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A B S T R A C T   

Cross-reactivity among the two diverse viruses is believed to originate from the concept of antibodies recognizing 
similar epitopes on the two viral surfaces. Cross-reactive antibody responses have been seen in previous variants 
of SARS and SARS-CoV-2, but little is known about the cross reactivity with other similar RNA viruses like HIV-1. 
In the present study, we examined the reactivity the SARS-CoV-2 directed antibodies, via spike, immunized mice 
sera and demonstrated whether they conferred any cross-reactive neutralization against HIV-1. Our findings 
show that SARS-CoV-2 spike immunized mice antibodies cross-react with the HIV-1 Env protein. Cross- 
neutralization among the two viruses is uncommon, suggesting the presence of a non-neutralizing antibody 
response to conserved epitopes amongst the two viruses. Our results indicate, that SARS-CoV-2 spike antibody 
cross reactivity is targeted towards the gp41 region of the HIV-1 Env (gp160) protein. Overall, our investigation 
not only answers a crucial question about the understanding of cross-reactive epitopes of antibodies generated in 
different viral infections, but also provides critical evidence for developing vaccine immunogens and novel 
treatment strategies with enhanced efficacy capable of recognising diverse pathogens with similar antigenic 
features.   

1. Introduction 

Coronavirus spike protein (S) is essential for virus entry, 
virus–receptor interaction, host range variation, and tissue tropism. The 
majority of coronavirus S proteins are cleaved into two functional do-
mains, S1 and S2. The S1 protein is responsible for cellular receptor 
recognition, while the membrane-spanning S2 protein mediates viral- 
cellular membrane fusion, similar to the mechanism shown by type I 
fusion protein [1], this mechanism does not involve other surface viral 
proteins for the fusion process [2]. The human immunodeficiency virus 
type 1 (HIV-1) envelope glycoprotein, which also belongs to same class 
of proteins, utilizing an analogous mechanism, contains two non- 
covalently related subunits, gp120 and gp41. The gp120 guides target- 

cell recruitment and viral tropism through interaction with CD4 recep-
tor, whereas the membrane-spanning gp41 promotes virus-host mem-
brane fusion, allowing viral genetic material to be released into the host 
cell. The sequence analysis between the two proteins revealed some 
similarities between the N-terminal (leucine/isoleucine zipper-like 
sequence) and C-terminal (aromatic-rich region) regions of the HIV-1 
gp41 and SARS-CoV S2 proteins [1,3,4]. Published literatures and 
available structural information suggest that as the SARS-CoV2 spike 
and envelope proteins of HIV-1 share similar structural topology [3,5,6], 
both have evolved to be heavily glycosylated, with the glycans derived 
from the host cells [7,8]. These virus glycan shields have a range of 
structural and functional features which help viruses in immune evasion 
strategies by misdirecting the antibody response to immune-dominant 
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non-neutralizing epitopes. 
Phenomenon of cross reactivity shown by the cross-reactive recog-

nition by the antibodies among the viruses that are closely related to 
SARS-CoV-2 as well as viruses that are phylogenetically distant to SARS- 
CoV-2, can bind the spike protein with varying degrees of affinity 
[9–11]. However, the cross-reactivity of recently emerged SARS-CoV-2 
antibodies and their probable role in protection or adverse conse-
quences are still not-well known at this time. There are few studies 
which have investigated the commonality of the immunological re-
sponses triggered against the different corona viruses and related 
enveloped RNA viruses like HIV-1 [10,12,13]. Such studies including 
the cross-reactive interactions may lead to the identification of new viral 
epitopes and vulnerabilities with commonality. One of the earlier study 
has shown that persons living with HIV/AIDS has lower sero-prevalence 
of COVID-19 than the general population [14]. 

Here, the goal of this study was to see how reactive the SARS-CoV-2 
spike directed antibodies in immunized mice serum and investigate 
whether in addition to any possible cross reactive response if they confer 
any cross-reactive protection against HIV-1, in terms of neutralizing 
antibodies. One of the interesting highlights from our present study is 
that SARS-CoV2 specific antibodies in the spike immunized mice hyper 
immune sera are cross-reactive, though they don’t exhibit any cross- 
neutralizing potential of HIV-1 pseudo virus. We also looked at the 
epitopes that define cross-reactivity between SARS-CoV-2 and HIV-1 
herein, an attempt is made to identify shared epitopes which could 
lead towards novel vaccine and anti-SARS-CoV-2 therapeutic targets. 
Our present study may help in determining whether antibody responses 
produced naturally during infection or by active vaccination may pro-
vide defence from circulating infections or contribute to disease severity 
as a long-term consequence to newly emerging and re-emerging 
infections. 

2. Material and methods 

2.1. Purification of SARS-CoV2 and HIV-1 recombinant proteins 

The Expi 293F expression system was used to produce recombinant 
proteins, from a codon optimized nucleic acid sequence of RBD-His, 
Spike-His, J41 gp120-His, J41/JRFL foldon-His, and J41-BG SOSIP ac-
cording to the previously published methods [15–18]. In brief, the 
culture supernatant was collected 5–7 days after transfection and puri-
fied using Ni-NTA affinity chromatography, followed by dialysis in 
phosphate buffer saline (pH 7.4), as reported in our previous papers 
[15–17,19]. The J41-BG SOSIP chimera was purified using the PGT145 
antibody affinity columns. The SARS-CoV2 N protein was produced 
using the expression system of bacteria, and purified by using Ni-NTA 
affinity chromatography. 

2.2. Animal immunization studies and binding reactivity immune-assays 

Five C57BL/c or BALB/c mice in each group were immunized using a 
prime/boost immunization regimen with one group was kept as control 
in each study. The immunization procedure was done as per the 
compliance with the CPCSEA Guidelines and procedures certified by the 
Institutional Animal Ethics Committee (IAEC Approval number: IAEC/ 
THSTI/53 and IAEC/THSTI/93). Seven to eight week old C57BL/c mice 
were immunized with purified recombinant RBD and Spike protein ac-
cording to the available literature [20]. For SARS CoV-2N was immu-
nized using BALB/c animals, with five number of animals in each 
experimental groups were immunized with purified recombinant pro-
tein (30 µg) mixed with adjuvant, AddaVax (1:1) via intramuscular 
route. The immunization procedure follows the prime-boost immuni-
zation schedule, where the boost immunization was done post 21 days of 
prime. Prebleed and post immunization sera were collected at day 0 and 
14 days past each immunization. The rabbit sera immunized, using DNA 
prime protein boost immunization regimen, was used from our previous 

study [16]. The pooled sera post second boost was used in the present 
study. 

2.3. ELISA binding assays 

100 μL of recombinant soluble proteins were coated on NUNC 
Maxisorp plates (Thermo Scientific) i.e. (RBD protein, soluble Spike 
protein (2P), gp120/gp140, and N -protein) overnight in coating buffer 
at 4 ◦C. In this assay, 100 μL of serum samples with dilutions ranging 
from 150 to 328,050 were used. The ELISA colour reaction was devel-
oped with HRP conjugated secondary antibodies, anti-Mouse-IgG-Fc, 
(Code: 115-035-003 Jackson ImmunoResearch) and anti-Rabbit-IgG- 
Fc, Code: 111-035-003, Jackson ImmunoResearch) and tetrame-
thylbenzidine (TMB) substrate. In the competitive ELISA binding test, all 
processes were the same, except plates were coated overnight as 
described above, and cross-reactivity to spike and HIV Env proteins was 
assessed in the presence of increasing amount of methyl-d- 
mannopyranoside. (Sigma-Aldrich Cat. No. M6882). In all the ELISA 
assays washing after primary and secondary antibody step was done 6 
times with 0.1% Tween containing PBS. 

2.4. Depletion of polyclonal antibodies by gp140 Env protein 

Purified soluble gp140 foldon protein was used for depletion of 
serum polyclonal cross-reactive antibodies. The purified protein was 
allowed to bind with magnetic beads (Life Technologies Inc. Cat. No 
65501) as mentioned in our previous published studies [10,17]. For 
depletion assay, neutralizing polyclonal sera from SARS-CoV-2 immu-
nized mice was diluted in the range of 1:50 in Dulbecco’s modified 
Eagle’s medium (DMEM) containing 10% fetal bovine serum (FBS). For 
45–60 min, diluted serum (800–1000 µL) was incubated with magnetic 
beads at room temperature. As mentioned above, unbound serum anti-
bodies to HIV gp140 foldon protein were separated from the antibodies 
which are bound with protein-coated beads using a DynaMag 15 mag-
net. This procedure was done 5–7 times to deplete serum antibodies. In 
parallel, polyclonal antibodies were depleted from Bovine serum albu-
min coated magnetic beads as an assay negative control. 

2.5. Neutralization assay based on cytopathic effect (CPE) using live 
SARS-CoV2 virus 

CPE-based neutralisation assays were carried out as previously 
described by Parray et al., 2020 [15]. In brief, 100 TCID50 isolate USA- 
WA1/2020 virus was passaged once in Vero cells and then treated with 
serum dilutions ranging from 1:20 to 3260 for 60 min before adsorption 
on Vero E6 cells for 1 h. The DMEM containing 2 percent (vol/vol) FBS 
was added to the cells after washing. After 3 d of incubation at 37 ◦C 
with 5% CO2, the presence of cytopathic effect (CPE) in cells was 
observed using a microscope. Uninfected Vero E6 cells were considered 
as control while Vero E6 cells infected with SARS-CoV2 virus was 
considered as assay negative control. 

2.6. HIV pseudotyped neutralization assay 

Neutralization assays were carried out using luciferase reporter cell 
line (TZM-bl) as previously described by Kumar et al., 2012, 2018 
[21,22]. In brief, env-pseudotyped molecular clones were incubated 
with serum antibody dilutions for 60 min at 37 ◦C in a CO2 incubator and 
then 10,000 TZM-bl cells were added to the virus sera mixture in the 
presence of 25 μg mL− 1 DEAE-dextran (Sigma, Inc.). After another 48 to 
52 h of incubation, the percentage of virus neutralisation was measured 
using a luminometer to calculate relative luminescence units (RLU). 
(Victor X2; PerkinElmer Inc.). 
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2.7. FACS-based cell surface antibody staining assay 

The FACS-based cell surface antibody staining assay was performed 
with some modifications as described earlier [23]. The Envs 4-2. J41, 
JRFL, and JRCSF, as well as the pctat plasmid (Env:pctat = 20:1) were 
transfected using the calcium phosphate system according to the man-
ufacturer’s protocol (ThermoFisher Scientific, Cat no. K278001). The 
media was changed one day post-transfection and, 36–48 h post- 
transfection, cells were assayed for cell surface binding to mice spike 
hyperimmune sera and the findings were analysed as previously stated 
[24,25]. Sera dilution was kept stable at 1:2000. 

2.8. Protein’s enzymatic de-glycosylation: 

PNGase F (NEB, Cat. No P0705S) (Non-Denaturing Reaction Condi-
tions) was used to deglycosylate the protein in accordance with the 
manufacturer’s directions. In brief, 15–20 µg of purified dialyzed HIV- 
1J41 gp120/140 proteins and spike protein of SARS-CoV2 was mixed 
with Glyco Buffer 2 in a 20 µL volume of the reaction mixture. 2.5 µL of 
PNGase F was used and reaction mixture was kept at 37 ◦C for 2–4 h. To 
assess the amount of de-glycosylation, one reaction with protein and 
Glyco Buffer 2 but no PNGase F was incubated at 37 ◦C for the same time 
duration as a control. SDS-PAGE was used to find out the level of 
deglycosylation in both enzymatic and control reaction samples, and the 
change in mobility of protein bands was used to quantify the extent of 
deglycosylation. 

2.9. RBD-ACE2 competition assay: 

The RBD-His protein was coated on the ELISA plate and followed by 
incubation with HIV-1 purified IgG (10 µg mL− 1) for 1 h at RT. In par-
allel, purified HIV-1 IgG (10 µg mL− 1) was incubated with ACE2 (10 µg 
mL− 1). As an assay positive control RBD immunized mice sera was used 
in parallel. If polyclonal IgG antibody binding competes with ACE2 
binding there was a decrease in ELISA OD450, for no competition be-
tween IgG antibodies and ACE2 no difference in OD450 value was 
observed. We have shown that HIV-1 Polyclonal IgG did not compete 
with the binding of ACE2 to RBD. In contrast, positive control RBD 
immunized mice sera showed a significant decrease in binding with RBD 
in presence of ACE2. This inhibition effect was more prominent in case 
of RBD immunized mice sera and no-inhibition was observed in the case 
of HIV-1 IgGs. It suggests that the two binding sites, Ab epitopes and 
ACE2 binding site, on RBD are non-overlapping. 

2.10. Statistical analysis 

All data are presented as the mean ± S.D. of at least three indepen-
dent experiments. Statistical significance among multiple groups was 
analyzed were determined by two-way analysis of variance (ANOVA) 
followed by Tukey’s post hoc tests using GraphPad Prism 7. Statistical 
significances were presented as either p < 0.05 or p < 0.01. 

Fig. 1. Cross-reactive binding of SARS-CoV-2 antibodies to HIV-1 glycoproteins. A (I and II) & B. In ELISA and Western blot research, polyclonal antibodies from 
spike immunised mouse sera were examined for cross-reactive binding to gp140 protein (from clade C J41 foldon & clade B JRFL foldon). The sera collected from N 
protein (SARS-CoV-2) immunized mice and pre-immune sera was included here as assay negative control. The immunoblot and ELISA experiments were repeated a 
minimum of 3 times. Data is presented as the mean ± SD, and differences between groups were determined by two-way analysis of variance (ANOVA) followed by 
Tukey’s post hoc tests using GraphPad Prism 7. Statistical significance between the control and different groups is shown as *P < 0.05, **P < 0.01, ***P < 0.0001, 
****P < 0.0001 and ns (non-significant). 
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3. Results 

3.1. Cross-reactive binding of SARS-CoV-2 antibodies to HIV-1 surface 
glycoproteins 

We performed ELISA to look for cross reactive binding to HIV-1 Env 
proteins in the serum of mice immunized with SARS-CoV-2 spike protein 
(prefusion spike trimer S2P). Interestingly, the SARS-CoV-2 polyclonal 

sera displayed varying degrees of cross-reactivity with HIV-1 Env pro-
teins from various clades (Fig. 1A). Furthermore, cross-reactivity of the 
polyclonal sera was verified by western blot analysis. The detection of a 
140 kDa band for HIV-1 Env (corresponds to gp140 recombinant version 
of HIV-1 Env protein) substantiates the cross-reactive binding of the 
SARS-CoV-2 polyclonal sera with HIV-1 Env proteins (Fig. 1B). Mice pre- 
immune sera and sera from mice immunised with the nucleoprotein (N) 
of SARS-CoV-2 were used as a negative control to determine the 

Fig. 2. FACS analysis for cross reactive binding antibodies between SARS-CoV-2 and HIV-1: A). The FACS-based cell surface antibody staining assay with HIV-1 
efficiently cleaved, functional Envs 4-2. J41 (clade C), JRFL and JRCSF (clades B) with mice spike hyperimmune sera. A representative histogram showing bind-
ing of spike immunized mice polyclonal sera to cell surface expressed HIV-1 protein. (B) GMFI data for the binding of HIV cell surface expressed Env to mice SARS- 
CoV-2 serum samples. All the experiments were done in duplicate and repeated at least two times. Statistical significance between Pre-immune and different treated 
groups is shown as ****P < 0.0001. 

Fig. 3. A). Cross neutralization potential of SARS-CoV-2, HIV-1 polyclonal antibodies and effect of depletion on cross reactive binding antibodies on cross 
neutralization: Cross-neutralization potential of sera was assessed against pseudotyped viruses expressing HIV-1 clones representing different subtypes. The value 
represents the serum neutralization titers. In the case of SARS-CoV-2, a CPE based assay was performed and for HIV-1, a TZM-bl cell neutralization assay was carried 
out. Neutralization assays were done in duplicates and repeated at least two independent times B). The extent of binding of the depleted and undepleted spike serum 
with magnetic beads coated with HIV-1J41 gp140 protein was accessed by ELISA. C). Degree of shift in sensitivity of Wuhan SARS-CoV2 viruses to plasma depleted 
with HIV-1 Env (J41 gp140). The value in the graph represents the CPE value. No change in neutralization of plasma samples was observed in depleted and 
undepleted samples. Statistical significance was determined using student t-test and p < 0.05 was considered significant and ns (non-significant). 

R. Perween et al.                                                                                                                                                                                                                                



International Immunopharmacology 101 (2021) 108187

5

sensitivity of this cross-reactivity and to rule out any pre-existing cross- 
reactive antibodies in the polyclonal sera of mice. Neither the pre- 
bleed nor the N-immunized mouse sera showed any reactive binding 
with any of the tested gp140 HIV-1 Env proteins. 

The above observations were further validated by a flow cytometry- 
based assay, where we further investigated any possible reactivity of 
spike polyclonal mice sera towards the cell surface expressed full length 
(gp160) HIV-1 Env protein using a FACS-based cell surface antibody 
staining assay. Transiently transfected HEK 293 T cells expressing the 
efficiently cleaved, functional HIV-1 Envs from Clade C as well as Clade 
B subtypes; 4-2J41 (clade C), JRFL and JRCSF (clades B), bind with the 
mice spike hyperimmune sera (Fig. 2A & S1). We found that all the three 
Envs expressed on the cell surface (irrespective of different clade sub-
types) showed binding to mice spike hyperimmune sera with ~ 10-fold 
higher MFI as compared to the pre-immune sera (Fig. 2B). Taken 
together, these results suggest that the spike directed polyclonal anti-
bodies elicited in immunized mice react with functional HIV-1 enve-
lopes. Our findings show that the cross-reactivity of anti-SARS-CoV-2 
hyper immune mouse sera is due to antibody responses directed against 
the SARS-CoV-2 spike protein, corroborated by the high binding 

reactivity of spike hyper immune sera and absence of any binding 
response by the pre-immune sera. 

3.2. Cross-reactive SARS-CoV-2 polyclonal antibodies are non- 
neutralizing 

We next examined, whether these anti-SARS-CoV-2 cross-reactive 
antibodies have cross-neutralizing effects. To evaluate for any plausible 
cross-neutralizing activity, the spike immunized hyperimmune sera that 
neutralized the SARS-CoV2 virus with a CPE value of 1280 was tested for 
its cross-neutralization potential with a panel of HIV-1 env pseudovi-
ruses. The serum anti-spike antibodies (1:20 dilution) had no neutral-
izing effect against any of the HIV-1 pseudotyped viruses tested 
(Fig. 3A). 

We performed serum depletion assays to confirm non-neutralizing 
capability of the cross-reactive anti-SARS-CoV-2 antibodies, where 
HIV-1 cross-reactive binding antibodies were depleted from the serum of 
spike immunized mice, which showed potent anti-SARS-CoV2 neutral-
ization effectiveness (Fig. 3B). Dyna beads coated with purified HIV-1 
Env gp140 protein were used for depletion (Clade C). The 

Fig. 4. A & B). HIV-1 gp140 from 4-2J41 (clade C), JRFL (clade B) proteins were treated with PNGase and deglycosylated. The spike immunized mice sera bound 
with both glycosylated and deglycosylated forms of gp140 protein. In a parallel blot, an equal amount of proteins was loaded and Anti-His tag antibody was used for 
probing. C). Cross-reactivity of binding was assessed in presence of methyl α-d-mannopyranoside. Plates were coated with SARS-CoV-2 Spike protein and incubated 
with dilutions of methyl α-d-mannopyranoside along with a constant amount of the indicated antibodies. Antibody binding was quantified via ELISA. Statistical 
significance between the control and other experimental groups was estimated by two-way analysis of variance (ANOVA) followed by Tukey’s post hoc ergo propter 
hoc tests using GraphPad Prism 7. Statistical significance between control and different groups is shown as, ****P < 0.0001 and ns (non-significant). 
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neutralization efficacy of polyclonal antibodies against the SARS-CoV-2 
virus did not alter when serum antibodies directed at HIV-1 gp140 
proteins were depleted, confirming that cross-reactive binding anti-
bodies to HIV-1 Env proteins don’t induce cross-neutralization (Fig. 3C). 

3.3. Cross-reactive antibodies target gp41 region and are glycan 
independent 

We next investigated the target specificity of the polyclonal anti-
bodies that demonstrated cross-reactivity between the two group of vi-
ruses. First, we examined the potential role of glycosylation, and tested 
the cross-reactive binding of spike polyclonal antibodies for any possible 
glycan dependent reactivity towards HIV-1 Env proteins. We de- 
glycosylated the HIV-1 gp140 proteins from J41 (clade C) and JRFL 
(clade B) and tested them for their reactivity towards spike polyclonal 
antibodies in a western blot assay. We found that deglycosylation of 
HIV-1 gp140 proteins does not effect the reactivity of SARS-CoV-2 
polyclonal antibodies (Fig. 4A & B). 

These results were further confirmed by an ELISA based competition 
assay where cross-reactive interactions in the presence of methyl α-d- 
mannopyranoside (a stabilized mannose analogue) were tested. Inter-
estingly, we observed that rabbit sera immunized with HIV-gp140 
showed insensitivity towards spike protein in the methyl α -d-man-
nopyranoside competition assay (Fig. 4C). 

To further narrow down the specificity for cross-reactive binding, we 
tested binding of soluble versions of HIV-1 Env protein; gp120 and 
gp140 Env proteins (J41 SOSIP & J41 gp140 foldon) from clade C 
subtype 4.2-J41 in an ELISA binding assay, where spike polyclonal sera 

showed significant cross-reactivity to J41 gp140 foldon as compared to 
gp120 (Fig. 5A). We found that spike polyclonal sera from mice cross- 
react with gp140 Env proteins and poorly with gp120 Env proteins. 
This cross-reactivity towards the gp140 construct was further confirmed 
by an immunoblot assay. We found that spike polyclonal sera from mice 
cross-react with gp140 Env proteins and poorly with gp120 Env proteins 
(Fig. 5B). These results highlight the involvement of residues of gp41 in 
the cross-reactivity, which are not present in the gp120 truncated 
version of HIV-1 Env protein. 

To further narrow down the specificity of cross-reactive epitopes in 
the gp41 region, we performed an ELISA binding assay with the MPER 
peptide of HIV-1 gp41. Interestingly, the spike in immunized mice sera 
binds with the MPER peptide. However, the sera from RBD-immunized 
mice showed no cross-reactive binding with MPER (Fig. 5C). These re-
sults further support that cross-reactive antibodies elicited in mice 
immunized spike sera primarily cross-react with gp41 region constructs 
and peptides. Our results are supported by a recent study, wherein they 
have shown that S2 of SARS-CoV-2 harbours an MPER-like sequence 
[26]. 

3.4. Anti-HIV gp140 directed rabbit polyclonal antibodies showed cross 
reactivity to spike of SARS-CoV2 

Next, we evaluated the possibility of bidirectional cross-reactive 
antibody responses between HIV Env gp140 hyper immune sera and 
spike protein of SARS-CoV2. In this assay, the HIV-1 gp140 Env 
immunized rabbit sera were accessed for their binding to RBD and spike 
proteins. The HIV-1 gp140 Env rabbit sera showed reactivity towards 

Fig. 5. A & B). Accessing potential role of glycosylation in cross-reactivity of Anti-SARS-C0V2 polyclonal antibodies: Cross-reactivity of spike immunized mice sera 
was tested for gp120 and gp140 protein ELISA and in Western blot analysis. The spike immunized mice sera specifically bound to the gp140 protein and did not cross- 
react with the gp120 protein. The same blot was restriped and blotted with PGT121 mAb to insure equal loading of experimental proteins. C). The extent of binding of 
spike and RBD immunized mice sera was tested for HIV-1 MPER peptide. 
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spike proteins in ELISA and same was confirmed by western blotting 
analysis (Fig. 6A & B). Interestingly, the HIV gp140 Env immune sera 
strongly cross-reacts with the RBD protein. In order to determine 
whether these RBD cross-reactive antibodies are cross-neutralizing, we 
used the CPE assay to test the neutralization potential of HIV-1 gp140 
Env immunized rabbit sera and purified IgG preparation against 
authentic SARS-CoV-2 virus. We found that neither the immune sera nor 
the purified IgG preparations neutralized SARS-CoV2 (Fig. 3A). Our 
study reveals that the cross-reactivity shown by the HIV-1 Env protein is 
targeted towards specific regions of the spike proteins. 

Therefore, we performed an epitope mapping of the HIV gp140 
immunized rabbit sera antibodies that cross-reacted with RBD, using a 
competition assay in the presence of ACE2 protein. We also observed the 
cross-reactivity of the antibodies was not perturbed in the presence of 
ACE2 protein. However, RBD Immunized mice sera used as assay posi-
tive control showed a significant reduction in the presence of ACE2 
protein. Our results confirm that cross-reactive antibodies present in 
rabbit HIV sera bind epitopes located outside of the receptor binding 
motif (RBM); RBD: ACE2 interaction zone (Fig. 6C). 

We further studied the possible contribution of glycosylation to 
cross-reactive antibody responses. We found that J41 gp140 foldon 
immunized HIV-1 rabbit sera binds to both glycosylated and PNGase F 
treated spike proteins (deglycosylated) with similar intensity. This 
confirms that the cross-reactive antibodies in HIV-1 rabbit polyclonal 
sera cross-react with spike protein in a glycan independent manner 
(Fig. 6D). 

3.5. Cross reactive antibody responses in spike immunized mice sera are 
predominantly IgG1 mediated 

We next examined the antibody isotypes and specificities of spike 
hyper immune sera against HIV-1 Env protein to see if whether any 
specific IgG subclasses are involved in directing the process of cross- 

Fig. 6. A). Bidirectional immunoreactivity of HIV-1 gp140 immunized sera to the SARS-CoV-2 Spike. Serial dilutions of HIV-1 gp140 immunized rabbit sera were 
assessed for SARS-CoV-2 S protein binding. Milk coated wells were used as negative control in ELISA binding assay. B). Purified spike proteins were detected on 
Western blot by using gp140 immunized rabbit sera as primary antibody followed by using HRP conjugated anti Rabbit-Fc antibody. C). RBD-ACE2 competition assay 
suggests that HIV-1 polyclonal antibodies bind to RBD epitopes that are non-overlapping with ACE2 binding site. D). Spike protein was treated with PNGase and 
deglycosylated. The HIV-1 gp140 foldon immunized rabbit sera bound with both glycosylated and deglycosylated forms of spike protein. Statistical significance was 
determined using student t-test and p < 0.05 was considered significant and ns (non-significant). 

Fig. 7. Isotyping of cross-reactive binding antibodies: An ELISA binding assay 
was used to assess the isotyping of cross-reactive antibodies in spike mice im-
mune serum. 
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reactive reaction. The cross-reactivity of spike immunized mice sera 
towards HIV-1 Env proteins was predominantly dominated by IgG1 
subclass (Fig. 7). Similar observation has also been reported by our 
group in polyclonal spike immunized mice sera that showed cross 
–reactive binding to H1-HA protein of influenza virus. The cross reactive 
antibody responses between SARS-CoV2 spike and HA was predomi-
nantly IgG1, followed by IgG2b, IgG2c and IgG3 [10]. 

4. Discussion 

Here, our studies show that SARS-CoV-2 directed non-neutralizing 
polyclonal antibodies (SARS CoV-2 spike, immunized mice sera) 
demonstrate cross-reactivity with gp41 of HIV-1 [27–29]. However, 
there are very few reports so far that clearly investigates the mechanism 
underlying these potential cross-reactive epitopes [30]. Our findings 
show that antibodies generated against spike protein, a key component 
of SARS-CoV2 vaccines cross-react with the HIV-1 Env proteins, how-
ever these cross-reactive antibodies do not neutralise the SARS-CoV-2 
virus. The ADCC activity of these antibodies can show whether or not 
their effector functions can provide some defence, though this has not 
been discussed here and is a limitation of the present study. Utilizing 
focused antibody-depletion tests, we illustrate that SARS-CoV-2 anti-
bodies that cross-react with HIV-1 gp140 protein are especially non- 
neutralizing for SARS-CoV-2. However, similar phenomenon was 
observed by Williams et al; 2021; for HIV-1 Env Fab-dimerized glycan 
(FDG)-reactive mAbs. These FDG reactive mAbs play a role in HIV 
neutralisation and also binds with the SARS-CoV-2 S2 protein. Although 
similar to our findings, HIV-1 Env-directed FDG mAbs did not neutralise 
SARS-CoV-2 viruses [31]. 

Viral envelope glycoprotein of HIV-1 and spike proteins are heavily 
glycosylated with a diverse array of host-derived glycans [8]. By 
occluding epitopes and evading the host immune system, these glycans 
play a crucial role in viral defence mechanisms [32]. These glycans are 
immunogenic and have been shown to elicit strong neutralising anti-
bodies against HIV-1 (2G12) [33] and SARS-CoV-2 spike protein (S309) 
[34]. However, in our study, we demonstrated that anti-SARS-CoV-2 
antibodies bind to the HIV-1 Env glycoproteins in a glycan indepen-
dent manner and this cross-reactivity is targeted towards the gp41 re-
gion of HIV-1. Lander et al and other groups have shown that SARS-CoV- 
2 infection induces cross-reactive antibody responses against the FP and 
HR2 epitopes of endemic CoVs, highlights that these epitopes possess a 
long-term B cell memory in general population, and it was hypothesized 
that these antibodies might be able to cross neutralize SARS-CoV-2 
[35–37]. Sequence analysis revealed that viral HIV-1 and SARS-CoV 
envelope proteins share sequence motifs that contribute to their active 
conformation, which can explain a certain degree of structural homol-
ogy in their envelope proteins [3]. A very recent study have demon-
strated a substantially more significantly higher predominance of cross- 
reactive antibodies against SARS-CoV-2 that protects against COVID-19 
illness in sub-Saharan African populaces, with a much lower mortality 
rate, possibly that might be because these regions have a higher prev-
alence of infectious diseases, such as HIV-1 and other viral infections 
[38]. Recent research shows that glycan targeting HIV-1 bnAbs have a 
high degree of glycan-dependent cross-reactivity with spike protein of 
SARS-CoV-2. However, these glycan dependent antibodies required a 
high concentration (200 µg/ml) to bind and failed to neutralize the 
SARS-CoV-2 virus [39]. 

Additionally, we found that these cross-reactive antibody responses 
are bi-directional between SARS-CoV2 and HIV-1. The rabbit sera, 
immunized with the gp140 of HIV-1 Env protein, strongly bind with the 
spike and RBD protein, although these cross-reactive responses are un-
able to neutralize the Wuhan live SARS-CoV2 virus in a CPE assay. A 
plausible reason for the inability of these cross-reactive RBD directed 
antibodies to neutralize the SARS-CoV2 viruses could be because they 
bind to the epitopes that span away from the RBD: ACE2 interaction 
zone, as inferred from our competition assay. 

Background noise signal in SARS-CoV-2 serology screening, which 
leads to a misleading predictive value between antibody titers and viral 
neutralization, disease state, and progression of the disease might be 
partially attributed to cross-reactive antibodies. A recent study has also 
shown that there is cross-reactivity between SARS-CoV-2 antigen/anti-
bodies with the commercially available HIV chemiluminescent immu-
noassays, leading to false-positive results [40]. 

Our study highlights the possible inclusion of vaccines with fusion 
peptide (FP) and HR2 sites in their immunogens that can induce the 
development of a more widely active, stronger, and longer-lasting 
memory response, and reduce the probability of sequence-altering mu-
tations rendering the vaccine ineffective. 
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