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ABSTRACT COVID-19 has challenged the scientific community in the search for
biological markers and information that can contribute to the early management of
the severe disease. Given the global scale of COVID-19, including reports of reinfection
even in the presence of effective vaccines; consequently, the eradication of SARS-CoV-2
is far from happening. This study aimed to characterize the neutralizing antibody (Nab)
geometric mean titers (GMTs) in hospitalized patients with COVID-19 and to evaluate
the association with length of stay, comorbidities, and patient outcome. Among the 103
participants, 84 (81.5%) had some previous conditions associated with worsening health
and 34 (33%) died. We found that neutralization potency varied greatly across individuals
and was significantly higher in patients discharged before 14 days than in patients who
stayed longer in the hospital. During the study period, 15 people living with HIV (PLWH)
were hospitalized, and no significant difference in clinical characteristics or anti-SARS-
CoV-2 Nabs was observed. However, PLWH with severe COVID-19 were younger [42,
interquartile range (IQR) = 17.5] than other hospitalized COVID-19 patients (59, IQR = 22,
P < 0.01). A high anti-HIV-1 antibody GMT of 583.9 (95% confidence interval: 344-990)
was detected, demonstrating maintenance of anti-HIV-1 Nab production among PLWH
coinfected with SARS-CoV-2. Therefore, these results indicate that neutralizing antibodies
are not the only immunological response capable of controlling disease progression, but
a high neutralizing response was associated with a shorter length of stay, suggesting the
benefit of early-stage immunotherapy treatment of COVID-19. Nevertheless, these data
highlight the importance of more Nab screening studies to predict faster recovery.
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production of neutralizing antibodies (Nabs) against SARS-CoV-2 is explored. Secondly,
varying levels of Nabs among patients are revealed, and a significant correlation
between the presence of Nabs and a shorter duration of hospitalization is identified,
which highlights the potential role of Nabs in predicting clinical outcomes. Lastly, a
follow-up conducted 7 months later demonstrates the progression and persistence of See the funding table on p. 13

Nabs production in recovered unvaccinated individuals. The study contributes essential Received 3 March 2023

knowledge regarding the characteristics of the study population, the early humoral Accepted 23 August 2023

immune response, and the dynamics of Nabs production over time. These findings  Published 9 October 2023

have significant implications for understanding the immune response to COVID-19 and Copyright © 2023 de Almeida et al. This is an

informing clinical management approaches. open-access article distributed under the terms of
the Creative Commons Attribution 4.0 International

license.

Address correspondence to Dalziza Victalina de
Almeida, dalziza@gmail.com.

The authors declare no conflict of interest.

November/December 2023 Volume 11  Issue 6 10.1128/spectrum.00959-23 1

Downloaded from https://journal s.asm.org/journal/spectrum on 07 February 2024 by 2804:7f1:€242:fe31:8d90:1c34:492¢:8e89.


https://crossmark.crossref.org/dialog/?doi=10.1128/spectrum.00959-23&domain=pdf&date_stamp=2023-10-09
https://doi.org/10.1128/spectrum.00959-23
https://creativecommons.org/licenses/by/4.0/

Research Article

KEYWORDS neutralizing antibodies, pseudovirus, SARS-CoV-2, HIV-1, PLWH, COVID-19

he major portal of SARS-CoV-2 entry into host cells is through the respiratory tract,

with the virus binding to the angiotensin-converting enzyme 2 (ACE-2) receptor
on alveolar type 2 (AT2) cells in the epithelium. When attacked by the virus, AT2 cells
produce inflammatory mediators, stimulating proinflammatory chemokine production
and initiating immunoglobulin production (1). Generally, immunoglobulin production
occurs 4 days after the onset of symptoms, enabling the diagnosis of COVID-19 through
specific SARS-CoV-2 antibodies (2). The detection of neutralizing antibodies (Nabs)
against SARS-CoV-2 helps to evaluate the status of the immune response of asympto-
matic/symptomatic COVID-19 patients and severe COVID-19, in addition to indicating
protection correlates (3).

Recent studies have demonstrated that the magnitude of Nab responses appears to
correlate with viral load, with higher responses reported among patients with more
severe disease and older adults (4, 5). Several comorbidities, including respiratory
disease, hypertension, diabetes, kidney disease, and HIV-1 infection, have been identified
as risk factors associated with severe COVID-19 manifestation (6). Nonetheless, few
studies describing the anti-SARS-CoV-2 Nab response in HIV/COVID-19 coinfections have
been performed thus far (7). The identification and characterization of Nabs can help
prevent new infections in exposed individuals, and passive immunization can be used
as a treatment against disease progression to severe forms. The aim of this study was
to provide preliminary data on the Nab immune response to SARS-CoV-2 in a group
of hospitalized subjects with COVID-19 in Rio de Janeiro, Brazil, including those with
COVID-19 associated with HIV-1 infection. For this, we calculated the seroconversion rate
of SARS-CoV-2 Nabs using the pseudovirus (psV) neutralization assay for a cohort of 103
hospitalized COVID-19 patients with or without HIV-1-associated infection and evaluated
its association with clinical features of COVID-19.

MATERIALS AND METHODS
Human samples

Plasma samples analyzed in this study were obtained from a clinical COVID-19 follow-up
study that included moderate/severe hospitalized patients at the COVID-19 Pandemic
Hospital Center INI/FIOCRUZ, Rio de Janeiro, Brazil, between June 2020 and May 2021
(RECOVER-SUS study-NCT04807699). A total of 103 hospitalized participants who tested
positive for SARS-CoV-2 by nasopharyngeal sampling using RT-qPCR were selected. The
variant circulating at the beginning of the pandemic was B.1.1.33 in Rio de Janeiro.
Clinical presentation was defined according to the World Health Organization (WHO)
COVID-19 severity classification within the first 24 h of hospitalization (8). Plasma
samples were collected on the first day of hospitalization (D1), after 14 days (D14), and
between 7 and 11 months (D300) after hospital admission. None of the patients were
vaccinated for COVID-19 during the blood collection period and we lack information
regarding reinfections between the time of hospital discharge and the blood sample
collection at D300. The local ethics committee approved this study, and all participants
signed an informed consent form; all the samples were deidentified.

Cells

HEK293T-ACE2 and HEK293T/17 cells were cultured in Dulbecco's modified Eagle
medium (DMEM) with 10% fetal bovine serum (FBS), 2 mM of L-glutamine, and
200 pg/mL of hygromycin B (Thermo Fisher Scientific, USA) at 37°C with 5% CO,.
HEK293T-ACE2 cells were a donation from Biodefense and Emerging Infections
Research Resources Repository -BEl resources (BElI catalog number: NR-52511), and
the TZM-bl cell line was obtained through the NIH AIDS Research and Reference
Reagent Program.
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Pseudovirus production and titration

All transfections were performed in T75 culture flasks, and the psV was produced
in HEK293T/17 cells cultured 24 h before reaching 50%-70% confluence on the day
of the experiment. The production of the HIV envelope-based psV and the HIV psV
neutralization assay was performed as described by de Almeida et al. (9). SARS-CoV-2
particles were produced using the Luciferase-IRES-ZsGreen backbone obtained from the
BEI resource, which was established by Crawford et al. (10). Briefly, 1 ug of HDM-IDT
Spike-fixK (BEI catalog number: NR-52514), 6 pug of pHAGE-CMV-Luc2-IRES-ZsGreen-W
backbone (BEI catalog number: NR-52516), 1.4 ug of HDM-Hgpm?2 (BEI catalog number:
NR-52517), 1.4 ug of HDM-tat1b (NR-52518), and 1.4 ug of pRC-CMV-Rev1b (NR-52519)
were used and cotransfected with Lipofectamine 3000 (Thermo Fisher Scientific, USA),
and Opti-MEM | Reduced Serum Medium (Gibco) was used, as well. For the positive
control, VSV G-pseudotyped (psV VSV-G) lentiviral particles (HDM-Hgpm2, HDM-tat1b,
and pRC-CMV-Rev1b) with the ZsGreen backbone were produced using the plasmid
pHEF expressing vesicular stomatitis virus glycoprotein (envelope) (VSV-G), obtained
from the NIH-HIV Reagent Program (catalog number: RP-4693). Pseudovirus supernatants
were collected approximately 72 h post-transfection, and the FBS concentration in the
virus-containing culture medium was adjusted to 20% (i.e., for each 1 mL of virus
harvested, 0.125 mL of FBS was added), filtered through a 0.45-um filter, and stored
at -80°C.

For median tissue culture infectious dose (TCID5p) assay measurements, 293T-ACE-2
cells (4 x 10" cells in 100 pL of growth medium/well) were added to each well,
followed by 20 mg/mL of DEAE-dextran with 11 pseudovirus dilutions, added after
24 h. Serial fivefold dilutions of pseudovirus were quadruplicated in 96-well culture
plates in a volume of 100 pL of growth medium/well. After 48 h of incubation (37°C
in 5% CO,), 100 pL of culture medium was removed from each well, and 100 pL of
Britelite Plus Reagent (PerkinElmer) was added to the cells. After 2 min of incubation
at room temperature to allow cell lysis, 150 pL of the cell lysate was transferred to
black, solid 96-well plates for luminescence measurements using a GloMax Navigator
Microplate Luminometer (Promega, USA). Wells with pseudovirus SARS-CoV-2-containing
supernatant that was not toxic to the cells based on light microscopy inspection, and
that produced at least relative luminescence units (RLUs) 10 times greater than the
background were scored as positive. The TCIDsq was calculated using the Reed-Muench
method and using the macro described on the TCIDsq; the cutoff macro is available on
the Los Alamos HIV Immunology Database (https://www.hiv.lanl.gov/content/nab-refer-
ence-strains/html/home.htm).

Pseudovirus neutralization assay

Neutralization activity was expressed as Nab titers, defined as the interpolated plasma
dilution that produced a 50% reduction in virus infectivity or a 50% (IDsg) and 90%
inhibitory dose (IDgg), observed as reductions in Luciferase reporter gene expression
after a single round of virus infection of 293T-ACE-2 cells, given that some components
essential for viral replication or persistent infection were deleted from the genome.
For each sample, residual infection was estimated across eight serum dilutions ranging
from 1:20 to 1:43,740; threefold serial dilutions of samples were performed in duplicate
(96-well flat bottom plate) in DMEM growth medium (100 pL/well). An amount of virus
to achieve a TCIDsq of 100,000 RLU equivalents was added to each well in a volume of
50 pL. The plates were then incubated for 90 min at 37°C in a total volume of 150 pL of
growth medium. 293T-ACE-2 cells (4 x 10* cells in 100 uL of growth medium) were added
to each well, and after 24 h, 20 mg/mL of DEAE-dextran was added. The normalized
percent (%) inhibition was calculated using uninfected cells (100% inhibition), and as
a negative control, we used prepandemic plasma (0% inhibition) as a reference. For
positive control, we used anti-SARS coronavirus recombinant human IgG1 (BEI catalog
number: NR-52392). After 48 h of incubation, 150 pL of culture medium was removed
from each well, and 100 pL of Britelite reagent (PerkinElmer, USA) was added to the
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cells. After 2 min of incubation at room temperature to allow cell lysis, 150 pL of the
cell lysate was transferred to black, solid 96-well plates for luminescence measurements
using a GloMax Navigator Microplate Luminometer (Promega, USA). The assays were
evaluated as having passed when the following parameters were met: the mean RLU
of the virus control was 10x higher than the background of the cell control; and the
standard deviation of RLU in the virus control well was 30%. All data were analyzed using
Excel Macros Nab analysis provided by the Global HIV Vaccine Enterprise, available on the
Los Alamos HIV Immunology Database (https://www.hiv.lanl.gov/content/nab-reference-
strains/html/home.htm).

Statistical analysis

P values were calculated by parametric (t-test), nonparametric Mann-Whitney (Wilcoxon
rank-sum) test, or Fisher’s exact test for nominal and continuous numeric variables,
respectively (Tables 1 and 2; Fig. 1). Multiple linear fixed-effects models were used
to evaluate patient differences related to neutralization antibodies titers. The model’s
fixed systematic component was adjusted by confounding variables (age, gender,
self-declared skin color, number of comorbidities, and days since first symptoms of
COVID-19 at hospital admission). The mean and 95% confidence intervals (95% Cls)
were used, and the results were also presented graphically for the estimated mean
marginal effects, where all other variables included in the multiple linear fixed models
remained in equal proportions or their average values, and contrasts were construc-
ted from these estimated mean marginal effects. R software (https://www.r-project.org/
about.html) version 4.1.1 packages ‘Ime4; ‘emmeans; and their dependencies were used
to perform the statistical analyses. For each parameter, a nonparametric analysis of
variance (ANOVA) was performed, and a paired t-test was performed to compare Nab
titers. To evaluate the continuous IDsg and IDgy outcomes, we used a simple linear
regression model assuming normal distribution for these outcomes on the log scale.
Statistical significance was declared at a P value <0.05. Analysis was performed with the
statistical computing software GraphPad Prism 9.

TABLE 1 Sociodemographic characteristics of study participants?

Microbiology Spectrum

Characteristics Overall Hospitalization stay days Pvalue
1-14 >14
Total 103 (100%) 50 (49%) 53(51%)
Gender
Male 57 (55.3%) 28 (56%) 29 (54.7%) 1
Female 46 (44.7%) 22 (44%) 24 (45.3%)
Skin color
Brown 71 (68.9%) 30 (60%) 41 (77.4%) 0.03
White 14 (13.6%) 6 (12%) 8(15.1%)
Black 8(7.8%) 5(10%) 3(5.7%)
Unknown 10 (9.7%) 9 (18%) 1(1.9%)
State of origin
RJ 101 (98.1%) 49 (98%) 52 (98.1%) 1
AM 2 (1.9%) 1 (2%) 1(1.9%)
Schooling
High school 42 (40.8%) 23 (46%) 19 (35.8%) 0.58
Elementary school 20 (19.4%) 8 (16%) 12 (22.6%)
University education 8 (7.8%) 4 (8%) 4 (7.5%)
First grade 22 (21.4%) 10 (20%) 12 (22.6%)
Illiterate 6 (5.8%) 4 (8%) 2 (3.8%)
Age 57 (IQR=23.5) 56 (IQR = 23.6) 58 (IQR = 25.4) 0.84

%alues are presented as number (%) or median (IQR). Data are presented as absolute (relative) frequencies or median (IQR). P values were calculated either by nonparamet-
ric Mann-Whitney (Wilcoxon rank-sum) test or by Fisher’s exact test for nominal and continuous numeric variables, respectively. Statistical significance is indicated with the

following notations: P < 0.05.
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TABLE 2 Clinical characteristics and symptoms of study participants®

Comorbidities Levels Overall Hospitalization days P value
1-14 >14
Systemic arterial hypertension No 4 (52.4%) 24 (48%) 0 (56.6%) 0.49
Yes 49 (47.6%) 26 (52%) 3 (43.4%)
Diabetes mellitus No 0 (68%) 31 (62%) 39 (73.6%) 0.29
Yes 3 (32%) 19 (38%) 4 (26.4%)
Chronic obstructive pulmonary disease No 3(90.3%) 48 (96%) 5 (84.9%) 0.12
Yes 0(9.7%) 2 (4%) 8(15.1%)
Cerebrovascular accident No 101 (98.1%) 50 (100%) 51 (96.2%) 0.50
Yes 2(1.9%) 0(0%) 2(3.8%)
Cardiovascular failure No 99 (96.1%) 48 (96%) 51 (96.2%) 1
Yes 4(3.9%) 2 (4%) 2 (3.8%)
Rheumatic diseases No 102 (99%) 49 (98%) 53 (100%) 0.98
Yes 1(1%) 1(2%) 0 (0%)
Current smoking No 96 (93.2%) 49 (98%) 47 (88.7%) 0.14
Yes 7 (6.8%) 1(2%) 6 (11.3%)
Active tuberculosis No 99 (96.1%) 48 (96%) 51 (96.2%) 1
Yes 4(3.9%) 2 (4%) 2 (3.8%)
HIV serological status Negative 88 (85.4%) 45 (90%) 43 (81.1%) 0.10
Positive 15 (14.6%) 5(10%) 10 (18.9%)
Clinical data during COVID-19
Fever No 1 (49.5%) 6 (52%) 5(47.2%) 0.77
Yes 2(50.5%) 4 (48%) 8 (52.8%)
Oxygen saturation No 3(61.2%) 3 (66%) 0 (56.6%) 0.44
(<95%) Yes 40 (38.8%) 7 (34%) 23 (43.4%)
Cough No 0 (38.8%) 9 (38%) 21 (39.6%) 1
Yes 3(61.2%) 1(62%) 32 (60.4%)
Coryza No 97 (94.2%) 47 (94%) 50 (94.3%) 1
Yes 6 (5.8%) 3 (6%) 3(5.7%)
Dyspnea No 26 (25.2%) 14 (28%) 12 (22.6%) 0.69
Yes 77 (74.8%) 36 (72%) 41 (77.4%)
Anosmia No 95 (92.2%) 45 (90%) 50 (94.3%) 0.65
Yes 8 (7.8%) 5(10%) 3(5.7%)
Ageusia No 96 (93.2%) 47 (94%) 49 (92.5%) 1
Yes 7 (6.8%) 3 (6%) 4(7.5%)
Diarrhea No 95 (92.2%) 46 (92%) 49 (92.5%) 1
Yes 8(7.8%) 4 (8%) 4 (7.5%)
Nausea No 99 (96.1%) 49 (98%) 50 (94.3%) 0.65
Yes 4(3.9%) 1(2%) 3(5.7%)
Headache No 92 (89.3%) 45 (90%) 47 (88.7%) 1
Yes 11 (10.7%) 5 (10%) 6(11.3%)
Myalgia No 82 (79.6%) 39 (78%) 43 (81.1%) 0.88
Yes 21 (20.4%) 11 (22%) 10 (18.9%)
Oxygen supplementation” No 20 (19.4%) 16 (32%) 4 (7.5%) 0.004
Yes 83 (80.6%) 34 (68%) 49 (92.5%)
WHO Clinical Progression Scale WHO Scale 8(IQR=0) 8(IQR=0) 8(IQR=0) 0.51
Outcome Discharge 69 (67%) 37 (74%) 32 (60.4%) 0.21
Death 34 (33%) 13 (26%) 21 (39.6%)
Symptoms Days until hospitalization 8.6 (SD=3.9) 7.5(SD=5) 9.7 (SD=9) 0.05

“Values are presented as number (%), median (IQR) or mean (SD: standard deviation). P values were calculated by parametric (t-test), nonparametric Mann-Whitney
(Wilcoxon rank-sum) test, or Fisher’s exact test for nominal and continuous numeric variables, respectively.

®Ventilatory support.

“Statistical significance is indicated with the following notations: P < 0.05.
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FIG 1 Relationship between length of hospitalization (median in days) and, magnitude of humoral response and clinical outcome. (A) The parts of the whole

graph indicate the four ranges of neutralizing antibody titers by response magnitude and the range with titers below 20 (negative), indicating the frequency of

participants in each range (percentage). The legend indicates the time of hospital stay of patients with Nab and those without Nab. (B) The bar graph shows the

geometric mean anti-SARS-CoV-2 titers (GMT) for the group of patients who died and those who were discharged from the hospital and the median length of

hospital stay for each group. The bars indicate the 95% confidence interval of GMT. Mann-Whitney test was performed to compare median days between the

groups (IQR: interquartile range).

RESULTS
Characteristics of the study population

Plasma samples from 103 hospitalized participants were analyzed for Nab response to
SARS-CoV-2. Ten (10.3%) patients were classified with moderate COVID-19 and 93 (90.3%)
as severe. Sociodemographic and clinical data were collected for the present study on
the first day of hospital admission. Participants were categorized according to median
[15 days, interquartile range (IQR) = 21] length of hospitalization, into short hospitaliza-
tion (less than 14 days) and long hospitalization (over 14 days) groups, to correlate
sociodemographic characteristics (Table 1), clinical data (Table 2), and Nab response. Age
and gender were not significantly distinct between the short and long hospitalization
groups, but 71 (68.9%) participants self-declared that they had brown skin, and one
significant difference in this frequency was observed (P = 0.032). Most patients were
male [57 (55.3%)], and the median age was 57 (IQR = 23.51) years (Table 1).

The most common symptoms observed were fever, cough, chest pain, coryza,
dyspnea, anosmia, ageusia, diarrhea, abdominal pain, nausea, headache, myalgia, and
oxygen saturation below 95%. The presence of these symptoms varied among the
participants, with dyspnea symptoms being the most frequent among the participants
(74%), followed by oxygen saturation below 95% (37.5%) and myalgia (21%). We
observed that most individuals required oxygen (80.6%) and remained hospitalized
for longer periods, P < 0.01 (Table 2). Major comorbidities included hypertension [49
(47.1%)], diabetes mellitus [33 (31.7%)], and myalgia [22 (21.2%)]. Other comorbidities
were present in less than 20% of the participants.

Among the individuals included in this study, 15 (14.4%) tested positive for HIV-1
infection. Most people living with HIV (PLWH) were diagnosed with HIV-1 infection
during hospitalization for COVID-19 treatment and were not on antiretroviral treatment,
at least at baseline blood sample. Of them, 9 (60%) were male, 14 (93.3%) self-declared
having brown skin, and none had obesity, anosmia, loss of taste, nausea, previous
stroke, heart failure, or coronary or rheumatic disease. Only 3 (20%) PLWH had systemic
arterial hypertension, which was different from the group without HIV infection, where

November/December 2023 Volume 11  Issue 6

10.1128/spectrum.00959-23 6

Downloaded from https://journals.asm.org/journal/spectrum on 07 February 2024 by 2804:7f1:e242:fe31:8d90: 1c34:492€:8e89.


https://doi.org/10.1128/spectrum.00959-23

Research Article

the majority, 46 (54.1%), had this comorbidity (P = 0.02). The median age of patients
hospitalized with COVID-19 was 57 years. However, among PLWH/people with COVID-19,
the median age was 38 years (IQR = 18.22), and among those with only COVID-19, the
median age was 60 years (IQR =22; P < 0.01) (Table S1).

Early humoral immune responses among hospitalized patients with moder-
ate and severe COVID-19

Humoral anti-SARS-CoV-2 immune responses were assessed at study entry for COVID-19
patients with moderate and severe disease. When we compared these two groups in
relation to the magnitude of the response, we did not observe statistical differences
(Fig. S1). We noted variable levels of Nab anti-SARS-CoV-2 IDgq in their plasma samples
collected on the first day of hospitalization, corresponding to approximately 9 days after
the onset of the first symptoms (mean of 8.6 days, standard deviation = +3.9). Two
patients (1.9%) had very high titers of Nabs (IDsq) of 1:11,532 and 1:14,962, respectively,
17 (16.5%) had high neutralization titers, between 1:500 and 1:10,000 Nab ID5, whereas
39 (37.9%) patients developed Nab titers between 1:499 and 1:200, and 33 (32%)
between 1:199 and 1:20. Twelve patients (11.6%) had Nab titers under the detectable
limit of the assay (<1:20). Therefore, approximately 88% of COVID-19 patients exhibited
robust neutralization of SARS-CoV-2 pseudovirus neutralization assay at hospitalization.
Patients who had detectable production of Nabs were hospitalized for a shorter median
time (14 days, IQR = 19) than those who did not have detected Nab (27 days, IQR = 27), P
=0.0363 (Fig. 1).

Association between anti-SARS-CoV-2 neutralizing antibodies and the clinical
condition of COVID-19 patients

Considering the COVID-19 discharge (n = 69) or death (n = 34) outcomes in our study
group, we observed that the geometric mean titer (GMT) of anti-SARS-CoV-2 Nab among
patients with a death outcome was 140 (95% Cl: 74-263), whereas a Nab GMT of 254
(95% Cl: 170-380) was observed for those with a discharge outcome. Hospitalization
time was longer for patients who died (20, IQR = 32) than for those who were discharged
(13,1QR = 17), P = 0.0114 (Fig. 1). Of the 69 COVID-19 patients who were discharged, 7
(10%) had no Nab response on D1 and were hospitalized for a median of 21 (IQR = 22)
days. Of the 34 patients who died, 5 (14%) had no Nab on D1 and were hospitalized for a
median of 38 (IQR = 50) days.

We further explored the clinical manifestations associated with the Nab (ID5q and
IDgg) levels of the 103 hospitalized patients with COVID-19, and we did not identify
any association between the production of Nab titers and the main comorbidities such
as arterial hypertension, diabetes, or obesity. However, Sidak’s multiple comparisons
analysis showed that anosmia and ageusia (P < 0.01) were associated with higher Nab
titers. All patients with anosmia or ageusia had detectable Nab titers (Fig. 2). The Nab
GMT of patients who did not have anosmia [32.2 (95% Cl: 25-42)] or ageusia [31.7 (95%
Cl: 24-41)] was lower than that of patients who had anosmia [123 (95% Cl: 28-536)] or
ageusia [187 (95% Cl: 40-869)].

To analyze other relevant clinical factors associated with Nabs, we investigated the
hospitalization time in relation to initial Nab production on the first hospital day. We
stratified the samples into two groups: 50 (48.6%) patients who stayed for up to 14 days
and 53 (51.4%) patients who stayed for more than 14 days.

Of the 50 patients who stayed less than 14 days, 10 (20%) died, and the 53 who
stayed longer than 14 days, 21 (40%) died. We found significantly lower psV SARS-CoV-2
Nab IDsq reciprocal plasma dilutions among patients hospitalized for more than 14 days
(logfFC = 0.34; P = 0.024) than among those with shorter hospitalization stays (Fig. 3).
The anti-SARS-CoV-2 Nab titer of patients with less than 14 days to hospital discharge
[GMT =422 (95% Cl: 341-2,014)] was significantly higher than that of patients with more
than 14 days to hospital discharge [GMT = 149 (95% Cl: 32-1,687)] (P < 0.05). To better
understand the role of humoral immunity against SARS-CoV-2 infection, we analyzed the
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FIG 2 Clinical symptoms of anomia and ageusia of SARS-CoV-2 infection are influenced by neutralizing
antibody titers. The COVID-19 patients (n = 103) were divided into groups according to the presence
or absence of these symptoms and analyzed for their Nab titers with 90% inhibition (IDgg). The bar line
represents the geometric mean with a 95% confidence interval. For each parameter, a nonparametric
ANOVA (Sidak’s multiple comparisons test) was performed, and statistical significance is indicated with
the following notation: **P < 0.001.

dynamics of changes in the Nab response initially at 14 days post-hospitalization (D14)
compared to those obtained at hospital admission (D1). As shown in Fig. 4A, plasma
samples from D14 were available for 39 (73.5%) of the 53 patients who had longer
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FIG 3 PsV SARS-CoV-2 neutralizing antibody IDsq reciprocal plasma dilutions and hospitalization stay (in
days). The sample distributions of data are represented in box plots and strip plots in gray. In black, the
center circle represents the expected mean marginal effect for each group estimated from linear multiple
fixed-effects models. The fixed effects were adjusted by age, gender, self-declared skin color, number
of comorbidities, and days since the first symptoms of COVID-19 at hospital admission. Black horizontal
bars represent the 95% confidence intervals of the expected mean marginal effects by group. Statistical
significance is indicated with the following notation: *P < 0.05.
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FIG 4 Longitudinal humoral immune response of inpatients with COVID-19. (A) Nabs (IDsq) of COVID-19 patients at admission D1 compared to the Nab (ID5q)

assessment 14 days after hospital admission. (B) Nabs (IDsg) of COVID-19 patients at admission D1 compared to Nab (IDsg) assessment 300 days after hospital

admission. (C) Changes in Nab titers (IDsp) for each patient are shown over time. Data from patients for the first sample D1, after 14 days, and the last collected

sample D300 are shown (nonparametric ANOVA and a paired t-test were performed).

hospital stays (>14 days). There was a significant increase (P = 0.0190) in Nab titers (IDsq)
between D1 [GMT =95 (95% Cl: 57-158)] and D14 [GMT = 251 (95% Cl: 178-354)].

Patients who were discharged from the hospital were invited to return to the INI/
FIOCRUZ after 7 months for a new blood collection and clinical follow-up. We performed
the Nab assay at this point, hereby called D300, days median was 297 (IQR = 57) and, the
minimal and maximum points obtained to D300 were 215 and 339 days after hospital
admission. In this analysis, we compared the Nab titers (ID5g) of D1 and D300 for the
60 patients who returned for the study, and we observed an increased progression and
persistence in the production of Nabs among these SARS-CoV-2-infected and unvaccina-
ted individuals. The GMT for D1 was 136 (95% Cl: 94-197), and the GMT for D300 was 219
(95% Cl: 149-321) (P =0.0232) (Fig. 4B).

It was possible to compare D1, D14, and D300 for only 13 patients, and we observed
the following values of Nab D1 (IDsg) GMT = 108 (95% Cl: 44-266); Nab D14 (ID5g) GMT =
219 (95% Cl: 120-400); and Nab D300 (ID5p) GMT =317 (95% Cl: 161-624) (P = 0.0123 for
D1 versus D300 and P = 0.0165 for D14 versus D300) (Fig. 4Q).

Additionally, we evaluated the geometric mean titers of the anti-SARS-CoV-2 Nab
IDsg of the 15 COVID-19 patients living with HIV-1 (PLWH/COVID-19) included in our
study group and compared it with HIV-negative COVID-19 patients. The PLWH/COVID-19
participants [GMT = 148 (95% Cl: 54-407)] showed no differences in anti-SARS-CoV-2 Nab
production when compared to individuals without HIV-1 infection [GMT = 222 (95% Cl:
153-321)], P = 0.950. As expected, the VSV-G pseudotyped virus control did not exhibit
neutralization for any of the samples at a 1:20 dilution (<20 Nab) (Fig. 5). As a control,
we also performed an HIV-1 pseudovirus neutralization assay to determine the anti-HIV
Nab titers of the PLWH/COVID-19 participants on antiretroviral therapy. A high anti-HIV-1
antibody GMT of 583.9 (95% Cl: 344-990) was detected, demonstrating maintenance of
anti-HIV-1 antibody production in individuals with HIV-1 hospitalized for COVID-19.

DISCUSSION

Age is one of the most important prognostic factors associated with lethality in SARS-
CoV-2 infection (6). However, in our study, which included hospitalized patients with
moderate to severe COVID-19, age was not shown to be a determining factor for the
production or magnitude of anti-SARS-CoV-2 Nabs in adults. In the population evaluated,
we observed that 55% of those hospitalized patients were men, the mean age was 57
years, and the mortality rate was 33%. The same was observed in the SIVEP-Gripe study,
where 678,235 patients were admitted to Brazilian hospitals and showed a mean age of
59 years and 35% mortality (11). Perazzo et al. (12) in a prospective multicenter study
(RECOVER-SUS) that assessed hospital mortality, analyzed a cohort that included 1,589
participants and found that 54.5% of those admitted were men aged 62 and that 27.0%
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FIG 5 Neutralizing antibody responses from SARS-CoV-2-infected and HIV-coinfected patients. Nabs
during the first day of hospitalization of 85 COVID-19 patients not infected with HIV and 15 PLWH
coinfected with SARS-CoV-2 (COVID-19/PLWH) are shown. Fifteen patients (COVID-19/PLWH) showed
Nab titers against SARS-CoV-2 and HIV-1 pseudovirus. The psV VSV-G was tested together as a negative
control, and the 50% inhibition in virus infectivity was undetected. Negative values (titers below 20) were
considered 10 for calculating the GMT. The horizontal bars indicate the GMT, and the bars indicate 95%
confidence intervals. Nonparametric ANOVA and a paired t-test were performed.

died during hospitalization (12). The sociodemographic characteristics of the population
of our study reflect the data presented by Zeiser et al. and Perazzo et al., indicating a
consensus on the profile of hospitalized patients with COVID-19 in Brazil. Most men are
aged between 50 and 60 years and have approximately 30% mortality.

The most frequent comorbidities observed in our study were hypertension, diabetes,
and obesity. Hypertension is more frequent among elderly individuals and subjects
affected by other comorbidities (13). In a multivariate analysis after adjustment for age
and other cardiovascular risk factors, hypertension did not play an independent role
in COVID-19 development (14). Our study observed similar anti-SARS-CoV-2 Nab titers
between groups with and without these main COVID-19 comorbidities. However, the
survey by Karuna et al. noted that hypertension was independently associated with low
Nab titers (15). According to some researchers, more than half of COVID-19 patients
experienced hyperglycemia, and approximately 33% developed diabetic ketoacidosis
(16). Marchand et al. were the first to observe an increased risk of type 1 diabetes
development among patients with COVID-19 (17). In our study, the proportion of
diabetes patients was 31%, but the presence of diabetes was not related to the ability to
produce Nabs, similar to the results observed by Dispinseri et al. (18).

We observed a correlation between anosmia and ageusia with high Nab titers. The
American Academy of Otolaryngology—Head and Neck Surgery released the COVID-19
Anosmia Reporting Tool for clinicians, which revealed that anosmia was noted in 73% of
COVID-19 cases and was the presenting symptom in 26.6% of cases (19). The incidence
of anosmia among COVID-19 patients, however, varies in different studies. According
to a meta-analysis by Tong et al., (20) the prevalence of olfactory dysfunction among
COVID-19 patients was estimated to be 52% genetic factors, different SARS-CoV-2 strains,
viral load (cases of viral damage), specificities of the different evaluated populations, or
antibody complexes (21). However, this last concept must be explored since we found
higher Nab titers among patients with anosmia. For example, anosmia is one of the first
clinical signs of some neurodegenerative diseases, such as Parkinson’s and Alzheimer’s
diseases. IgG deposits are found in dopaminergic neurons in these patients, suggesting
that neurons may be targets for these immunoglobulins (22). In addition, changes in the
blood—brain barrier due to inflammation may facilitate the entry of IgG (23). Ko et al. (24),
evaluated 15 asymptomatic patients who presented only anosmia, and the production
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of Nabs was observed in 80.0% of patients (25). However, the underlying biological basis
of anosmia remains obscure, and our study has some limitations. First, our cohort was
limited to hospitalized patients, and the results could be different among people with
SARS-CoV-2 infection with mild symptoms.

Most hospitalized patients had positive Nab titers (88%) with, on average, 9 days of
symptoms. Other studies also observed the presence of antibodies in acute infection,
with a negativity range in 10%-25% of patients (26, 27). Notably, 7 out of 12 (58%)
recovered patients had Nab titers that were under the detectable level, suggesting
that other immune responses may have contributed to the recovery of these patients.
Previous studies have suggested that cellular immunity can mitigate severe infection,
and T cells display strong cross-reactivity to SARS-CoV-2 (28). Whether these patients
with COVID-19 without Nabs have a high risk of rebound or reinfection or a poor
response to vaccination should be explored in further studies. Our data revealed
that individuals who recovered from COVID-19 experienced relatively robust antibody
responses to SARS-CoV-2 pseudovirus neutralization assay in the acute infection phase.
However, patients who arrived at the COVID-19 hospital center with a moderate to
critical condition and had low titers remained hospitalized for more than 14 days,
and 92.5% needed ventilatory support. Therefore, contrary to what we expected, these
patients who initially showed a low neutralizing response did not show milder clinical
characteristics, such as the asymptomatic individuals with lower antibodies, as seen in
other studies (29, 30).

Analysis of the humoral response across multiple cohorts of COVID-19 patients
showed that a natural SARS-CoV-2 infection can elicit Nabs in most cases, but accumu-
lating evidence indicates that the magnitude of the response varies greatly among
individuals (31, 32). Kaneko et al. demonstrated that SARS-COV-2 infection has mech-
anisms capable of influencing cell differentiation and dysregulation of the specific
humoral immune response, which may limit the memory response (33). It was also
demonstrated that plasmablast expansion without somatic hypermutation during the
acute phase of COVID-19 plays an important role in the early production of Nabs, which
may reflect pre-existing B repertoire memory (34).

We observed that after 14 days of hospitalization, Nab GMTs increased in relation to
D1, as observed in other cohorts, where the kinetics of Nab induction were reported
to be similar for immunoglobulin seroconversion (32). Patients who died of COVID-19
were also able to increase antibody production at D14; however, this delay in the
initial immune response may have facilitated the expansion of the viral load, leading to
prolonged hospital stays and/or death. Some clinical studies that have adopted the use
of convalescent plasma or monoclonal antibodies have observed patient improvement
if administered at the beginning of infection (35), and when the serum is administered
late (28 days), there was no improvement in the patient (36). The testing of Nabs in
the acute phase of COVID-19 can be a great ally for decision-making in clinical trials of
convalescent plasma administration as therapy.

The most extensive study on HIV/COVID-19 coinfection is from a Western Cape, South
Africa cohort. PLWH who contracted SARS-CoV-2 died at 2.39 times the rate of patients
without HIV with COVID-19. However, HIV was a minor risk factor for severe COVID-19
compared with comorbidities such as cardiopulmonary diseases (37). In our analysis
of the production ability of anti-HIV and anti-SARS-CoV-2 antibodies among coinfec-
ted patients, we did not observe differences in relation to the mono-infected group
(SARS-CoV-2), indicating that HIV-1 is not an aggravating factor for COVID-19 in terms
of humoral responsiveness, but we also observed that a low titer of antibodies resulted
in a longer hospitalization. Mishra et al. observed that some HIV-1 Nabs recognize viral
glycan shields of SARS-CoV-2, showing cross-reactivity with SARS-CoV-2 (38). How much
the polyclonal cross-neutralizing antibody response can contribute to the improvement
of the patient has not yet been elucidated; however, in this study, we verified that a
potent neutralizing humoral response at the beginning of the infection is associated with
a faster recovery. It is crucial to emphasize that the presence of antiretroviral drugs in
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the sera might have an impact on our lentiviral-based assays, both for SARS-CoV-2 and
HIV pseudovirus neutralization. However, the fact that neutralization was not observed
in the VSV-G assays indicates that there may not be substantial interference from the
antiretroviral therapy administered to the patients.

All protection mechanisms of COVID-19 are not yet clear; however, Nabs are
considered a significant correlate of protective immunity and vaccine success, and it
has been shown that the rate of SARS-CoV-2 infections among vaccinated individuals
is lower among individuals with high Nab levels (39). Extensive efforts to understand
the relationship between SARS-CoV-2 and the immune system have highlighted Nab
detection assays as essential for screening for potent antibodies for future immuno-
therapeutic designs. Here, we showed an important relationship between the rapid
production of Nabs and shorter hospital stays among patients with moderate and severe
COvID-19.

ACKNOWLEDGMENTS

The authors are thankful to all patients who agreed to participate in this study, the
frontline health care workers at INI/FIOCRUZ Hospital, and the RECOVER study team
in Rio de Janeiro. The following reagent was obtained through the NIH HIV Reagent
Program, Division of AIDS, NIAID, NIH: TZM-bl Cells, ARP-8129, contributed by Dr. John C.
Kappes, Dr. Xiaoyun Wu, and Tranzyme Inc.

The study was supported by the Fundagao Carlos Chagas Filho de Amparo a Pesquisa
do Estado do Rio de Janeiro (FAPERJ) (grant number: SEI-260003/013002/2021) and
INOVA FIOCRUZ/Fundacdo Oswaldo Cruz (grant number: SEI-25380.001587/2020-20).

Conceptualization: D.V.A. and M.G.M,; Data curation: M.G.M., M.S.B.Q., M.PD.R,, SW.C.,
B.G., and V.G.V,; Formal analysis: D.V.A., M.S.B.Q., and M.R.A,; Funding acquisition: D.V.A,,
B.G, V.G.V,, and M.G.M,; Investigation: D.V.A,, LM., CBW.G,, FH.C, M.L.G,, J.H.P, N.BRS.,,
M.R.A., LE.C, KM.G,, M.PD.R, SW.C, B.G,, V.G.V, and M.G.M.; Methodology: D.V.A,, PA.C,,
TFB.F, M.GAS. CBW.G., FH.C, N.B.RS., and A.S.C;; Project administration: D.V.A. and
M.G.M.; Resources: L.M., C.B.W.G., FH.C., and M.G.M.; Supervision: D.V.A,, N.B.R.S., C.BW.G.,
M.G.M, V.G.V,, and B.G,; Visualization: PA.C,, T.FB.F, M.G.AS,, JH.P, AS.C, LRG,. SW.C,
LEC, KM.G, V.GV, and M.G.M,; Writing—original draft: D.V.A.; Writing—review and
editing: M.G.M., CBW.G, N.BR.S., M.S.B.Q., A.S.C.,and M.R.A.

The authors declare that the research was conducted in the absence of any commer-
cial or financial relationships that could be construed as a potential conflict of interest.
The funders had no role in the design of the study; in the collection, analyses, or
interpretation of data; in the writing of the manuscript; or in the decision to publish the
results.

M.L.G. is a recipient of CNPq fellowship 307854/2021-3; M.G.M. is recipient of CNPQ
fellowship 312574/2022-3 and FAPERJ CNE SEI-260003/004297/2021; B.G. is a recipient of
a fellowship from CNE/FAPERJ: E-26/200.946/2022 (268813) and CNPq (305789/2019-8)

AUTHOR AFFILIATIONS

'Laboratério de Aids e Imunologia Molecular, Instituto Oswaldo Cruz, FUNDAGAO
OSWALDO CRUZ, Rio de Janeiro, Brazil

?Laboratério de Genémica Funcional e Bioinformatica, Instituto Oswaldo Cruz, FUNDA-
GAO OSWALDO CRUZ, Rio de Janeiro, Brazil

*Centro de Desenvolvimento Tecnoldgico em Saude (CDTS)/Instituto Nacional de Ciéncia
e Tecnologia de Inovacdo em Doencas Negligenciadas da Populagdo (INCT-IDPN),
FUNDACAO OSWALDO CRUZ, Rio de Janeiro, Brazil

“Instituto Nacional de Infectologia Evandro Chagas, FUNDACAO OSWALDO CRUZ, Rio de
Janeiro, Brazil

AUTHOR ORCIDs
Dalziza Victalina de Almeida © http://orcid.org/0000-0003-0917-0009

November/December 2023 Volume 11  Issue 6

Microbiology Spectrum

10.1128/spectrum.00959-23 12

Downloaded from https://journals.asm.org/journal/spectrum on 07 February 2024 by 2804:7f1:e242:fe31:8d90: 1c34:492€:8e89.


https://doi.org/10.1128/spectrum.00959-23

Research Article

Microbiology Spectrum

FUNDING

Funder Grant(s) Author(s)

Fundagao Oswaldo Cruz (FIOCRUZ)  SEI-25380.001587/2020-20 Dalziza Victalina de
Almeida

Fundacdo Carlos Chagas Filho de

SEI-260003/013002/2021

Amparo a Pesquisa do Estado do Rio
de Janeiro (FAPERJ)

Mariza Gongalves
Morgado

AUTHOR CONTRIBUTIONS

Dalziza Victalina de Almeida, Conceptualization, Data curation, Formal analysis, Funding
acquisition, Investigation, Methodology, Project administration, Resources, Supervision,
Validation, Visualization, Writing — original draft, Writing — review and editing | Pris-
cila Alves Cezar, Methodology, Visualization | Thais Freitas Barreto Fernandes, Method-
ology, Visualization | Marcos Gustavo Araujo Schwarz, Methodology, Visualization |
Leila Mendonca-Lima, Investigation, Resources, Visualization | Carmem Beatriz Wagner
Giacoia-Gripp, Investigation, Methodology, Resources, Supervision, Visualization, Writing
- review and editing | Fernanda Heloise Cortes, Investigation, Methodology, Resources,
Supervision | Monick Lindenmeyer Guimaraes, Investigation, Resources, Supervision,
Visualization | Jose Henrique Pilotto, Investigation, Visualization | Nathalia Beatriz Ramos
De S&, Funding acquisition, Investigation, Methodology, Supervision, Writing — review
and editing | Andressa da Silva Cazote, Methodology, Visualization, Writing - review and
editing | Larissa Rodrigues Gomes, Visualization | Marcel de Souza Borges Quintana, Data
curation, Formal analysis, Writing — review and editing | Marcelo Ribeiro-Alves, Formal
analysis, Investigation, Writing — review and editing | Lara Esteves Coelho, Investiga-
tion, Visualization | Kim Mattos Geraldo, Investigation, Visualization | Maria Pia Diniz
Ribeiro, Investigation, Visualization | Sandra Wagner Cardoso, Data curation, Investi-
gation, Visualization | Beatriz Grinsztejn, Data curation, Funding acquisition, Investiga-
tion, Supervision, Visualization | Valdiléa G Veloso, Data curation, Funding acquisition,
Investigation, Supervision, Visualization | Mariza Goncalves Morgado, Conceptualization,
Data curation, Funding acquisition, Investigation, Project administration, Resources,
Supervision, Visualization, Writing - review and editing

ETHICS APPROVAL

The study was conducted in accordance with the Declaration of Helsinki and approved
by the Ethics Committee of Instituto Nacional de Infectologia Evandro Chagas (INI)/
FIOCRUZ, Rio de Janeiro, Brazil, under the approval number CAAE 32449420.4.1001.5262.
All participants or their legal representatives signed an informed consent form prior to
enrollment in the study.

ADDITIONAL FILES

The following material is available online.

Supplemental Material

Supplemental file 1 (Spectrum00959-23-s0001.docx). Table S1.
Supplemental file 2 (Spectrum00959-23-s0002.tif). Fig. S1.

Supplemental file 3 (Spectrum00959-23-s0003.docx). Legend to Fig. S1.

REFERENCES

1.

Tufa A, Gebremariam TH, Manyazewal T, Getinet T, Webb DL, Hellstrom
M, Genet S. 2022. Inflammatory mediators profile in patients hospital-
ized with COVID-19: a comparative study. Front Immunol 13:964179.
https://doi.org/10.3389/fimmu.2022.964179

Yin S, Tong X, Huang A, Shen H, Li Y, Liu Y, Wu C, Huang R, Chen Y. 2020.
Longitudinal anti-SARS-Cov-2 antibody profile and neutralization

November/December 2023 Volume 11  Issue 6

activity of a COVID-19 patient. J Infect 81:e31-e32. https://doi.org/10.
1016/}.jinf.2020.06.076

Garcia-Beltran WF, Lam EC, Astudillo MG, Yang D, Miller TE, Feldman J,
Hauser BM, Caradonna TM, Clayton KL, Nitido AD, Murali MR, Alter G,
Charles RC, Dighe A, Branda JA, Lennerz JK, Lingwood D, Schmidt AG,
lafrate AJ, Balazs AB. 2021. COVID-19-neutralizing antibodies predict

10.1128/spectrum.00959-23 13

Downloaded from https://journals.asm.org/journal/spectrum on 07 February 2024 by 2804:7f1:e242:fe31:8d90: 1c34:492€:8e89.


https://doi.org/10.1128/spectrum.00959-23
https://doi.org/10.3389/fimmu.2022.964179
https://doi.org/10.1016/j.jinf.2020.06.076
https://doi.org/10.1128/spectrum.00959-23

November/December 2023 Volume 11

Research Article

disease severity and survival. Cell 184:476-488. https://doi.org/10.1016/
j.cell.2020.12.015

Robbiani DF, Gaebler C, Muecksch F, Lorenzi JCC, Wang Z, Cho A,
Agudelo M, Barnes CO, Gazumyan A, Finkin S, Hagglof T, Oliveira TY,
Viant C, Hurley A, Hoffmann HH, Millard KG, Kost RG, Cipolla M, Gordon
K, Bianchini F, Chen ST, Ramos V, Patel R, Dizon J, Shimeliovich |,
Mendoza P, Hartweger H, Nogueira L, Pack M, Horowitz J, Schmidt F,
Weisblum Y, Michailidis E, Ashbrook AW, Waltari E, Pak JE, Huey-Tubman
KE, Koranda N, Hoffman PR, West AP, Rice CM, Hatziioannou T, Bjorkman
PJ, Bieniasz PD, Caskey M, Nussenzweig MC. 2020. Convergent antibody
responses to SARS-Cov-2 in convalescent individuals. Nature 584:437-
442. https://doi.org/10.1038/541586-020-2456-9

Luo H, Jia T, Chen J, Zeng S, Qiu Z, Wu S, Li X, Lei Y, Wang X, Wu W, Zhang
R, Zou X, Feng T, Ding R, Zhang Y, Chen YQ, Sun C, Wang T, Fang S, Shu
Y. 2021. The characterization of disease severity associated IgG
subclasses response in COVID-19 patients. Front Immunol 12:632814.
https://doi.org/10.3389/fimmu.2021.632814

Richardson S, Hirsch JS, Narasimhan M, Crawford JM, McGinn T,
Davidson KW, Barnaby DP, Becker LB, Chelico JD, Cohen SL, Cookingham
J, Coppa K, Diefenbach MA, Dominello AJ, Duer-Hefele J, Falzon L, Gitlin
J, Hajizadeh N, Harvin TG, Hirschwerk DA, Kim EJ, Kozel ZM, Marrast LM,
Mogavero JN, Osorio GA, Qiu M, Zanos TP, the Northwell COVID-19
Research Consortium. 2020. Presenting characteristics, comorbidities,
and outcomes among 5700 patients hospitalized with COVID-19 in the
New York City area. JAMA 323:2052-2059. https://doi.org/10.1001/jama.
2020.6775

Boulle A, DaviesMA, Hussey H, Ismail M, Morden E, Vundle Z, Zweigen-
thal V, MahomedH, Paleker M, Pienaar D, Tembo Y, LawrenceC, Isaacs W,
MathemaH, Allen D, Allie T, Bam JL, Buddiga K, Dane P, Heekes A,
Matlapeng B, Mutemaringa T, Muzarabani L, Phelanyane F, Pienaar R,
RodeC, Smith M, Tiffin N, Zinyakatira N, Cragg C, Marais F, Mudaly V,
VogetJ, Davids J, Roodt F, van Zyl SmitN, Vermeulen A, Adams K,
AudleyG, BatemanK, Beckwith P, BernonM, Blom D, Boloko L, Botha J,
Boutall A, BurmeisterC, CairncrossL, Calligaro G, CocciaC, Corin C,
Daroowala R, Dave JA, de BruynE, de VilliersM, DeetlefsM, Dlamini S, du
ToitT, EndresW, EuropaT, FiegganG, FigajiA, FrankenfeldP, GatleyE, Gina
P, Govender E, Grobler R, GuleMV, HanekomC, HeldM, Heynes A,
Hlatswayo S, HodkinsonB, Holtzhausen J, Hoosain S, Jacobs A, KahnM,
KahnT, Khamajeet A, Khan J, KhanR, Khwitshana A, KnightL, Kooverjee S,
Krogscheepers R, KrugerJJ, Kuhn S, LaubscherK, LazarusJ, le RouxJ, Lee
JonesS, Levin D, Maartens G, Majola T, ManganyiR, MaraisD, Marais S,
Maritz F, Maughan D, Mazondwa S, Mbanga L, MbataniN, Mbena B,
Meintjes G, Mendelson M, Méller E, MooreA, NdebeleB, NortjeM, Ntusi N,
Nyengane F, Ofoegbu C, Papavarnavas N, Peter J, Pickard H, Pluke K,
Raubenheimer PJ, Robertson G, Rozmiarek J, Sayed A, Scriba M,
SekhukhuneH, SinghP, SmithE, SoldatiV, Stek C, van den bergR, van der
Merwe LR, VenterP, VermootenB, Viljoen G, Viranna S, Vogel J, VundlaN,
Wasserman S, Zitha E, Lomas-MaraisV, Lombard A, Stuve K, ViljoenW,
Basson DV, le RouxS, Linden-MarsE, Victor L, Wates M, ZwanepoelE,
Ebrahim N, Lahri S, Mnguni A, Crede T, de ManV, EvansK, Hendrikse C,
Naude J, Parak M, Szymanski P, van KoningsbruggenC, Abrahams R,
Allwood B, Botha V, BothaMH, Broadhurst A, ClaasenD, Daniel C,
Dawood R, du PreezM, du ToitN, ErasmusK, KoegelenbergCFN, GabrielS,
Hugo S, Jardine T, Johannes C, Karamchand D, Lalla U, Langenegger E,
LouwE, Mashigo B, Mhlana N, MngwaziC, Moodley A, MoodleyD, Moolla
S, MowlanaA, Nortje A, Olivier E, Parker A, Paulsen C, ProzeskyH, Rood J,
Sabela T, Schrueder N, SitholeN, Sithole S, Taljaard JJ, Titus G, van der
MerweT, van SchalkwykM, Vazil, Viljoen AJ, Yazied ChothiaM, NaidooV,
Wallis LA, Abbass M, Arendse J, ArmienR, Bailey K, BelloM, Carelse R,
Forgus S, Kalawe N, Kariem S, Kotze M, LucasJ, McClaughlin J, MurieL,
ViljoenAJ, Yazied ChothiaM, NaidooV, WallisLA, AbbassM, Arendse J,
Armien R, BaileyR, Bello M, Carelse R, ForgusS, Kalawe N, Kariem S, Kotze
M, LucasJ, McClaughlin J, MurieK, Najjaar L, Petersen L, PorterJ, Shaw M,
StaparD, WilliamsM, AldumL, Berkowitz N, Girran R, Lee K, Naidoo L,
Neumuller C, AndersonK, Begg K, Boerlage L, CornellM, de WaalR,
DudleyL, English R, Euvrard]), GroenewaldP, JacobN, Jaspan H, KalkE,
Levitt N, MalabaT, Nyakato P, PattenG, Schneider H, Shung KingM,
Tsondai P, van DuurenJ, van SchaikN, NyakatoP, Patten G, Schneider H,
Shung KingM, TsondaiP, van DuurenJ, van SchaikM, Blumberg L, Cohen
C, Govender N, Jassat W, Kufa T, McCarthy K, MorrisL, Hsiao N, MaraisR,
Ambler J, Ngwenya O, Osei-YeboahR, Johnson L, Kassanjee R, Tamuhla T,
Western Cape Department of Health in collaboration with the National
Institute for Communicable Diseases, South Africa. 2021. Risk factors for

Issue 6

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Microbiology Spectrum

Oronavirus disease 2019 (COVID-19) death in a population cohort study
from the Western Cape province, South Africa. Clin Infect Dis 73:e2005-
€2015. https://doi.org/10.1093/cid/ciaa1198

van de Veerdonk FL, Giamarellos-Bourboulis E, Pickkers P, Derde L,
Leavis H, van Crevel R, Engel JJ, Wiersinga WJ, Vlaar APJ, Shankar-Hari M,
van der Poll T, Bonten M, Angus DC, van der Meer JWM, Netea MG. 2022.
A guide to immunotherapy for COVID-19. Nat Med 28:39-50. https://doi.
org/10.1038/s41591-021-01643-9

de Almeida DV, Macieira KV, Grinsztejn BGJ, Veloso Dos Santos VG,
Guimardes ML. 2016. Cross-neutralizing antibodies in HIV-1 individuals
infected by subtypes B, F1, C or the B/Bbr variant in relation to the
Genetics and biochemical characteristics of the Env gene. PLoS One
11:0167690. https://doi.org/10.1371/journal.pone.0167690

Crawford KHD, Eguia R, Dingens AS, Loes AN, Malone KD, Wolf CR, Chu
HY, Tortorici MA, Veesler D, Murphy M, Pettie D, King NP, Balazs AB,
Bloom JD. 2020 Protocol and reagents for pseudotyping lentiviral
particles with SARS-CoV-2 Spike protein for neutralization assays.
Microbiology. https://doi.org/10.1101/2020.04.20.051219

Zeiser FA, Donida B, da Costa CA, Ramos G de O, Scherer JN, Barcellos
NT, Alegretti AP, lkeda MLR, Miller APWC, Bohn HC, Santos |, Boni L,
Antunes RS, Righi R da R, Rigo SJ. 2022. First and second COVID-19
waves in Brazil: a cross-sectional study of patients’ characteristics related
to hospitalization and in-hospital mortality. Lancet Reg Health Am
6:100107. https://doi.org/10.1016/j.lana.2021.100107

Perazzo H, Cardoso SW, Ribeiro MPD, Moreira R, Coelho LE, Jalil EM,
Japiassu AM, Gouvéa EP, Nunes EP, Andrade HB, Gouvéa LB, Ferreira MT,
Rodrigues PM de A, Moreira R, Geraldo K, Freitas L, Pacheco VV, Joédo EC,
Fuller T, Rocha VD, Nunes C de LX, Souza TNL, Toscano ALCC, Schwarz-
bold AV, Noal HC, Pinto G de A, Lemos PM de O, Santos C, Mello FC de Q,
Veloso VG, Grinsztejn B, RECOVER-SUS Brasil Group. 2022. In-hospital
mortality and severe outcomes after hospital discharge due to
COVID-19: a prospective multicenter study from Brazil. Lancet Reg
Health Am 11:100244. https://doi.org/10.1016/j.lana.2022.100244
Farheen S, Agrawal S, Zubair S, Agrawal A, Jamal F, Altaf |, Kashif Anwar
A, Umair SM, Owais M. 2021. Patho-physiology of aging and immune-
senescence: possible correlates with comorbidity and mortality in
middle-aged and old COVID-19 patients. Front Aging 2:748591. https://
doi.org/10.3389/fragi.2021.748591

laccarino G, Grassi G, Borghi C, Ferri C, Salvetti M, Volpe M, SARS-RAS
Investigators. 2020. Age and multimorbidity predict death among
COVID-19 patients: results of the SARS-RAS study of the Italian society of
hypertension.  Hypertension 76:366-372.  https://doi.org/10.1161/
HYPERTENSIONAHA.120.15324

Karuna S, Li SS, Grant S, Walsh SR, Frank |, Casapia M, Trahey M, Hyrien O,
Fisher L, Miner MD, Randhawa AK, Polakowski L, Kublin JG, Corey L,
Montefiori D, for the HVTN 405/HPTN 1901 Study Team, Beeson JG.
2021. Neutralizing antibody responses over time in demographically
and clinically diverse individuals recovered from SARS-Cov-2 infection in
the United States and Peru: a cohort study. PLoS Med 18:e1003868.
https://doi.org/10.1371/journal.pmed.1003868

Thaweerat W. 2020. Current evidence on pancreatic involvement in
SARS-Cov-2 infection. Pancreatology 20:1013-1014. https://doi.org/10.
1016/j.pan.2020.05.015

Marchand L, Pecquet M, Luyton C. 2020. Type 1 diabetes onset triggered
by COVID-19. Acta Diabetol 57:1265-1266. https://doi.org/10.1007/
500592-020-01570-0

Dispinseri S, Lampasona V, Secchi M, Cara A, Bazzigaluppi E, Negri D,
Brigatti C, Pirillo MF, Marzinotto |, Borghi M, Rovere-Querini P, Tresoldi C,
Ciceri F, Scavini M, Scarlatti G, Piemonti L. 2021. Robust neutralizing
antibodies to SARS-Cov-2 develop and persist in subjects with diabetes
and COVID-19 pneumonia. J Clin Endocrinol Metab 106:1472-1481.
https://doi.org/10.1210/clinem/dgab055

Kaye R, Chang CWD, Kazahaya K, Brereton J, Denneny JC. 2020.
COVID-19 anosmia reporting tool: initial findings. Otolaryngol.--head
neck surg 163:132-134. https://doi.org/10.1177/0194599820922992
Tong JY, Wong A, Zhu D, Fastenberg JH, Tham T. 2020. The prevalence of
olfactory and Gustatory dysfunction in COVID-19 patients: A systematic
review and meta-analysis. Otolaryngol Head Neck Surg 163:3-11. https:/
/doi.org/10.1177/0194599820926473

Tong JY, Wong A, Zhu D, Fastenberg JH, Tham T. 2020. The prevalence of
olfactory and Gustatory dysfunction in COVID-19 patients: A systematic

10.1128/spectrum.00959-23 14

Downloaded from https://journals.asm.org/journal/spectrum on 07 February 2024 by 2804:7f1:e242:fe31:8d90: 1c34:492€:8e89.


https://doi.org/10.1016/j.cell.2020.12.015
https://doi.org/10.1038/s41586-020-2456-9
https://doi.org/10.3389/fimmu.2021.632814
https://doi.org/10.1001/jama.2020.6775
https://doi.org/10.1093/cid/ciaa1198
https://doi.org/10.1038/s41591-021-01643-9
https://doi.org/10.1371/journal.pone.0167690
https://doi.org/10.1101/2020.04.20.051219
https://doi.org/10.1016/j.lana.2021.100107
https://doi.org/10.1016/j.lana.2022.100244
https://doi.org/10.3389/fragi.2021.748591
https://doi.org/10.1161/HYPERTENSIONAHA.120.15324
https://doi.org/10.1371/journal.pmed.1003868
https://doi.org/10.1016/j.pan.2020.05.015
https://doi.org/10.1007/s00592-020-01570-0
https://doi.org/10.1210/clinem/dgab055
https://doi.org/10.1177/0194599820922992
https://doi.org/10.1177/0194599820926473
https://doi.org/10.1128/spectrum.00959-23

Research Article

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

November/December 2023 Volume 11

review and meta-analysis. Otolaryngol Head Neck Surg 163:3-11. https:/
/doi.org/10.1177/0194599820926473

Doty RL, Hawkes CH. 2019. Chemosensory dysfunction in neurodege-
nerative diseases. Handb Clin Neurol 164:325-360. https://doi.org/10.
1016/B978-0-444-63855-7.00020-4

Erickson MA, Banks WA. 2018. Neuroimmune axes of the blood-brain
barriers and blood-brain interfaces: bases for physiological regulation,
disease states, and pharmacological interventions. Pharmacol Rev
70:278-314. https://doi.org/10.1124/pr.117.014647

Ko JH, Joo EJ, Park SJ, Baek JY, Kim WD, Jee J, Kim CJ, Jeong C, Kim YJ,
Shon HJ, Kang ES, Choi YK, Peck KR. 2020. In Neutralizing antibody
production in asymptomatic and mild COVID-19 patients, in comparison
with Pneumonic COVID-19 patients

Ko JH, Joo EJ, Park SJ, Baek JY, Kim WD, Jee J, Kim CJ, Jeong C, Kim YJ,
Shon HJ, Kang ES, Choi YK, Peck KR. 2020. Neutralizing antibody
production in asymptomatic and mild COVID-19 patients, in comparison
with Pneumonic COVID-19 patients. JCM 9:1-3. https://doi.org/10.3390/
jcm9072268

Wang H, Yan D, Li Y, Gong Y, Mai Y, Li B, Zhu X, Wan X, Xie L, Jiang HK,
Zhang M, Sun M, Yao Y, Zhu Y. 2022. Clinical and antibody characteristics
reveal diverse signatures of severe and non-severe SARS-Cov-2 patients.
Infect Dis Poverty 11:15. https://doi.org/10.1186/5s40249-022-00940-w
Wu F, Wang A, Liu M, Wang Q, Chen J, Xia S, Ling Y, Zhang Y, Xun J, Lu L,
Jiang S, Lu H, Wen Y, Huang J. 2020. Neutralizing antibody responses to
SARS-Cov-2 in a COVID-19 recovered patient cohort and their
implications. SSRN Journal. https://doi.org/10.2139/s5rn.3566211

Le Bert N, Tan AT, Kunasegaran K, Tham CYL, Hafezi M, Chia A, Chng
MHY, Lin M, Tan N, Linster M, Chia WN, Chen MI-C, Wang L-F, Ooi EE,
Kalimuddin S, Tambyah PA, Low JG-H, Tan Y-J, Bertoletti A. 2020. SARS-
Cov-2-specific T cell immunity in cases of COVID-19 and SARS, and
uninfected controls. Nature 584:457-462. https://doi.org/10.1038/
s41586-020-2550-z

Brochot E, Demey B, Touzé A, Belouzard S, Dubuisson J, Schmit J-L,
Duverlie G, Francois C, Castelain S, Helle F. 2020. Anti-spike, anti-
nucleocapsid and neutralizing antibodies in SARS-Cov-2 inpatients and
asymptomatic individuals. Front Microbiol 11:584251. https://doi.org/10.
3389/fmicb.2020.584251

Long QX, Tang XJ, Shi QL, Li Q, Deng HJ, Yuan J, Hu JL, Xu W, Zhang Y, Lv
FJ, Su K, Zhang F, Gong J, Wu B, Liu XM, Li JJ, Qiu JF, Chen J, Huang AL.
2020. Clinical and immunological assessment of asymptomatic SARS-
Cov-2 infections. Nat Med 26:1200-1204. https://doi.org/10.1038/
541591-020-0965-6

Dispinseri S, Secchi M, Pirillo MF, Tolazzi M, Borghi M, Brigatti C, De
Angelis ML, Baratella M, Bazzigaluppi E, Venturi G, Sironi F, Canitano A,
Marzinotto |, Tresoldi C, Ciceri F, Piemonti L, Negri D, Cara A, Lampasona
V, Scarlatti G. 2021. Neutralizing antibody responses to SARS-Cov-2 in
symptomatic COVID-19 is persistent and critical for survival. Nat
Commun 12:2670. https://doi.org/10.1038/s41467-021-22958-8

Cheng ML, Liu HY, Zhao H, Wang GQ, Zhou C, Zheng J, Li XF, Li F, Bai CQ,
Qin CF. 2021. Longitudinal dynamics of antibody responses in recovered
COVID-19 patients. Signal Transduct Target Ther 6:137. https://doi.org/
10.1038/541392-021-00559-7

Kaneko N, KuoHH, Boucau J, Farmer JR, Allard-ChamardH, MahajanVs,
Piechocka-TrochaA, LefteriK, Osborn M, Bals J, BartschYC, BonheurN,
Caradonna TM, Chevalier J, Chowdhury F, Diefenbach TJ, EinkaufK,
Fallon J, Feldman J, Finn KK, Garcia-BroncanoP, Hartana CA, Hauser BM,
Jiang C, Kaplonek P, Karpell M, Koscher EC, Lian X, Liu H, Liu J, Ly NL,
MichellAR, Rassadkina Y, Seiger K, Sessal, ShinS, SinghN, SunW, Sun X,
TicheliHJ, Waring MT, ZhuAL, AlterG, Li JZ, Lingwood D, Schmidt AG,
LichterfeldM, WalkerBD, Yu XG, PaderaRF, Pillai S. 2020. Loss of Bcl-6-
expressing T follicular helper cells and germinal centers in COVID-19 cell
183:143-157.

Issue 6

34,

35.

36.

37.

38.

39.

Microbiology Spectrum

Unterman A, Sumida TS, Nouri N, Yan X, Zhao AY, Gasque V, Schupp JC,
Asashima H, Liu Y, Cosme C, Deng W, Chen M, Raredon MSB, Hoehn KB,
Wang G, Wang Z, Deluliis G, Ravindra NG, Li N, Castaldi C, Wong P,
Fournier J, Bermejo S, Sharma L, Casanovas-Massana A, Vogels CBF,
Wyllie AL, Grubaugh ND, Melillo A, Meng H, Stein Y, Minasyan M,
Mohanty S, Ruff WE, Cohen |, Raddassi K, Niklason LE, Ko Al, Montgom-
ery RR, Farhadian SF, Iwasaki A, Shaw AC, van Dijk D, Zhao H, Kleinstein
SH, Hafler DA, Kaminski N, Dela Cruz CS, Yale IMPACT Research Team.
2022. Single-cell multi-omics reveals dyssynchrony of the innate and
adaptive immune system in progressive COVID-19. Nat Commun 13:440.
https://doi.org/10.1038/s41467-021-27716-4

Tiberghien P, de Lamballerie X, Morel P, Gallian P, Lacombe K,
Yazdanpanah Y. 2020. Collecting and evaluating Convalescent plasma
for COVID-19 treatment: Why and how. Vox Sang 115:488-494. https://
doi.org/10.1111/vox.12926

O’Donnell MR, Grinsztejn B, Cummings MJ, Justman JE, Lamb MR,
Eckhardt CM, Philip NM, Cheung YK, Gupta V, Joao E, Pilotto JH, Diniz
MP, Cardoso SW, Abrams D, Rajagopalan KN, Borden SE, Wolf A, Sidi LC,
Vizzoni A, Veloso VG, Bitan ZC, Scotto DE, Meyer BJ, Jacobson SD, Kantor
A, Mishra N, Chauhan LV, Stone EF, Dei Zotti F, La Carpia F, Hudson KE,
Ferrara SA, Schwartz J, Stotler BA, Lin WHW, Wontakal SN, Shaz B, Briese
T, Hod EA, Spitalnik SL, Eisenberger A, Lipkin WI. 2021. A randomized
double-blind controlled trial of convalescent plasma in adults with
severe COVID-19. J Clin Invest 131:e150646. https://doi.org/10.1172/
JCI150646

Boulle A, Davies MA, Hussey H, Ismail M, Morden E, Vundle Z, Zweigen-
thal V, Mahomed H, Paleker M, Pienaar D, Tembo Y, Lawrence C, Isaacs
W, Mathema H, Allen D, Allie T, Bam JL, Buddiga K, Dane P, Heekes A,
Matlapeng B, Mutemaringa T, Muzarabani L, Phelanyane F, Pienaar R,
Rode C, Smith M, Tiffin N, Zinyakatira N, Cragg C, Marais F, Mudaly V,
Voget J, Davids J, Roodt F, Zyl Smit N, Vermeulen A, Adams K, Audley G,
Bateman K, Beckwith P, Bernon M, Blom D, Boloko L, Botha J, Boutall A,
Burmeister S, Cairncross L, Calligaro G, Coccia C, Corin C, Daroowala R,
Dave JA, Bruyn E, Villiers M, Deetlefs M, Dlamini S, du TT, Endres W,
Europa T, Fieggan G, Figaji A, Frankenfeld P, Gatley E, Gina P, Govender
E, Grobler R, Gule MV, Hanekom C, Held M, Heynes A, Hlatswayo S,
Hodkinson B, Holtzhausen J, Hoosain S, Jacobs A, Kahn M, Kahn T,
Khamajeet A, Khan J, Khan R, Khwitshana A, Knight L, Kooverjee S,
Krogscheepers R, Kruger JJ, Kuhn S, Laubscher K, Lazarus J, Roux J, Jones
SL, Levin D, Maartens G, Majola T, Manganyi R, Marais D, Marais S, Maritz
F, Maughan D, Mazondwa S, Mbanga L, Mbatani N, Mbena B, Meintjes G,
Mendelson M, Moller E, Moore A, Ndebele B, Nortje M, Ntusi N,
Nyengane F, Ofoegbu C, Papavarnavas N, Peter J, Pickard H, Pluke K,
Raubenheimer PJ, Robertson G, Rozmiarek J, Sayed A, Scriba M,
Sekhukhune H, Singh P, Smith E, Soldati V, Stek C, Berg R, Merwe LR,
Venter P, Vermooten B, Viljoen G, Viranna S, Vogel J, Vundla N,
Wasserman S, Zitha E, Lomas-Marais V, Lombard A, Stuve K, Viljoen W,
Basson DV, Roux S, Linden-Mars E, Victor L, Wates M, Zwanepoel E,
Ebrahim N, Lahri S, Mnguni A, Crede T, Man M, Evans K, Hendrikse C,
Naude J, Parak M, Szymanski P, Koningsbruggen C, Abrahams R, Allwood
B, Botha C, Botha MH, Broadhurst A, Claasen D, Daniel C, Dawood R,
Preez M, Toit N, Erasmus K, Koegelenberg CFN, Gabriel S, Hugo S, Jardine
T, Johannes C, Karamchand S, Lalla U, Langenegger E, Louw E, Mashigo
B. 2021. Risk factors for coronavirus disease 2019 (COVID-19) death in a
population cohort study from the western cape province, South Africa.
Clin Infect Dis 73:e2005-e2015. https://doi.org/10.1093/cid/ciaa1198
Mishra N, Kumar S, Singh S, Bansal T, Jain N, Saluja S, Kumar R,
Bhattacharyya S, Palanichamy JK, Mir RA, Sinha S, Luthra K. 2021. Cross-
neutralization of SARS-Cov-2 by HIV-1 specific broadly neutralizing
antibodies and polyclonal plasma. PLoS Pathog 17:21009958. https://
doi.org/10.1371/journal.ppat.1009958

Plotkin SA. 2008. Vaccines: correlates of vaccine-induced immunity. Clin
Infect Dis 47:401-409. https://doi.org/10.1086/589862

10.1128/spectrum.00959-23 15

Downloaded from https://journals.asm.org/journal/spectrum on 07 February 2024 by 2804:7f1:e242:fe31:8d90: 1c34:492€:8e89.


https://doi.org/10.1177/0194599820926473
https://doi.org/10.1016/B978-0-444-63855-7.00020-4
https://doi.org/10.1124/pr.117.014647
https://doi.org/10.3390/jcm9072268
https://doi.org/10.1186/s40249-022-00940-w
https://doi.org/10.2139/ssrn.3566211
https://doi.org/10.1038/s41586-020-2550-z
https://doi.org/10.3389/fmicb.2020.584251
https://doi.org/10.1038/s41591-020-0965-6
https://doi.org/10.1038/s41467-021-22958-8
https://doi.org/10.1038/s41392-021-00559-7
https://doi.org/10.1038/s41467-021-27716-4
https://doi.org/10.1111/vox.12926
https://doi.org/10.1172/JCI150646
https://doi.org/10.1093/cid/ciaa1198
https://doi.org/10.1371/journal.ppat.1009958
https://doi.org/10.1086/589862
https://doi.org/10.1128/spectrum.00959-23

	The impact of early anti-SARS-CoV-2 antibody production on the length of hospitalization stay among COVID-19 patients
	MATERIALS AND METHODS
	Human samples
	Cells
	Pseudovirus production and titration
	Pseudovirus neutralization assay
	Statistical analysis

	RESULTS
	Characteristics of the study population
	Early humoral immune responses among hospitalized patients with moderate and severe COVID-19
	Association between anti-SARS-CoV-2 neutralizing antibodies and the clinical condition of COVID-19 patients

	DISCUSSION


