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Abstract
It was reported that tuberculosis and BCG vaccination are potential tools for reducing the burden of COVID-19, mainly 
through the non-specific trained immunity. We have investigated whether BCG vaccination is able to induce cross-reacting 
antibodies against the SARS-CoV-2. We have tested the induced humoral immune responses against the SARS-CoV-2 Spike 
in the mouse model, after either BCG or rabies DNA-based vaccination alone or in Prime/Boost approach to COVID-19 
DNA-based vaccination. We have demonstrated that BCG vaccination alone was able to induce cross-reacting antibodies 
to SARS-CoV-2 Spike. It can also boost the antibody response induced by a COVID-19 DNA-based vaccination. Hence, 
both BCG and latent tuberculosis infection can explain the lower burden of COVID-19 in developing countries, not only 
through the trained immunity but also by inducing cross-reacting antibodies. Furthermore, with the emergence of different 
COVID-19 variants, or eventually other Betacoronaviruses, the use of BCG vaccination can help against immune escapes 
of the current vaccines.

Introduction

The ongoing global pandemic of coronavirus disease 2019 
(COVID-19) is caused by the severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2), identified for the first 
time in December 2019 in Wuhan, China. A first report 
[1] indicated that tuberculosis (TB) BCG vaccination is a 
potential tool for reducing the burden of COVID-19. BCG 
is currently one of the most widely used vaccines in the 
world (more than four billion BCG-vaccinated individuals). 
Since this initial report, many others came out with contro-
versial results [2]. While many showed no statistical evi-
dences [3–5], others strongly supported protective effects [6, 
7]. Furthermore, patients with latent tuberculosis infection 
(LTBI) showed a low COVID-19 mortality [8, 9]. Accord-
ing to the World Health Organization (WHO) one quarter 
of the world's population may have LTBI [10]. Therefore, 
both LTBI and BCG may provide immunological protection 
against COVID-19, especially in low income countries.

Two possible mechanisms have been proposed to explain 
the beneficial effects of BCG. The non-specific trained 
immunity [11], and the heterologous lymphocyte responses. 
In recent reports, in silico investigations of T and B-cell 
epitope prediction methods of the BCG proteome, showed 
high similarities to immunogenic peptides of SARS-CoV-2 
including the receptor binding domain of the spike [12, 13].

In our investigation, we have tested the induced humoral 
immune responses against the SARS-CoV-2 Spike in the 
mouse model, after either BCG or rabies DNA-based vac-
cination alone or in Prime/Boost approach to COVID-19 
DNA-based vaccination.

Materials and Methods

Vaccines and Plasmids

The BCG vaccine is produced in the “Institut Pasteur de 
Tunis” using the strain “Pasteur 1173 P2”. The plasmid 
backbone pCMV3ISS and pCMV3ISS-GPV encoding to the 
PV strain glycoprotein of the rabies virus were constructed 
as described16. For DNA-based vaccine candidate encoding 
the full length SARS-CoV-2 Spike Glycoprotein we have 
used the following primers:

 *	 Chokri Bahloul 
	 chokri.bahloul@pasteur.rns.tn

1	 Institut Pasteur de Tunis, LR11IPT01 Microbiologie 
Moléculaire, Vaccinologie Et Développement 
Biotechnologique, Université de Tunis El Manar, 13, Place 
Pasteur BP‑74, 1002 Tunis‑Belvédère, Tunisia

http://orcid.org/0000-0001-8543-4948
http://crossmark.crossref.org/dialog/?doi=10.1007/s00284-022-02971-w&domain=pdf


	 N. Rahali, C. Bahloul 

1 3

275  Page 2 of 6

S1BgLIIup	� AAG​ATC​TAT​GTT​TGT​TTT​TCT​TGT​
TTT​ATT​GCC​

S1 BamHIStop rev	� ATT​AGG​ATC​CTG​TCT​TGG​TCA​TAG​
ACA​CTG​G

S2BamHI Start up	� AGG​ATC​CAT​GTC​AGT​AGA​TTG​
TAC​AAT​GTA​CAT​TTG​TGG​

S2rev	� ATT​ATG​TGT​AAT​GTA​ATT​TGA​CTC​
CTT​TGA​GCA​CTG​GC

TMBgLII up	� AAG​ATC​TAA​ATG​GCC​ATG​GTA​
CAT​TTG​GCT​AGG​

S2-BamHIrev	� AGG​ATC​CTT​ATG​TGT​AAT​GTA​ATT​
TGA​CTC​CTT​TGA​GC

The Spike gene was amplified by RT-PCR in different 
steps, using the viral RNA of a COVID-19 Tunisian patient 
as a matrix. A nasopharyngeal sample from a Covid-19 
positif patient was used for RNA extraction via the Qiamp 
viral RNA mini kit (Qiagen Gmbh, Germany). We have 
amplified the S1 domain of the Spike using the set of prim-
ers (S1BgLIIup and S1 BamHIStop rev) giving pCMV3ISS-
S1. Then, we have constructed pCMV3ISS-S2 encoding to 
the S2 domain with S2BamHI Start up and S2rev. To get 
rid of BamHI site inside the S2 domain, we have used the 
primers TMBgLII up and S2-BamHIrev and the matrix was 
pCMV3ISS-S2, to amplify the Transmembrane domain 
(from nucleotides 3752 to 3822 of the spike), giving pCM-
V3ISS-BgLII-TM. The plasmid pCMV3ISS-BgLII-TM 
was linearized with BgLII and Inserted the remaining of 
the S2 domain issued by the digestion of pCMV3ISS-S2 
by BamHI. Therefore, we have the plasmid pCMV3ISS-
S2ΔBamHI, which is identical to pCMV3ISS-S2 except 
that the site BamHI at position 3752 is eliminated (GGA​
TCT​ instead of GGA​TCC​). Then, we have extracted the S2 
gene by digesting pCMV3ISS-S2ΔBamHI with BamHI and 
inserted it to pCMV3ISS-S1 after linearization with BamHI, 
inorder to obtain the plasmid pCMV3ISS-Cov2S, encoding 
to the full length of the Spike. In addition, to the full length 
S, the plasmid pCMV3ISS-Cov2S encodes to an insertion of 
three amino acids Glycine, Serine and Methionin (between 
Threonine734 and Serine735).

For plasmid purification, the Qiagen kit (Qiagen 
Gmbh, Germany) was used according to the manufacturer 
recommendations.

Animal Experimentation in Mice

Each group of BALB/c mice was composed of five female 
animals. Mice were anaesthetized with sodium pentobarbi-
tal, then immunized with 50 μg or 100 μg of Qiagen puri-
fied pCMV3ISS-CoV2S plasmid intramuscularly in 100 μl 
of PBS. For Prime/Boost Experiments mice were admin-
istered either 200 µl of BCG (1/10th of the human dose) or 
50 μg of pCMV3ISS-GPV and two weeks later 50 μg of 
pCMV3ISS-CoV2S, in the same conditions as above. Mice 
were identified individually and bled at days 0, 28 and 90 
post-vaccination.

ELISA Assay for Antibody Detection

For the assay of antibodies against the SARS-CoV-2, we 
have developed an in house ELISA. The plating was with 
the extracellular domain of the spike protein expressed on 
Baculovirus-Insect Cells (SinoBiological, China). Sera were 
tested after an initial dilutions to 1/50 or 1/20. Given results 
are optical density absorptions at 450 nm (OD).

Statistical Analysis

EpiCalc 2000 version 1.02 was used for statistical analysis. 
We calculated p-values for each comparison (Significant at 
the 95% confidence interval when lower than 0.05).

Results and Discussion

Mice immunized with only pCMV3ISS-CoV2S (Group 1 
50 µg, Group 2 100 µg) raised only baseline antibody titers 
against the SARS-CoV-2 spike when compared to the PBS 
Group. When mice were primed with either BCG vaccine 
(Group 4) or with pCMV3ISS-GPV (Group 3) then boosted 
with pCMV3ISS-CoV2S, high antibody titers were raised 
(Fig. 1). Mice of Groups 3 and 4 compared to those of Group 
1 (administered only pCMV3ISS-CoV2S) showed increases 
of the induced antibody titers at day 90 post-priming, the 
difference was statistically not significant between Groups 
3 and 1 (p-value 0.227) and significant between Groups 
4 and 1 (p-value 0.00136). Mice administered only BCG 
(Group 5) induced a higher level of cross-reacting antibodies 
to SARS-CoV-2 spike at day 90 compared to day 28, opti-
cal density absorption at 450 nm (OD) of 0.183 and 0.125, 
respectively (p-value: 0.189 not significant). In a previous 
experiment, we have shown almost the same trend in induc-
ing cross-reacting antibodies to SARS-CoV-2 spike by the 
administration of BCG alone (Table 1). We have compiled 
the results of both experiments and the comparison between 
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day 90 (OD 0.200) and day 28 (OD 0.117) was statistically 
significant (p-value: 0.018).

We have followed the kinetics of the induced humoral 
immune responses individually (Table 2). At least 4 mice 
out of 5 primed with BCG (Group 4) and 2 out of 5 primed 
with pCMV3ISS-GPV (Group 3) seroconverted by day 
90. Two mice out of 4 administered only BCG (Group 5), 
showed seroconversions. In a previous experiment 3 mice 
out of 5 have seroconverted (Table 1). Hence, we can con-
firm that mice administered only BCG are able to induce 
cross-reacting antibodies towards the SARS-CoV-2 Spike. 
Mice administered only the rabies pCMV3ISS-GPV did not 
show significant seroconversions towards the SARS-CoV-2 
Spike. However, when sera were diluted to 1/20 and tested 
by ELISA, mouse 3, has shown most likely a titer that can be 
considered as a seroconversion (Table 2). Further investiga-
tions are needed to confirm that rabies Glycoprotein is able 
to induce cross-reacting antibodies to SARS-CoV-2 Spike.

To our knowledge this is a first demonstration that BCG 
vaccination alone was able to induce cross-reacting antibod-
ies to SARS-CoV-2 Spike. It can also boost the antibody 

response induced by a COVID-19 DNA-based vaccina-
tion. Although, the effect of BCG vaccination on the fate 
of Covid-19 is still controversial, many reports consider 
the trained immunity as the main mechanism of protection 
[14]. Others through in silico investigations have hypoth-
esized that BCG may carry similar T-and B-cell epitopes 
with SARS-CoV-2 [12, 13]. They have found numerous 
BCG MHC-I-restricted T-cell epitopes similar to MHC-
I-restricted T-cell SARS-CoV-2 epitopes and some BCG 
B-cell epitopes similar to SARS-CoV-2 B-cell epitopes, 
including the receptor binding domain of the spike 
glycoprotein.

Unlike our findings, it was reported that BCG and other 
common childhood vaccines in the mouse model, have failed 
to induce cross-reacting antibodies against SARS-CoV-2 
[15]. However, they have followed the induced antibodies 
only up to the 7th week post-immunization. We were able to 
detect significant antibody titers only at day 90 post-vaccina-
tion. In COVID-19 patients it was reported that neutralizing 
SARS-CoV-2 RBD-specific clones accumulated with time 
and largely contributed to the late memory B-cell pool [16]. 
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Fig. 1   Kinetics of humoral immune responses in mice. Mice of 
Group 1 and 2 were administered at Day0 50 µg or 100 µg of pCM-
V3ISS-CoV2S, respectively. Mice of Group 3 were administered at 
Day 0 50 µg of pCMV3ISS-GPV and 2 weeks later 50 µg of pCM-
V3ISS-CoV2S. Mice of Group 4 were administered at Day 0 the 
1/10th of BCG human dose ant 2 weeks later 50 µg of pCMV3ISS-

CoV2S. Mice of Group 5 were administered only at Day 0 the 1/10th 
of BCG human dose. Mice of Group 6 were administered only at 
Day0 50  µg of pCMV3ISS-GPV. Given results are optical density 
absorptions at 450  nm (OD). * Statistically significant compared to 
Group 1, filled circle statistically significant between days 90 and 28 
in the same Group, both when p-values are lower than 0.05

Table 1   Individual kinetics 
of induced antibodies against 
SARS-CoV-2 after BCG 
vaccination in mice

Mice 1 2 3 4 5 Means Standard 
devia-
tions

Day 14 0.100 0.089 0.090 0.146 0.075 0.100 0.027
Day 28 0.070 0.175 0.100 0.121 0.089 0.110 0.041
Day 90 0.130 0.323 0.330 0.197 0.098 0.215 0.107
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Also, they have used seroneutralization test and we have 
used ELISA for the detection of antibodies, which results 
might be not correlated. In a recent paper [17], it was shown 
in their figures that mice administered only BCG, induced a 
detectable antibody response by ELISA but not by virus neu-
tralization test, even though the authors did not mention that.

Our findings are very important for several reasons. First, 
it can be used as a tangible proof to stop the controversy 
about the correlation between the National policy of BCG 
vaccination and the lower burden of the COVID-19. It can 
also explain in high endemic regions of TBLI, Mycobacte-
rium may stimulate the immune system against the COVID-
19 [14]. Both, BCG and LTBI can explain the lower burden 
of COVID-19 in developing countries; Second, the mecha-
nism of BCG vaccination for reducing COVID-19 burden 
is not only through the trained immunity but also by the 
induction of cross-reacting antibodies (adaptive immunity); 
Third, even though specific COVID-19 vaccines have been 
released, they are still in limited supply and many of them 
induced suboptimal immune responses. BCG can be used as 
a prime vaccination to enhance the induced humoral immune 
responses by a COVID-19 booster vaccination [18]; Last, 
and with the emergence of different COVID-19 variants, or 
eventually other Betacoronaviruses, the use of BCG vaccina-
tion can help against immune escapes of the current vaccines 
[14, 19].

When the rabies valence was used instead of the BCG for 
prime vaccination with pCMV3ISS-GPV, then boosted with 
a COVID-19 DNA-based vaccination, enhanced humoral 
immune response was shown but statistically not signifi-
cant. Furthermore, when pCMV3ISS-GPV was adminis-
tered alone, there is at least in one mouse a seroconversion. 
Although, further investigations are needed, we think that 
the rabies glycoprotein is able to induce cross-reacting anti-
bodies with the SARS-CoV-2 Spike. It was recently sug-
gested that the SARS-CoV-2 spike protein may interact 
with nicotinic acetylcholine receptors through the spike 
Y674-R685 region, homologous to that of snake neurotox-
ins and to the rabies virus glycoprotein [20] and even to the 
region 157–172 of the HIV-1 gp120, which cross-reacted 
with serum antibodies from rabies vaccinated patients [21]. 
Hence, we can speculate that DNA-based vaccination has 
induced cross-reacting antibodies to the SARS-CoV-2 Spike.

Conclusion

It was reported that BCG vaccination is a potential tool for 
reducing the burden of COVID-19, mainly through the non-
specific trained immunity. Here we have demonstrated that 
BCG vaccination alone was able to induce cross-reacting 
antibodies to SARS-CoV-2 Spike. In addition, we think that 

Table 2   Individual kinetics of induced antibodies against SARS-CoV-2 in mice

ELISA results when sera were diluted to 1/20th
a Between brackets

Mouse 1 Mouse 2 Mouse 3 Mouse 4 Mouse 5 Means Standard deviations

Group 1: pCMV3ISS-CoV2S 50 µg
 Day 28 0.124 0.156 0.143 0.12 0.141 0.137 0.015
 Day 90 0.136 0.153 0.145 0.136 0.138 0.142 0.007

Group 2: pCMV3ISS-CoV2S 100 µg
 Day 28 0.13 0.125 0.119 0.129 0.11 0.123 0.008
 Day 90 0.173 0.114 0.14 0.101 0.103 0.126 0.030

Group 3: Prime pCMV3ISS-GPV/Boost pCMV3ISS-CoV2S
 Day 0 0.130 0.111 0.140 0.117 0.077 0.115 0.024
 Day 28 0.140 0.124 0.110 0.130 0.105 0.122 0.012
 Day 90 0.170 0.134 0.410 0.213 0.116 0.209 0.120

Group 4: Prime BCG/Boost pCMV3ISS-CoV2S
 Day 0 0.150 0.094 0.150 0.114 0.120 0.124 0.023
 Day 28 0.190 0.098 0.130 0.110 0.131 0.132 0.035
 Day 90 0.150 0.420 0.290 0.280 0.227 0.273 0.098

Group 5: BCG
 Day 28 0.110 0.110 0.121 0.156 0.125 0.021
 Day 90 0.282 0.130 0.117 0.198 0.183 0.075

Group 6: pCMV3ISS-GPV
 Day 28 0.140 0.109 0.110 0.125 0.105 0.117 0.012
 Day 90a 0.110 (0.116) 0.098 (0.111) 0.130 (0.204) 0.124 (0.115) 0.104 (0.100) 0.114 (0.129) 0.014 (0.042)



Induction of Cross‑Reacting Antibodies Against the COVID‑19 by BCG Vaccination in the Mouse…

1 3

Page 5 of 6  275

with the emergence of different COVID-19 variants, the use 
of BCG may increase the induced immune responses by the 
current vaccines and further prevent the immune escapes.
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