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Abstract: Novel SARS-CoV-2 variants are emerging at an alarming rate. The delta variant and
other variants of concern (VoC) carry spike (S)-protein mutations, which have the potential to
evade protective immunity, to trigger break-through infections after COVID-19 vaccination, and to
propagate future waves of COVID-19 pandemic. To identify SARS CoV-2 variants in Bangladesh,
patients who are RT-PCR-positive for COVID-19 infections in Dhaka were screened by a RT-PCR
melting curve analysis for spike protein mutations. To assess the anti-SARS CoV-2 antibody responses,
the levels of the anti-S -proteins IgA and IgG and the anti-N-protein IgG were measured by ELISA. Of
a total of 36 RT-PCR positive samples (75%), 27 were identified as delta variants, with one carrying an
additional Q677H mutation and two with single nucleotide substitutions at position 23029 (compared
to Wuhan-Hu-1 reference NC 045512) in the genome sequence. Three (8.3%) were identified as
beta variants, two (5.5%) were identified as alpha variants, three (8.3%) were identified as having a
B.1.1.318 lineage, and one sample was identified as an eta variant (B.1.525) carrying an additional
V687L mutation. The trend of higher viral load (lower Cp values) among delta variants than in the
alpha and beta variants was of borderline statistical significance (p = 0.045). Prospective studies
with larger Bangladeshi cohorts are warranted to confirm the emergence of S-protein mutations
and their association with antibody response in natural infection and potential breakthrough in
vaccinated subjects.

Keywords: SARS-CoV-2; delta variant; Bangladesh; anti-S-protein IgG; anti-N-protein IgG; amino
acid mutations; single nucleotide polymorphism; RT-PCR; VirSNiP; sequencing

1. Introduction

The severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), first identified in
Wuhan province, China, in December 2019, has become responsible for the Corona-virus
disease 2019 (COVID-19) pandemic, causing over five million reported COVID-19 deaths
worldwide, of which 25% are reported from the United States and India [1]. The global
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impact of COVID-19 on human health and human mobility is evidenced by the disruption
in social, psychological, and economic well-being in almost all countries of the world.
The swift response of government–industry partnerships in the development, clinical
evaluation, and fast-track emergency use authorization of SARS-CoV-2 vaccines in 2020
was followed by a coordinated effort in vaccine manufacturing and distribution [2–4]. Six
billion dosages of vaccines were administered between January 2021 and the date of this
manuscript submission [1]. The expectation of “reaching herd immunity” and preventing
the transmission of SARS-CoV-2 viruses through vaccination is thwarted by asymmetries
in vaccine supply between high- and low-income countries and the lack of resources for
the frozen storage and cold-chain distribution of mRNA vaccines in Africa and Asia [5]. In
low-income countries with high population density, government-mandated lockdown and
social distancing orders are often impractical to implement [6,7]. In high-income countries,
political lobbies and social media have spread confusion and misinformation over vaccines
and face covering [8]. These socioeconomic and behavioral factors have affected the rates
of SARS-CoV-2 transmission and community-spread of SARS CoV-2 strains predicted by
non-vector borne susceptible, infected, and recovered (SIR) models [9].

The SARS-CoV-2 reference sequence has undergone genetic changes since 2019, raising
speculation that variants are emerging capable of immune evasion and resisting treatment
and vaccines [10–13]. The Global Initiative on Sharing All Influenza Data (GISAD) intro-
duced a nomenclature system to assign SARS-CoV2 mutations according to clades [14].
Based on the SARS-CoV-2 genome sequences, a software tool termed Phylogenetic Assign-
ment of Named Global Outbreak (PANGO) Lineages was developed to classify the genetic
lineages [15–17]. The SARS CoV-2 variant classifications and definitions were initially intro-
duced as variants of concern (VoC) or variant of interest (VoI) and subsequently expanded
to include variants under investigation (VUI) or variants being monitored (VBM) by the
Center of Disease Control Atlanta (CDC) [18] and Public Health England (PH) [19]. The
labels alpha, beta, gamma, delta, and eta were designated by the world health organization
(WHO) [20].

The commercially approved COVID-19 vaccines and many of the COVID-19 vaccine
candidates currently under development are derived from the first available SARS-CoV-2
S-protein angiotensin converting enzyme-2 (ACE-2) receptor sequences of Wuhan genome
NC045512.2 [10,11].

The question of whether not the delta variant carries S-protein amino acid mutations,
which contribute to greater transmissibility than alpha or beta variants and hinder vaccine
efficiency, is a topic of major concern [21,22]. The effectiveness of COVID-19 vaccines
BNT162b2 or ChAdOx1 nCoV-19 in the United Kingdom were evaluated retrospectively in
14,387 alpha variant infections and 4272 delta variant infections. With BNT162b2 vaccines,
the effectiveness of two doses was 93.7% among persons with the alpha variant and 88%
among persons with the delta variant [23]. With ChAdOx1 nCoV-19, the effectiveness of
two doses was 74.5% among persons with the alpha variant and 67% among those with
the delta variant.

On the 27 January 2021, the Oxford AstraZeneca vaccine manufactured at the Serum
Institute of India was introduced in Dhaka, and to date, 13 million out of the 164 million
Bangladeshi population have received their second vaccine dose [24]. In March 2021,
routine SARS CoV-2 RT-PCR screening of health care workers by the Child Health Research
Foundation (CHRF) in Dhaka confirmed the PANGO lineage B.1.351 (beta variant) by
genome sequencing [25]. Curiously, two of the four B.1.351 reported cases, without previ-
ous COVID-19 history, were breakthrough infections with SARS-CoV-2 RT-PCR positivity
on day 34 and day 36 after the first dose of the ChAdOx1 vaccine [25]. In March 2021, the
alpha variant positivity rate was 53% [26]. During April and May 2021, the beta variant
was detected among 90% of the SARS CoV-2 RT-PCR-positive cases, and in May and June
2021, the delta variant was first reported in Dhaka city [26].

Our single-center cross-sectional survey of SARS-CoV-2 variants in Dhaka has screened
for the spike protein mutations by single nucleotide polymorphism RT-PCR (VirSNiP test)



Viruses 2021, 13, 2310 3 of 12

and confirmed the mutations by sequencing. The titers of anti-spike protein and anti-
nucleocapsid protein antibodies were measured by ELISA. In this study, we detect SARS
CoV-2 variants circulating in unvaccinated subjects and show that the delta variant is
predominant in Dhaka city during the two-week period between 26 May and 6 June 2021.
The limited sample size is not sufficient to assess the statistical significance of the antibody
responses found among patients infected with SARS CoV-2 variants carrying rare amino
acid mutations in the spike protein sequence. The findings underscore the importance of
monitoring the emergence of SARS-CoV-2 variants during natural SARS-CoV-2 infection
in a low-income country with 3 percent of its population receiving COVID-19 vaccines.

2. Materials and Methods
2.1. Study Design and Sample Collections

This study is a cross-sectional single-center study on thirty-six Bangladeshi adults
testing RT-PCR SARS-CoV-2 positive with symptomatic COVID-19 between 26 May 2021
and 6 June 2021 at Dhaka Medical College. All cases were randomly selected for the survey
of SARS CoV-2 variants and had not received any COVID-19 vaccination. Nasopharyngeal
specimens were collected and stored at −80 ◦C in a virus collection and preservation
medium (Khang Jian Medical Apparatus Ltd., Taizhou, China) and transported on dry ice
to Germany. Serum samples matched to the date of swab collection, n = 36, and at follow-up
on day 13 or day 14, n = 28, or on day 17, n = 1, post onset of COVID-19 symptoms (POCS)
were kept at −20 ◦C storage in screw-tight cryopreservation vials (Greiner-bio one).

2.2. Quantification of Viral RNA

The viral RNA of nasopharyngeal specimens was extracted with a Magnapure 96
instrument (Roche, Mannheim, Germany) using the DNA and Viral nucleic acid kit (Roche,
Penzberg, Germany). The RNA concentration in each sample was determined by reverse
transcriptase polymerase chain reaction (RT-PCR) using the LightMix® Modular SARS-CE
assay (50-0776-96, TIB MolBiol, Berlin, Germany) and programming on 480II light cycler
(Roche, Penzberg, Germany). The point at which the amplification curve crossed the
vertical threshold line in the RT PCR cycle (Cp) was reported as positive if the sample Cp
was less than 40.

2.3. Screening of Spike Protein Mutations and Sequencing

The spike protein variants H69V70del, Y144del, T478K, K417N/T, P681R/H, E484K,
and N501Y were identified using a RT-PCR melting curve analysis targeting amino acid
mutations. The VirSNiP SARS-CoV-2 typing assays (TibMolBiol, Cat.-No. 53-0781-96,
53-0799-96, 53-0807-96, 53-0811-96, 53-0813-96) and LightCycler® Multiplex RNA Virus
Master (Roche Cat.-No. 06 754 155 001) were performed following the manufacturer’s
instructions. The six pairs of forward (F) and reverse (R) sequencing primers were de-
signed according to the SARS-CoV-2 reference strain NC_045512, resulting in overlapping
fragments covering 2.1 kb of the spike-gene (Supplementary Table S1). The amplification
conditions were as follows: RT at 55 ◦C for 5 min, activation for 2 min at 95 ◦C, 45 cycles
with 10 s at 95 ◦C, 20 s at 58 ◦C, and 30 s at 72 ◦C for product amplification. The amplified
products with 411–501 bp were purified with NucleoSpin Gel and PCR clean-up (Macherey-
Nagel, Düren, Germany), sequenced using the BigDye version 3.1 cycle sequencing kit
(Thermo Fisher Scientific Life Technologies GmbH, Waltham, MA, USA), and subjected
to an automated sequence analysis using the SeqStudio Genetic Analyser (Thermo Fisher
Scientific Inc., Waltham, MA, USA).

2.4. Bioinformatics

Sequence and phylogenetic analyses were conducted using software program MEGA
version X. The derived sequences were compared with the data from Global Initiative on
Sharing All Influenza Data (GISAID) database and analyzed according to the phylogenetic
assignment of named global outbreak (PANGO) lineages [27].
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2.5. Assessment of Anti-SARS CoV-2 Antibodies

The anti-SARS-CoV-2 spike (S) protein IgA and the anti-SARS-CoV-2 S-protein
IgG Quanti vac ELISA (EUROIMMUN Medizinische Labordiagnostika AG, Germany)
were measured according to the manufacturer’s instructions. The positive IgA reac-
tivity was reported as OD450nm − OD620nm > 0.22 and the positive anti-S-protein
IgG > 11 RU/mL IgG. The positive anti-nucleocapsid (N)-protein IgG reactivity was
according to the recommended cut-off value of NovaTec units (NTU) > 10 for posi-
tive results (Novatec Diagnostics, Dietzenbach, Germany); NTU = X × 10/QC, where
X = OD450 nm − OD620 nm of the test sample and QC = OD450 nm − OD620 nm of the
quality control equivocal serum sample. E > 10 NTU. All ELISA measurements were
performed on a Multiskan 96 well reader (Lot 357−706872, Thermofischer Scientific
Life Technologies, Darmstadt, Germany).

2.6. Statistical Analysis

The Cp values, the levels of the anti-SARS CoV-2 S-proteins IgA and IgG, and the
levels of the anti-N-protein IgG are presented as the mean with a standard deviation
and as medians with ranges. Comparisons of the values between patient groups were
assessed by a nonparametric Mann–Whitney sum rank test or Chi-square analysis. A
p value of ≤ 0.05 was considered statistically significant with differences between indepen-
dent groups. Correlation analyses were calculated with the Spearman’s rank correlation
coefficients. The correlation coefficients r > 0.4 or r < −0.4 with significance at p < 0.05
were considered strongly positive or strong negative associations, respectively. Statisti-
cal analysis was performed with MedCalc version 14 for Windows (MedCalc Software,
Mariakerke, Belgium).

3. Results
3.1. SARS CoV-2 Variants

Of the 36 (14%) RT-PCR-positive cases, 5 belonged to known variants: two alpha
(H69V70del and N501Y) and three beta (K417N, E484K, and N501Y), designated as
group 1 (Table 1). Of a total 36 RT-PCR-positive Dhaka COVID-19 cases, 27 (75%)
were identified as delta variants. Of the 27, 24 had amino acid substitutions G142D,
T478K, and P681R, matching the known delta variants in India, and were assigned
to group 2. The other 3 of the 27 delta variants had aberrant melting curves in the
VirSNiP SARS-CoV-2 typing assay and were assigned after sequencing to the group
3 “delta plus” (Table 1). The sequencing of spike gene fragments from these three
delta plus variants showed one carrying an additional Q677H mutation and the other
two car-rying single nucleotide substitutions C23045T compared with the reference
wild-type Hunan SARS-CoV-2 strain NC-045512 in the genome sequence (Figure 1 and
Table 2). The remaining 4 of the 36 (11%) RT-PCR-positive cases in group 4 were other
variants: three were matched to the PANGO lineage B.1.1.318, of which two carried
nucleotide substitution T23287C without amino acid change (Table 2). The variant of
interest (VOI), the eta variant belonging to the B.1.525 lineage, revealed a novel amino
acid substitution V687L in addition to A67V and Q677H (Table 2).

3.2. Bangladeshi COVID-19 Patient Characteristics

All thirty six of the enrolled SARS-CoV-2 RT-PCR patients were unvaccinated adults
with symptomatic COVID-19 in the Dhaka district. The group 1 alpha or beta SARS-CoV-2
variants presented clinical symptoms at similar frequency to the clinical symptoms of
group 2 delta SARS-CoV-2 variants, with the exception of loss of smell or taste, which was
reported at significantly higher frequencies among group 1 than group 2.

3.3. SARS CoV-2 Variant Viral Loads

The median Cp 24 of delta variants in group 2 is significantly lower than the median
Cp 31 of alpha or beta variants in group 1 (Table 1 and Figure 2). The variants in group



Viruses 2021, 13, 2310 5 of 12

3 and group 4 show a trend for lower Cp values than that of group 1, but the number of
cases is insufficient to assess if the differences in viral loads are of statistical significance.

Table 1. Patient characteristics. The patient characteristics in four groups of SARS-CoV-2 variants were compared. The
p-values are either the rank sum of median differences between group 1 versus group 2 in the Mann–Whitney independent
test or the difference in proportions between group 1 versus group 2 in the Chi-square analysis (b). Time points (A) = day 2
or 3 and (B) = day 13 or 14 post onset of COVID-19 symptoms (POCS). NR = not relevant.

Characteristics
SARS-CoV-2
Alpha, Beta

Group 1

SARS-CoV-2
Delta

Group 2

SARS-CoV-2
Delta Plus
Group 3

SARS-CoV-2
B.1.1.318, Eta

Group 4

p Value
1 vs. 2

Number of cases, N 5 24 3 4 NR
SARS CoV-2 Variant, % 14 67 8 11 0.03

Age as a median
(range), years 45 (30–55) 48 (29–87) 44 (32–55) 40 (28–52) 0.39 (b)

Gender, M/F 2/3 17/7 0/3 2/2 0.2
Hospitalized, n (%) 5 (100) 23 (96) 2 (67) 4 (100) 0.65

Oxygen support, n (%) 1 (20) 11 (46) 0 (0) 3 (75) 0.29
Difficulty breathing, n (%) 1 (20) 22 (46) 0 (0) 3 (75) 0.29

Days post onset of
COVID-19 symptoms as a

median (range)
3 (2–4) 2 (1–3) 2 (2–3) 2 (2–3) 0.65 (b)

COVID-19 symptoms
Fever, n (%) 5 (100) 23 (96) 3 (100) 3 (75) 0.9

Cough, n (%) 2 (40) 17 (71) 0 (0) 4 (100) 0.19
Shortness of breath, n (%) 1 (20) 11 (46) 1 (33) 2 (50) 0.29

Loss of taste or smell, n (%) 4 (80) 6 (25) 2 (67) 0 (0) 0.02
Muscle or body pain,

or headache 0 (0) 3 (13) 0 (0) 2 (67) 0.4

Viral RNA Cp median
(95% CI) 31 (26–32) 24 (19–27) 27 (23–31) 24 (19–30) 0.049 (b)

Number of cases, N 5 (A) 5 (B) 24 (A) 17 (B) 3 (A) 3 (B) 4 (A) 4 (B) NR
Antibody levels mean

OD450–620nm (SD)
Anti-S-protein IgA 3.7 (2) 4 (1) 2.8 (1.8) 2.5 (1.75) 3.4 (2.3) 3 (1.8) 1.4 (0.25) 2.3 (1.7) 0.37 (b)
Anti-S-protein IgG 1.9 (1) 2 (0.05) 1.96 (1) 2 (0.6) 2.3 (0.2) 1.9 (0.3) 0.65 (0.4) 1.7 (0.7) 0.9 (b)
Anti-N-protein IgG 1.8 (1) 1.9 (0.6) 1.6 (0.9) 1.6 (0.7) 1.3 (0.3) 1.3 (0.4) 0.9 (0.6) 1.6 (1) 0.73 (b)
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Table 2. Sequence analysis of SARS-CoV-2 lineages and variants. Five mutant sequences were identified and assigned
GISAID accession numbers. The rare amino acid (a.a.) mutations in two sequences and the single nucleotide substitutions
without a.a. substitutions that affected the melting curve in VirSNiP SARS-CoV-2 typing of the other three sequences are
highlighted in red.

Sample Nr PANGO
Lineage Variant

a.a. Substitution,
Sequenced Spike-
Protein Fragment

Nucleotide Substitution
without a.a. Substitution

GISAID
Accession-ID

09 B.1.1.318 T95I, del144, E484K,
D614G, P681H

C21846T, del21994-21996,
G23012A, T23287C, A23403G,

C23604A
EPI_ISL_2956623

16 B.1.1.318 T95I, del144, E484K,
D614G, P681H

C21846T, del21994-21996,
G23012A, T23287C, A23403G,

C23604A
EPI_ISL_2956624

28 B.1.617.2 Delta
G142D, E156G,

del157/158, L452R, T478K,
D614G, Q677H, P681R

G21987A, del22029-22034,
T22917G, C22995A, A23403G,

G23593T, C23604G
EPI_ISL_2956625

31 B.1.525 Eta
Q52R, A67V, del69/70,
del144, E484K, D614G,

Q677H, V687L

A21717G, C21762T,
del21766-21771,

del21994-21996, G23012A,
A23403G, G23593C, G23621T

EPI_ISL_2956628

39 B.1.617.2 Delta
G142D, E156G,

del157/158, L452R, T478K,
D614G, P681R

G21987A, del22029-22034,
T22917G, C22995A, C23029T,

A23403G, C23604G
EPI_ISL_2956629
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Figure 2. Viral loads for the SARS-CoV-2 variants. The viral RNA in each nasopharyngeal specimen
is quantified by the crossing point (Cp) on the RT-PCR amplification curve. The median, 95% CI, and
range of Cp values for the SARS-CoV-2 variants and B.1.1.318 PANGO lineage are represented by
box-whisker plots. The single Cp value of the eta variant belonging to the B.1.525 PANGO lineage is
represented by a filled triangle.

3.4. Antibody Responses in SARS-CoV-2 Variants

Antibodies were detected against both the spike (S) protein (Figure 3) and the nu-
cleocapsid (N) protein (Figure 4). Of the 24 (8%) delta variant cases, 2 gave the negative
anti-S-protein IgG. Only 1 of the 24 delta variant cases tested negative for both anti-S-protein
and anti-N-protein antibodies. The one case of eta variant B.1.525, although positive for
anti-S-protein IgG, gave no detectable anti-N-protein reactivity (Figure 4). One of the three
B.1.1.318 lineage cases were below the anti-S-protein cut-off on day 2 POCS (Figure 3D).
Anti-S-protein antibody seroconversion (negative reactivity on day 2 and positive reactivity
on days 16 or 17 POCS) was found in three cases: one beta variant (Figure 3A) and two
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delta variants (Figure 3B). The anti-S-protein IgA in the cases of alpha or beta variants of
group 1 show a trend for higher levels than anti-S-protein IgA levels of the delta variants
in group 2 (Table 1).
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Figure 3. Anti-S-protein antibody levels of SARS-CoV-2 variants. The anti-S-protein antibody
reactivity on day 2 or day 3 post COVID-19 onset of symptoms (POCS), and at follow up, day 16, or
day 17 POCS: (A) alpha and beta variants, (B) delta variant, (C) delta plus variants, and (D) variants
of the B.1.3.18 and B.1.525 PANGO lineages. Cut-off of Euroimmun Quant S-protein positivity
> 11 U/L.
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Figure 4. Anti-N-protein antibody levels of SARS-CoV-2 variants. The anti-N-protein IgG reactivity
for patients infected with COVID-19 variants described in Figure 2; a = day 2 or day 3 POCS, and
b = day 16 or day 17 PCOS. The horizontal dotted line indicates the cut-off for Novalisa positivity at
>10 NTU.
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To assess the associations between the levels of anti-N-protein versus anti-S-protein
antibodies, regression analyses were made on day 2 or day 3 and on day 16 or day 17 POCS.
The serum anti-N-protein IgG was positively correlated with the serum anti-S-protein IgG
at both time points (Figure 5). Curiously, the anti-S1-protein IgG by Euroimmun Quant
ELISA consistently gave higher activities above the cut-off than the activity of the anti-N-
protein IgG by Novalisa, both on day 2 or day 3 and on day 14 post onset of COVID-19
symptoms (POCS).
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Figure 5. Association of anti-N-protein and anti-S-protein antibodies. The scatter plot and linear
regression analyses of anti-N-protein versus anti-S-protein antibody levels. (A) Day 2 or day 3 PCOS;
r = 2.7 (95% CI 1.7–3.75) p = 0.0001. (B) Day 16 or 17 POCS; r = 2.3 (95% CI 1.8–3.4), p = 0.0002.
The dotted vertical and horizontal lines represent the cut-offs for positive reactivity in the respec-
tive ELISAs.

4. Discussion

The extensive genomic surveillance of SARS CoV-2 viral isolates in Bangladesh
throughout the pandemic is motivated by the urgency to identify the next strains of
SARS CoV-2 carrying S-protein mutations or other genetic changes [25–34]. In the first
and second pandemic waves in Bangladesh, the alpha and beta variants of the B.1.1.7 and
B.1.351 lineages were associated with an Ro of approximately 1.2 [27]. In the event that
viral transmissibility and COVID-19 severity were to increase and threaten the collapse
of the already fragile health care in the country, the government needs to rapidly imple-
ment lockdowns and to possibly develop vaccines derived from the novel SARS CoV-2
sequences [28].

The delta variant is estimated to have emerged in May 2021 in Bangladesh [26,33].
Our findings of 75% delta variant among COVID-19 patients testing SARS CoV-2 RT-PCR
positive between 26 May 2021 and 6 June 2021 strongly indicate that the delta variant is
well-established in Dhaka city at the time of this study and likely to be the predominant
variant in Bangladesh. There are currently 1.4 million delta variants deposited in the
GSAID database, of which 6818 carry the Q677H amino acid substitution; 291 of the Q677H
delta variants are reported from Asia and one entry was from Bangladesh. In this respect,
the Q677H delta variant in Dhaka city is a rare mutation. The Q677H is positioned adjacent
to the S1/S2 cleavage site. Its effect on cell tropism and transmissibility is predicted
by molecular modeling [34,35]. So far, there is no evidence that Q677H is dangerous
in terms of conferring increased SARS-CoV-2 viral pathogenicity or COVID-19 disease
severity [36,37]. The two delta variants carrying the C23029T single nucleotide substitution
is of no relevance for the virus pathology. This synonymous substitution caused irregular
melting temperatures of the E484K RT-PCR typing probe but the S-protein sequence is
identical to the known delta variant.

The amino acid mutations T95I, Y144del, E484K, D614G, and P681H of the B.1.1.318
lineage were first reported in Maurtius in March 2021 SARS CoV-2 [38]. To date, there are
three thousand B.1.1.318 sequences reported worldwide. The transmissibility of B.1.1.318
is comparable with that of the alpha variant. The eta variant belonging to the B.1.525
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PANGO lineage is classified by the European CDC as a variant under investigation (VUI).
The B.1.525 identified in this study carries a rare V687L mutation. The GSAID database
has a total of 967 sequences carrying V687L mutations out of 3.8 million total SARS CoV-
2 sequences. Only two eta entries have V687L (February 2021 Nigeria and May 2021
Indonesia). Further screening and sequencing of SARS CoV-2 viral isolates in Bangladesh is
needed to assess the frequency of Q677H in the delta variant and V687L in the eta variant.

The major limitation of our study is the low number of RT-PCR-positive COVID-19
cases investigated during the brief two-week sampling period. The positive anti-S protein
IgG and anti-N protein IgG on the day of RT-PCR positive nasopharyngeal swab and on day
16 or day 17 post onset of COVID-19 symptoms in 33 out of 36 COVID-19 patients indicate
prior SARS CoV-2 infection. Our finding is supported by reports of high anti-S protein
IgG on the day of positive swab among unvaccinated COVID-19 patients in the United
Kingdom having confirmed SARS-CoV-2 re-infection [39]. On this basis, we conclude
that the patients with the delta variant likely have pre-existing antibodies from either the
first Bangladesh pandemic wave in April to June 2020 [29–32] or the second Bangladesh
pandemic wave in March 2021, which were predominantly of the SARS CoV-2 alpha or
beta variants [25–28,40].

The Euroimmun Quant ELISA detects anti-S1 protein IgG that has been calibrated to
the antibody neutralizing activity assessed by the suppression of cytopathic effect on Vero
cells infected with the German SARS CoV-2 strain01/2020, lineage B.3. [41]. Thus neutraliz-
ing antibodies were not directly assessed in our study on unvaccinated Bangladeshi adults
with natural SARS CoV-2 infection. Although we assume the neutralizing antibodies are in
part represented by the anti-S1 protein IgG binding activity in the Euroimmun ELISA, we
cannot distinguish between anti-S-protein IgG directed against the delta variant versus
other variants.

Our finding of anti-N-protein IgG positively correlated with anti-S-protein IgG con-
firms the positive correlation previously reported for unvaccinated natural SARS CoV-2
infection [42] and are consistent with the anti-N-protein IgG levels in Novalisa previously
reported among Bangladeshi COVID-19 patients [43]. During the first 21 days POCS,
anti-N protein IgG levels are typically higher than the anti-S-protein IgG levels [42]. Anti-S
protein IgG reach peak levels at 21 days and remain positive beyond 180 days POCS [39].
This trajectory of antibody response may not necessarily apply for asymptomatic and
mild cases of COVID-19 which do not develop nucleocapsid antibodies or for populations
having SARS CoV-2 reinfection [39,44]. The S1-protein IgG Euroimmun ELISA reported
higher rates of sample positivity compared with the S protein IgG Novalisa or the S-protein
IgG automated immunoassays of Roche, Diasorin and Abbot [45]. In this respect, we are
cautious about interpreting the S-protein IgG levels and acknowledge the higher sensitivity
of Euroimmun ELISA for anti-S-protein IgG detection compared with the ELISA or the
automated immunoassays of other manufacturers.

5. Conclusions

The emergence of SARS CoV-2 variants in unvaccinated populations of low-income
countries is a complex process dependent on the coronvavirus-2 molecular epidemiology
and specific socioeconomic conditions. In many Bangladeshi households, the extended
families of grandparents, parents, and children often live together, which likely raises the
risk of viral transmission. Our findings on the Bangladeshi SARS CoV-2 delta variants
underscore the potential risk of under-vaccinated and under-monitored populations of
low-income countries regarding local public health and the global cooperative response
against pandemics.
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