [20]

well tris-buffered saline containing 1% bovine serum albumin
(TBSA) and incubated at room temperature for 1 hour. Samples
were diluted in TBSA with .05% Tween-20 to 1:100, 1:1000,
and 1:10 000. Subsequently, goat anti-human IgG (1:5000),
IgM (1:5000), and IgA (1:10 000) horseradish peroxidase
conjugated secondary antibodies (Jackson ImmunoResearch,
West Grove, PA) were added to the respective plates (100 pL/
well) and incubated at room temperature for 1 hour. Bound
secondary antibodies were detected using 1-step Ultra TMB
substrate (100 pL/well; ThermoFisher Scientific). Plates were
incubated at room temperature for 3 (IgG) and 5 (IgM and
IgA) minutes, respectively, in the dark before addition of 1 N
sulfuric acid stop solution (100 uL/well). Plates were washed
with high-salt TBS-containing .05% Tween-20 after each incu-
bation. Standard curves were used to calculate the concentra-
tion (nanograms per milliliter) of anti-RBD expressed as IgG
(anti-SARS-CoV-2 monoclonal, CR3022), IgM (anti-SARS-
CoV-2 S1 RBD IgM, hIgM2001), or IgA (anti-SARS-CoV-2
S1 RBD IgA, hIgA2001; Genscript Piscataway, NJ) [21, 22].
We used prepandemic plasma samples as negative controls
to define seroconversion cutoffs calculated as 3 times the
standard deviation plus the mean of the negative samples for
each isotype.

Live Virus Microneutralization Assay

A live virus neutralization focus-forming assay using an iso-
late of SARS-CoV-2 (D614G) [23] was used with the following
modifications: input virus was 100 focus-forming units per well
and plasma samples were serially diluted 4-fold from 1:20 to
1:81 920 final concentrations. For each participant, 1 early (me-
dian days post-symptom onset, 30; interquartile range [IQR],
26-62) and 1 late (median, 102; IQR, 98-111) time point was
selected. The dilution of sera required to inhibit viral infection
by 50% relative to the no-antibody control wells (NT50) was
calculated using a 4-parameter logistic curve fit (GraphPad
Prism version 9.01).

Quantification of Antibody-Secreting Cells

Blood was collected in EDTA tubes and diluted 1:3 with
phosphate-buffered saline (PBS). Peripheral blood mononuclear
cells (PBMCs) were isolated by density gradient centrifugation
through Histopaque 1077 (Sigma-Aldrich) in SepMate separa-
tion tubes (STEMCELL Technologies, Vancouver, Canada). For
immune phenotyping, 10° fresh PBMCs were surface-stained
in a 25-pL antibody mix containing a LIVE/DEAD fixable
near-IR-dead cell-staining reagent (1:200 dilution, Invitrogen,
Carlsbad, CA) with combinations of the listed antibodies from
BD Biosciences (Franklin Lakes, NJ), BioLegend (San Diego,
CA), or Beckman Coulter (Brea, CA). Cells were stained for
20 minutes in the dark at room temperature, followed by two
1-mL washes with cold PBS, then fixed in 2% paraformaldehyde
and stored at 4°C until acquisition on a FACSAria Fusion III
flow cytometer (BD Biosciences). CD19+ B cells were analyzed
for the B-cell maturation markers CD27 and CD38 to identify
ASCs (CD27 + CD38++) using Flow]Jo version 9.9.6 (Tree Star).

Statistical Analyses

Statistical analyses were conducted in Stata (version 16) and
GraphPad Prism (version 9.01). Lowess curves were gener-
ated to indicate kinetics of antibodies over time. Kaplan-Meier
curves (multivariable analyses) were used to determine time to
seroconversion, and the Pearson y* test was used to determine
factors associated with the loss of antibodies, with 95% confi-
dence intervals (CIs). Cox regression and the Breslow method
for ties were used to determine any associations to antibody re-
sponses. The Spearman rank test was used to determine all cor-
relations. P < .05 was considered significant.

RESULTS

A total of 72 SARS-CoV-2-infected patients with 294 clinical
specimens were analyzed in this longitudinal study. Full genome
SARS-CoV-2 sequence data were available for 16 participants,
none of whom were infected with a variant of concern (data not
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shown). Most participants were women (55 of 72, 76.4%), the
median age was 43.4 years (IQR, 33.3-51.9), 30 of 72 (41.7%)
were living with HIV, 25 of the 30 (83.0%) were on ART and
fully HIV suppressed in the blood. CD4 cell counts were signif-
icantly lower (P = .0006) in PLWH, while CD8 cell counts were
significantly higher (P = .0008) in PLWH. Hypertension was the
leading comorbidity (19.4%) followed by diabetes (18.1%) and
having a history of TB, which were significantly more common
in PLWH (P = .008). Of the 72 participants, 6 (12.5%) had no
clinical manifestation, 45 (62.5%) had mild clinical symptoms
with limitation of activities, and 18 (25.0%) had severe clinical
symptoms and required supplemental oxygen (Table 1). For all
analyses, days from symptom onset was used; day of enrollment
was used for asymptomatic cases.

Anti-SARS-CoV-2 IgM, IgG, and IgA antibodies specific to
the RBD were measured for all participants, sampled weekly
up to 28 days with a further time point at 3 months (Figure
1A-1C). Overall, 67 of 72 (93.1%) participants had more than
1 measurement within 28 days, with the majority possessing
SARS-CoV-2-specific IgM and IgG antibodies (53 of 72, 73.6%
and 70 of 72 97.2%, respectively). SARS- CoV-2 IgA antibodies
were less frequently observed but still present in most individ-
uals (43 of 72, 59.7%; Figure 1A-1C). Samples were available
for 43 of 72 (59.7%) participants at the 3-month time point
post-enrollment. These samples showed a marked waning of
the IgM (8 of 43,18.6%) and IgA (17 of 43, 39.5%) responses,
but IgG responses were well maintained (37 of 43, 86.1%).

Using the cutoffs defined earlier, we estimated the distribu-
tion of the time required to seroconversion for IgM, IgG, and
IgA (Figure 1A-1C). The estimated median time to serocon-
version was 17 days for IgM (IQR, 13-19), 13 days for IgG
(IQR, 11-16), and 19 days for IgA (IQR, 16-31). Loss of IgA
antibodies was significantly associated with age (P = .023) and
having a history of TB (P =.0018), while no trend could be
seen for IgM or IgG.

Next, antibody responses were stratified by HIV status and
overall; no differences in maximal anti-SARS-CoV-2 IgM, IgG,
or IgA titers were observed (Figure 1D-1F). Early and acute an-
tibody responses were similar between people not living with
HIV and PLWH, with significantly higher responses during
the convalescent weeks in PLWH (weeks 8, 7, and 7 for IgM
(P =.0455), IgG (P = .0133), and IgA (P = .0133), respectively;
Supplementary Figure 1). There was also no difference in time
to seroconversion between PLWH and participants not living
with HIV for any isotype. HIV-associated parameters (HIV
plasma viral load, CD4 and CD8 cell counts, and CD4:CD8
ratio) were also not associated with significant antibody losses
in PLWH across all 3 isotypes. A history of TB (only 6 partici-
pants with a history of TB developed IgA; P =.0018) and age
(34-45 years; P =.023) were associated with loss of IgA anti-
bodies at 3 months post-symptom onset (Figure 2A, 2B), while
no trend was noted for IgM or IgG.

Using a live virus focus-forming assay to measure anti-

SARS-CoV-2 neutralization (NT50), we observed no
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difference in neutralizing potency between PLWH and parti-
cipants not living with HIV (Figure 3A). Anti-SARS-CoV-2
neutralization positively correlated most strongly with IgG
titers from the same time points (r, = .9, P <.001), followed
by IgA (r,=.7,P < .001) and IgM (r_ = .5, P < .001; Figure 3B).
No significant differences in the neutralization ability were
detected between PLWH and participants not living with HIV.
To examine the cellular correlates of neutralizing antibodies,
we measured the frequency of CD27 + CD38++ ASC at base-
line in a subset of individuals using flow cytometry (Figure
4A-4D). ASC, measured at 0-13 days post-symptom onset,
significantly correlated with IgM (r = .66, P = .03) and IgA
(r,=.71, P =.02) titers with a similar correlation observed

for IgG (r, = .56, P = .07) and neutralizing (r, = .56, P = .09)
antibodies measured at 35-68 days post-symptom onset.
Finally, we tested the relationship between SARS-CoV-2-
specific antibodies and clinical parameters using regression
analysis. Anti-SARS-CoV-2 IgM antibody responses were sig-
nificantly associated with disease severity and the need for sup-
plemental oxygen (hazard ratio [HR] IgM, 6.3; 95% CI, 1.4-27.4;
P = .015; Figure 5A). IgA antibody production was significantly
associated with older age (45-54 years: HR, 2.9; 95% CI, 1.1-
7.2; P=.02 and >55 years: HR, 2.9; 95% CI, 1.2-7.3; P = .02)
and hypertension (HR, 2.3; (95% CI, 1.2-4.4; P = .01; Figure
5C). IgG antibody production was not associated with any clin-
ical covariates. Strikingly, and in line with the data presented,
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HIV coinfection (negative vs positive), HIV viral load (not DISCUSSION
living with HIV vs HIV virally suppressed and HIV viremic),

Here, we report on longitudinal anti-SARS-CoV-2 IgM, IgG,
and CD4 and CD8 cell counts were not associated with differ-

and IgA antibody titers and neutralization activity in a sub-Sa-

ences in any of the antibody isotypes measured (Figure 5). haran African population with a high burden of HIV. There
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Figure 5. HRs for covariates that impact anti—severe acute respiratory syndrome coronavirus 2 antibody production. HRs and 95% Cls for IgM (A), IgG (B), and IgA (C)with
significant associations indicated at P< .05. *HIV virally suppressed and HIV viremic participants are compared with participants not living with HIV. *Association of antibody
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were no differences in IgM, IgG, or IgA kinetics, durability, or
neutralization potency between people not living with HIV and
PLWH, 83% of whom were fully HIV suppressed. These data
agree with recently published data that showed similar sero-
conversion kinetics in PLWH with well-controlled disease and
people not living with HIV [24-27], highlighting the impor-
tance of a secure supply of ART for PLWH during the COVID-
19 pandemic. Overall, a lack of individuals with unsuppressed
HIV were available to determine its effect of uncontrolled HIV
in SARS- CoV-2 serology. Nonetheless, these data demonstrate
that HIV coinfection per se does not appear to limit the ini-
tial antibody response in the first SARS-CoV-2 infection wave
in South Africa. Numerous studies have demonstrated the ef-
fect of ART on vaccine-modulated immunity against polio and
measles. As such, a similar benefit of ART could lead to the ob-
served similarities between individuals living with and without
HIV in this study.

Opverall, age was significantly associated with both produc-
tion and loss of IgA. This trend, however, was not observed
when stratified by HIV status, probably a limitation of the
sample size. Interestingly, loss of IgA was also associated with
a previous diagnosis of TB. Current and previous diagnoses of
TB have also been associated with COVID-19 death in a pop-
ulation cohort study in South Africa [9]. In other studies, ac-
tive TB disease has been associated with a lower frequency of
B cells and a higher frequency of atypical double-negative B
cells; whereas when the frequency of total B cells normalized
after treatment, individuals with a history of TB treatment still
had higher double-negative B cells [28]. Therefore, active TB
might affect the humoral response to other pathogens including
SARS-CoV-2. Since Mycobacterium tuberculosis and SARS-
CoV-2 are both respiratory pathogens, existing TB-related
damage to the mucous and respiratory membranes could also
be further exacerbated by SARS-CoV-2 infection and affect mu-
cosal immunity. These potential interactions between respira-
tory pathogens need further investigation. Antibody-secreting
cells at 0-13 days post-symptom onset positively correlated
with IgG and IgA production 35-68 days post-symptom onset.
Due to the small sample size, we could not stratify into indi-
viduals living with and without HIV. A recent study, however,
reported no difference in ASCs between these 2 groups [29].

Multiple studies have shown that most SARS-CoV-2-in-
fected individuals produce S- and RBD-specific antibodies
during the primary response. RBD-specific monoclonal anti-
bodies can neutralize the virus in vitro and in vivo [30]. A re-
cent study demonstrated higher sensitivity of the S protein vs
the nucleocapsid protein for both the acute and post-infection
phases with the anti-N IgG antibodies waning after acute in-
fection [18]. Therefore, RBD-specific antibodies would likely
contribute to protection against reinfection. These results are
similar to those from previous reports. Whether the neutral-
ization response is also similar in subsequent infection waves

with variants that show multiple functional differences to the
original circulating strains has yet to be determined.

There were limitations to the study. First, the sample size of
HIV viremic participants was small. Only 5 people were HIV vi-
remic; therefore, we can only conclude on the effect of HIV on
antibody kinetics in ART virally suppressed individuals, as well
as on the impact that HIV-associated parameters such as CD4
cell counts have on antibody responses. Future studies should
focus on HIV suppressed vs HIV viremic patients. Second,
sample base-line blood at enrollment was taken between 0 and
37 days post-symptom onset. Consequently, we may have missed
the peak IgM response in some individuals, and time to serocon-
version may be shorter than reported here. Third, only 16 of 72
SARS-CoV-2 full genomes were available; therefore, we were un-
able to confirm the infecting viral variants. However, it should
be noted that all participants were enrolled into the study by
mid-August 2020, prior to the circulation of the Beta variant of
concern (beta VOC). Last, the associations between loss of IgA
antibodies, TB, and age should be interpreted with caution due to
the small sample size.

Despite these caveats, these data show similar antibody ki-
netics, durability, and neutralization potency in PLWH on
stable ART and people not living with HIV for SARS-CoV-2
D614G during the first wave of infections in an African setting.
This provides hope that COVID-19 vaccines will be effective in
PLWH on stable ART.

Supplementary Data

Supplementary materials are available at Clinical Infectious Diseases online.
Consisting of data provided by the authors to benefit the reader, the posted
materials are not copyedited and are the sole responsibility of the authors, so
questions or comments should be addressed to the corresponding author.
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