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L E T T E R TO TH E ED I TOR

SARS‐CoV‐2 Delta variant infects ACE2low primary human
bronchial epithelial cells more efficiently than other variants

To the Editor,

The emergence of severe acute respiratory syndrome coronavirus

2 (SARS‐CoV‐2) Delta variant (B.1.617.2) has drastically altered

the landscape of the coronavirus disease 2019 (COVID‐19) pan-

demic.1 Despite a reported two‐to‐three‐fold reduction in neu-

tralizing antibody titers against the Delta variant in vaccinees,2,3

breakthrough infections are frequently noticed,4 raising the

possibility that the Delta variant has evolved mechanisms other

than escaping from vaccine‐ or natural infection‐induced im-

munity to become the dominant variant around the globe.5 In

consistence, experimental data do not predict the mutations

found in the Delta variant spike protein to confer the highest

affinity toward its receptor,6 the human angiotensin‐converting

enzyme 2 (ACE2). Several studies of the Delta variant spike

suggest that the P681R mutation at the furin cleavage site may

enhance the proteolytic processing of the protein and hence

renders unique features to the variant during entry.7–9

Here, we conducted a study to investigate the relationship

between ACE2 expression levels on human airway way cells and the

susceptibilities of these cells to pseudoviruses bearing the spike

protein of several SARS‐CoV‐2 variants. Under a protocol approved

by the Qiqihar Medical University Institutional Review Board, pri-

mary human bronchial epithelial cells (HBEpC) were collected by

brushing the epithelium of healthy nonsmokers during broncho-

scopy and cultured in bronchial epithelial cell growth medium

(BEGM; Lonza). Deidentified HBEp cells were immediately analyzed

for the surface expression of ACE2 by flow cytometric analysis

using an R&D Systems ACE2 antibody (FAB9332G). As these pri-

mary cells are composed of several cell types,10 including the basal

cell, secretory cell, Clara cell, and ciliated cell, and because we are

unable to sort individual cell populations due to rapid senescence,

only the mean fluorescence intensity (MFI) of ACE2 was quantified

in total cell populations from 12 donors. These cells were subse-

quently infected by lentiviral pseudo particles bearing the Spike

protein of the initial Wuhan‐Hu‐1 isolate (MN908947.3), the Alpha

(B.1.1.7), Beta (B1.351), Gamma (P.1), and the Delta variant

(B.1.617.2) (human codon‐optimized and synthesized by Genscript).

Pseudoviruses were produced by cotransfection of HEK 293T cells

with pCMV‐dR8.2 dvpr, pTRIP‐luc, and SARS‐CoV‐2 Spike expres-

sing plasmid using Lipofectamine 2000. The supernatants were

harvested at 72 h posttransfection and filtered through 0.45‐mm

membranes before use. As the spike protein of each variant differs

in pseudotyping efficiency, we, therefore, determined viral titer

using an endpoint titration assay; infection unit/ml is used to re-

present the titer of pseudoviruses. 105 infectious units of pseudo-

virus bearing each variant Spike protein were added to 105 HBEpC.

Forty‐eight hours later cells were lysed for firefly luciferase activity

measurement. The infectivity of pseudovirus bearing each variant

Spike protein is then plotted against the ACE2 level of HBEpC from

each donor using GraphPad Prism 8. As shown in Figure 1, the

infectivity of pseudoviruses bearing Spike protein of all variants in

general positively correlated with the ACE2 levels of HBEpC.

Strikingly, in ACE2low HBEpC, the pseudovirus bearing the Delta

variant spike protein displayed infectivity that is three‐fold higher

than that of the alpha variant and then five times higher than that of

the Beta (B1.351) and Gamma (P.1) variants. The difference is sta-

tistically significant. When the MFI of ACE2 is higher than 100,

there is no longer statistical significance among pseudoviruses

bearing spikes of different SARS‐CoV‐2 variants.

In summary, among the five major SARS‐CoV‐2 variants, including

the original Wuhan variant and Alpha, Beta, Gamma, and Delta, the Delta

variant spike protein appears to confer greater infectivity on primary

human airway cells in which only low levels of ACE2 are found. Our data

suggest that the Delta variant virus may be able to infect cells lining the

respiratory tract in individuals even when there is very little ACE2. Given

that Delta variant spike is not necessarily possessing a higher affinity

toward human ACE2,11 it may have gained the ability to rapidly fuse with

the plasma membrane of cells or via an unknown mechanism to gain

better entry. Regardless, our findings shed important light on under-

standing why the Delta variant exhibits greater transmissibility and has

become the predominant circulating SARS‐CoV‐2 variant in the world.
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F IGURE 1 Pseudovirus bearing Delta variant spike protein
infects ACE2low HBEpC to a higher level than other variants. HBEpC
from 12 different donors were measured for surface expression of
ACE2 by flow cytometric analysis and plotted on the x‐axis from low
to high. The corresponding infectivities of an equal amount of
pseudoviruses bearing the original Wuhan‐Hu‐1, Alpha, Beta,
Gamma, and Delta variant spike protein on cells from each donor
are plotted on the y‐axis. Statistical analysis was performed using
two‐way ANOVA, *p < 0. 05, **p < 0.01, ***p < 0.001
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