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Abstract 

Objectives To study clinical disease outcomes in both human and animal models to understand the pathogenicity 
of omicron compared to the delta variant.

Methods In this cross-sectional observational study, clinical outcomes of adults who tested positive at 2 testing 
centres in Delhi National Capital Region between January 2022 and March 2022 (omicron-infected; N = 2998) were 
compared to a similar geographical cohort (delta-infected; N = 3292). In addition, disease course and outcomes were 
studied in SARS-CoV-2-infected golden Syrian hamsters and K-18 humanized ACE2 transgenic mice.

Results Omicron variant infection was associated with a milder clinical course [83% (95% CI 61, 94) reduced risk 
of severity compared against delta] adjusting for vaccination, age, sex, prior infection and occupational risk. This cor-
related with lower disease index and vir comparing omicron with other variants in animal models.

Conclusions Infections caused by the omicron variant were milder compared to those caused by the delta variant 
independent of previous immunity.

Keywords Omicron, SARS-CoV-2, COVID-19, hamster, hACE2 transgenic mice

Introduction
The severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) B.1.1.529 variant, labelled as omicron, was 
first detected in South Africa in late November 2021 [1]. 
It has since rapidly spread globally, with over 1,841,834 
confirmed cases as of 1st March 2022. India reported 
its first omicron case on 2nd December 2021. Although 
genetic and molecular characteristics of SARS-CoV-2 
B.1.1.529 variant have been reported, its clinical charac-
teristics and disease outcomes are not well-known. A few 
reports from South Africa and UK have shown a milder 
course of COVID-19 infection due to omicron in com-
parison with the delta variant particularly due to a lower 
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incidence of viral pneumonia [1, 2]. It has been argued 
that acquired immunity following extensive vaccine cov-
erage and prior natural SARS-CoV-2 infection could be 
the dominant reasons for the reduced population-level 
severity of omicron infection. Data from CDC, USA also 
suggests that omicron leads to somewhat milder disease 
compared to delta but the overall deaths are similar due 
to the higher infectivity rate of the omicron variant [3]. 
Thus, we aimed to study outcomes in both human and 
animal models to decipher the pathogenicity of the omi-
cron variant. We compared the severity and clinical out-
comes of omicron and delta infections in humans after 
adjusting for vaccination and natural infections. To dis-
count the effect of acquired immunity and understand 
if the omicron variant is inherently less pathogenic or 
has less predilection for causing pneumonia, we further 
investigated the severity of delta and omicron infections 
in two animal models of SARS-CoV-2 infections.

Materials and methods
Clinical characteristics
Study design and participants
In this cross-sectional observational study, we analysed 
the clinical characteristics of 2998 adult participants 
who tested positive (via RT-PCR) at the laboratories of 
Translational Health Science and Technology Institute, 
Faridabad, India and Employee State Insurance Corpora-
tion Medical College and Hospital between January 2022 
and March 2022, coinciding with the surge dominated by 
the omicron variant in this geographical area (omicron 
cohort). These two centres contribute to over 90% of test-
ing in the specified geographic region [4]. The omicron 
surge was confirmed by the population-level genome 
surveillance data maintained by INSACOG, Govern-
ment of India, of which THSTI is a contributing mem-
ber. The data showed that the proportion of omicron 
variant infections ranged from 92.03% (January 2022) to 
100% (March 2022) in all the cases sampled during the 

study period (Fig.  1). These numbers were compared 
with a similar sample population taken during the surge 
driven primarily by the delta variant (March to May 
2021) comprising of 3292 test-positive individuals (delta 
cohort) from the same testing centres as part of a pre-
vious vaccine effectiveness study, where the study flow 
was described in detail [4]. The cohorts were developed 
through the Department of Biotechnology (DBT) consor-
tium for COVID-19 research which is an on-going ini-
tiative, conceived at the start of the pandemic in March 
2020 with the aim of rapid collection, assessment and 
dissemination of scientific information in all aspects per-
taining to the SARS-CoV-2 virus.

Data collection
Participants in both groups had their vaccination data 
(including vaccine name, number of doses, vaccination 
centre) and their respective clinical profile recorded 
during their respective disease course for features, such 
as presence of fever, sore throat, breathlessness, etc. 
This was recorded via telephonic interview by trained 
research staff with prior experience in such data collec-
tion. In addition, outcomes of severity like need for hos-
pitalisation, oxygen therapy, mechanical ventilation and 
intensive care unit (ICU) admission with their respective 
associated days were also recorded. These were deemed 
as indicators of diseaase severity and  progression.

Clinical Data Management and Quality control steps: 
The data were captured directly on electronic forms by 
the research team, and it was monitored real time by pre-
applied quality checks for missing data and discrepant 
data.

1. The clinical data was collected telephonically hence 
real time call monitoring was established to ensure 
quality. Recall in 10% of cases was done by research-
ers for the participants if real time monitoring could 
not be completed.

Fig. 1 Study flow for the selection of the omicron cohort
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2. Source data verification: the following source data 
were used for quality checks:

a. Name of Vaccine from available “vaccine certifi-
cate” shared by participant issued to them from 

the National COVID-19 vaccination (COWIN) 
portal or vaccination center

b. Date of vaccination dose from available “vaccine 
certificate” shared by participant issued to them 
from COWIN portal or vaccination center,

Table 1 Clinical and demographic characteristics of participants infected during delta- and omicron-driven surges

a No comparator available

Characteristic Delta cohort, N = 3292 Omicron cohort, N = 2998 P value

Age 35 (28, 45) 32 (26, 42) P < 0.01

Sex P = 0.14

 Female 1,099 (33%) 1089 (36%)

 Male 2,193 (67%) 1,909 (64%)

Vaccination status P < 0.001

 Both Doses 234 (7.1%) 2,386 (80%)

 Single dose 588 (18%) 471 (16%)

 Unvaccinated 2,470 (75%) 141 (4%)

Booster dose 0 (0%) 65 (2.7%)

Risk of occupational exposure P < 0.001

 Defense Staff 123 (3.7%) 98 (3.3%)

 Essential Services 90 (2.7%) 59 (2.0%)

 Hospital Staff 229 (7.0%) 319 (11%)

 Municipal Worker 54 (1.6%) 38 (1.3%)

 None 2796 (85%) 2,484 (83%)

Fever 2460 (74.7%) 1329 (44.3%) P < 0.001

Cough 1210 (36.7%) 1456 (48.56%) P < 0.001

Sore throat 1210 (36.7%) 1032 (34.4%) P < 0.001

Breathlessness 506 (15.3%) 117 (3.9%) P < 0.001

Headache 859 (26.1%) 412 (13.7%) P < 0.001

Gastrointestinal symptom 463 (14.1%) 39 (1.3%) P < 0.001

Comorbidity 408 (12.4%) 225 (7.5%) P < 0.001

Hospitalisation 167 (5.1%) 9 (0.3%) P < 0.001

Hospitalised subjects N = 167 N = 9 P < 0.001

Days of Hospitalisation 9.0 (5.0, 10.0) 4.0 (3.0, 5.0) P < 0.001

Oxygen Supplementation 99 (54%) 6 (66.7%) P < 0.001

Duration of oxygen therapy 7.5 (5.0, 12.0) 6.0 (4.2, 9.2) P < 0.001

ICU admission 28 (17%) 0 (0%) P < 0.001

Duration of ICU stay 5 (2.5,7.0) aNot applicable

Ventilator support (N) 5 (3%) 0 (0%) P < 0.001

Duration of ventilator support 3 (1.0, 9.5) aNot applicable

Death 12 (0.4%) 0 (0%) P < 0.001

Table 2 Multivariate logistic regression model for the differences in clinical presentation between the delta and omicron cohort

a Odd ratio adjusted for gender, age, vaccination status, profession with high risk of exposure, and any history of previous natural SARS-CoV-2 infection, respectively
b Severity was defined as a composite outcome variable considering need for hospitalisation, oxygen therapy, mechanical ventilation and intensive care unit (ICU) 
admission along with the respective days associated with each parameter

Parameter Adjusted odds ratio (OR)a 95% Confidence interval P value

Clinical  Severityb of omicron variant (reference—clinical severity of delta variant) 0.13 0.04–0.30 < 0.001
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c. Date of RT PCR test from testing center.
d. Symptomatic/Asymptomatic status of partici-

pants who were from the DBT consortium

Severity assessment of omicron and delta SARS‑CoV‑2 
infections in animal models
6–10-week-old golden Syrian hamsters were procured 
from National Institute of Nutrition (NIN, India) and 
quarantined for 1  week at small animal facility (SAF). 
K18-hACE2 transgenic mice (henceforth referred to 
as hACE2.Tg mice) were obtained from Jax Lab (US) 
and maintained at SAF. Hamsters (post quarantine) 
and 6–8-week-old hACE2.Tg mice were transferred to 
infectious disease research facility (IDRF) for Animal 
biosafety level-3 (ABSL-3) challenge study. The animals 
were housed under 12  h light and dark cycle and fed a 
standard diet ad  libitum. All the experimental proto-
cols, animal challenge and necropsy were approved by 
Translational Health Science and Technology Institute 
(THSTI) Institutional Animal Ethics Committee (IAEC), 
Institutional Biosafety (IBS) and Review Committee on 
Genetic Manipulation (RCGM).

Virus culture and titration
SARS-Related Coronavirus 2, Isolate USA-WA1/2020 
virus (Wuhan strain), Isolate hCoV-19/USA/
PHC658/2021 (delta variant) B.1.617.2 (NR-55611) 
and clinical isolate of SARS-CoV-2 variant Omicron 
(B.1.1.529) were grown and titrated in Vero E6 or Calu-3 
cell line. The virus stocks were plaque purified at IDRF 
facility, THSTI inside ABSL3 following institutional 
biosafety guidelines.

SARS‑CoV‑2 infection
All animals were randomly allotted to different groups 
(n = 5) and assigned uninfected group (UI), Wuhan infec-
tion group (2019-nCoV), delta infection group (B.1.617.2) 
and omicron infection group (B1.1.529). All animals, 
except the uninfected control group, were challenged 

with respective virus strains inside ABSL3. Briefly, ani-
mals  (6-8 weeks, mixed gender) were given intranasal 
infection with  105 pfu virus/animal under mild anaesthe-
sia condition as previously described [5–8]. Post-chal-
lenge the body mass of the animals was recorded daily for 
14 days (for hamsters) or 6 days (for hACE2 mice). Ham-
sters were sacrificed at 4  day post-infection (dpi), while 
hACE2. Tg mice were sacrificed at 6 dpi. One set of ham-
sters was left till 14 dpi for body mass changes.  All the 
animal challenge studies were approved by IAEC (proto-
col no. IAEC/THSTI/151), IBSC and RCGM.

Gross clinical parameters of SARS‑CoV‑2 infection
Lungs from the euthanized animals were excised and 
imaged for gross morphological changes. The right lower 
lobe of the lung was immediately fixed in a 10% neutral 
formalin solution and used for histological analysis. The 
remaining portion of the lung was homogenised in Trizol 
and used for RNA isolation and viral load estimation.

Histological analysis
Lungs: fixed lungs were processed and paraffin wax-
embedded blocks were transverse sectioned and stained 
with hematoxylin and eosin (H & E) dye. The H & E 
stained lung sections were then quantitatively examined 
under the microscope for pneumonia, alveolar epithe-
lial cell injury, inflammation, and lung injury on a scale 
of 0–5 by a trained pathologist who was blinded for the 
study. Scores for pneumonia, alveolar epithelial injury, 
lung injury, bronchitis and inflammation were given on 
a scale of 0–5, where 0 meant absence of feature, while 
5 represented maximum injury. The disease index score 
was calculated as an average of the total score. Images 
of the H&E stained lung sections were acquired at 40X 
magnifications.

Viral load
Homogenised lung samples in Trizol were used for RNA 
isolation using the Trizol-chloroform method as per the 
manufacturer’s protocol. Isolated lung RNA was quan-
titated by NanoDrop and 1  µg of total RNA was then 

Fig. 2 Pathological manifestations of Omicron (B.1.1.529) infection in Syrian hamster and hACE2.Tg mice. Pathological manifestations of intranasal 
Omicron (B.1.1.529) infection was evaluated and compared with ancestral Wuhan (nCoV-2019) and Delta (B.1.617.2) strain infection or uninfected 
(UI) in Syrian hamster and hACE2.Tg mice. The changes in body mass was plotted as percentage of the day 0 body mass till day 14 or 6 
post infection, respectively, for (A) hamster and (F) hACE2.Tg mice. The lungs of the sacrificed animals were harvested and images and thereafter, 
viral load and histopathology of the lungs were studied. B and G Shows representative lungs from individual groups at 4 dpi and 6 dpi from 
hamster and hACE2.Tg mice, respectively. C and H Viral load of the lungs at 4dpi and 6 dpi from hamster and hACE2.Tg mice, respectively. D–E 
and I–J Histopathological assessment of the HE stained lungs were carried out by trained pathologist by blinded scoring on the scale of 0–5 (where 
0 described no feature and 5 described highest pathological feature) of the lungs at 4 dpi and 6 dpi from hamster and hACE2.Tg mice, respectively. 
Each experiment was carried out with n = 5 animals and replicated 3 times independently. One-way ANOVA using non-parametric Kruskal–Wallis 
test for multiple comparison. ns = non-significant, *P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001

(See figure on next page.)
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reverse-transcribed to cDNA using the iScript cDNA 
synthesis kit (Biorad; #1708891) (Roche). Diluted cDNAs 
(1:5) were used for qPCR using KAPA  SYBR® FAST 

qPCR Master Mix (5X) Universal Kit (KK4600) on Fast 
7500 Dx real-time PCR system (Applied Biosystems) 
and the results were analysed with SDS2.1 software. 

Fig. 2 (See legend on previous page.)
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CDC-approved SARS-CoV-2 N gene primers: 5′-GAC 
CCC AAA ATC AGC GAA AT-3′ (Forward), 5′-TCT GGT 
TAC TGC CAG TTG AAT CTG -3′ (Reverse) were used 
for vial load calculation. For absolute quantitation, the 
known copy number of the virus RNA was used as a 
standard to generate the calibration curve.

Statistical analysis
For the human study, the clinical characteristics of the 
two respective virus surges in the population were com-
pared using a logistic regression model factoring in gen-
der, age, vaccination status, profession with high risk 
of exposure, and any history of previous natural SARS-
CoV-2 infection, respectively. The analysis were con-
ducted in R programming language. The animal model 
data was analysed and results were plotted using Graph 
pad prism 7.0 software. Body mass, gene expression, his-
tology scores were compared and analysed using one-way 
ANOVA using Tukey’s test. A P value of less than 0.05 
was considered as statistically significant.

Results
The distribution of age (median age 32 vs 35; omicron vs 
delta, respectively), sex (omicron group—Males = 1089, 
Females = 1909; delta—Males = 1099, Females = 2193), 
and high risk participants were similar in both the omi-
cron (n = 514) and delta (n = 496)-infected cohorts. As 
expected, the proportion of vaccinated individuals were 
higher in the omicron cohort: 2386 (80%) had received 
both doses of their vaccination and 471 (16%) had 
received their first dose of vaccination in comparison 
with the delta cohort: 234 (7.1%) had received both doses 
of their vaccination and 588 (18%) had received single 
dose (P < 0.001).

We observed a milder profile of COVID-19 during 
omicron-driven surge as compared with the delta-driven 
surge with only nine (0.3%) participants from omicron 
cohort requiring hospitalisation as compared to 167 
(5.1%) in the delta cohort. Six patients required oxygen 
support with none requiring intensive care or ventila-
tor support as compared to 99 (54% of the hospitalised 
subjects), 28 (16%), and 5 (2.8%), respectively, during 
the delta-driven surge. None in the omicron group and 
12 (0.4%) patients in the delta cohort died. The detailed 
comparison is presented in Table 1.

The vaccine uptake at the population level was much 
higher during omicron-driven surge as compared to the 
delta-driven surge which might have significantly con-
tributed to the reduction in the severity. Therefore, we 
adjusted for the difference in the vaccination rate, age, 
sex, prior SARS-CoV-2 infection and risk of occupational 

exposure in a multivariable regression and found that 
the omicron-driven infections were associated with 83% 
(95% CI 61, 94) reduced risk of severity. The same has 
been summarized in Table 2.

The disease course and outcomes of SARS-CoV-2 
infection were also studied in golden Syrian hamsters 
and hACE2.Tg mice following intranasal challenge as 
previously described [5, 9]. The body mass of ham-
sters was recorded and plotted as a percentage  change 
of day 0 body mass of the same animal. The percentage 
change in body mass data showed a gradual and com-
parable decrease in body mass of both ancestral Wuhan 
SARS-CoV-2 strain (2019-nCoV) and delta SARS-CoV-2 
variant (B1.617.2) challenged hamsters. As compared 
to the uninfected (UI) control, hamsters challenged 
with Wuhan SARS-CoV-2 strain (2019-nCoV) and delta 
SARS-CoV-2 variant (B1.617.2) lost approximately 10% 
of body weight, while hamsters challenged with omicron 
SARS-CoV-2 variant (B.1.1.529) lost approximately 5% of 
body weight by 6-day post-infection (dpi). Post 6 dpi, ani-
mals from all the challenged groups continuously gained 
weight till 14 dpi suggesting a steady recovery from the 
disease (Fig. 2A). In line with changes in the body mass, 
the excised lungs of Wuhan or delta strain-infected 
hamsters showed prominent regions of inflammation 
and pneumonia as compared to the UI control lung at 4 
dpi. However, the lungs of omicron-infected hamsters 
showed significantly lesser regions of inflammation and 
pneumonia (Fig.  2B). The lung viral load was estimated 
by N gene copy number and was found to be significantly 
higher in B.1.617.2 infection than in other SARS-CoV-2 
strains infection groups at 4 dpi. Notably, B.1.1.529 infec-
tion resulted in two-folds lower (on log10 scale) lung viral 
load as compared to 2019-nCoV or B.1.617.2 infection 
in hamsters (Fig. 2C). Blinded assessment of lung histol-
ogy showed a marked increase in pneumonia, alveolar 
epithelial injury, bronchitis, inflammation and overall 
lung injury scores in all the challenged groups as com-
pared to UI control at 4 dpi. However, the overall disease 
index score of B.1.1529  infected animals  were 25–30% 
lesser than the 2019-nCoV or B.1.617.2 infected animals 
(Fig.  2D, E). A challenge study was also performed in 
hACE2.Tg mice which is a lethal model for SARS-CoV-2 
infection [10]. We found a rapid loss in body mass post 
challenge for all the strains in hACE2 mice with 2019-
nCoV or B.1.617.2 showing 25–30% decrease in body 
mass and B.1.1.529 showing approximately 10% decrease 
in body mass when compared to the UI control group 
(Fig.  2F). The excised lungs from infected hACE2 mice 
showed prominent features of inflammation and pneu-
monia as compared to the lungs of UI group (Fig.  2G). 
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However, when compared to the 2019-nCoV-infected 
group the disease index score of B.1.1529 group was 
20–25% lesser than the 2019-nCoV scores (Fig.  2I, J). 
Lung viral load data from infected groups showed sig-
nificantly higher viral loads in all the challenged strain 
groups; however, B.1.1.529 group had approximately two-
folds (on log10 scale) lower lung viral load as compared 
to 2019-nCoV- or B.1.617.2-infected hamsters (Fig. 2H).

Discussion
Delta variant of the SARS-CoV-2 virus was more patho-
genic and virulent than the ancestral virus, leading to 
reduced real-world vaccine effectiveness [11]. In this 
study, we demonstrate clinically that the infections attrib-
uted to omicron variant were milder than those of delta 
variant, independent of the immunisation status and pre-
vious history of COVID-19. We corroborated these clini-
cal findings with animal experiments to show the lower 
pathogenicity of omicron variant. The hamsters chal-
lenged with omicron SARS-CoV-2 variant (B.1.1.529) 
demonstrated lower loss of body weight, inflamma-
tion and lung viral load compared to the B1.617.2 vari-
ant which corroborated with the previously published 
reports [12, 13].

The COVID-19 surge in the months of March–June 
2021 was dominated by the delta variant, with high 
rates of hospitalization, critical care and deaths [11, 14]. 
While the reduction in severity with the omicron variant 
infections as compared to those of delta was consistent 
with studies from South Africa, the incidence of severe 
outcomes among omicron infections were lower in our 
participants as compared with those in South Africa [2, 
15, 16]. One of the key reasons to explain the distinct 
reduction in severe outcomes would be difference in 
seroprevalence between these populations. The other key 
reason which could explain the difference in the clinical 
outcomes was the higher distribution of comorbidities 
including HIV positivity in the South African popula-
tion. It is well-documented that patients with co-mor-
bidities tend to have poorer COVID-19 disease prognosis 
[17–19].

It is also important to consider that the population 
under study in 2021 had lower vaccination coverage and 
lower seropositivity. This would have also contributed to 
the higher proportions of adverse outcomes recorded in 
2021 as compared to the omicron-led infections in 2022. 
Our results after statistical adjustment suggests that the 
omicron infections could be milder than delta infections 
independent of vaccination or prior SARS-CoV-2 infec-
tion. This is corroborated by the milder pathogenetic 
changes in the lungs of the animals infected with the 
omicron variant as compared to the delta variant. This 
corroboration is a major strength of the study.

We need to be cognisant of a potential limitation. The 
information on prior infection was collected by history 
which might have missed some mild or asymptomatic infec-
tions. However, we believe that the effect of such a residual 
confounding on our conclusion would be negligible.

In summary, the omicron infections were inherently 
milder than the delta variant infections presumably due 
to the reduced pulmonary pathogenicity of the virus, 
independent of the protective effect of vaccination and 
prior SARS-CoV-2 infections. This inherent mildness 
might have synergistically acted with wider vaccination 
and thus led to the lower adverse outcomes during the 
omicron surge globally.

Acknowledgements
We acknowledge the technical supports by Neeta Adhikari, Virendra Singh 
and Vinayaka Das. We also acknowledge Bill and Melinda Gates Foundation 
for personnel support during the conduct of this study. Dr Pramod Garg is 
supported by the JC Bose fellowship by the Science and Engineering Research 
Board (SERB), Department of Science and Technology, Government of India.

Author contributions
PKG conceptualised and designed the study. RT and SB designed the study for 
clinical objectives., AA designed the study for laboratory objectives. ZAR, JD 
designed, performed, and analysed the animal models. SR, DRM, MG, AKP, NW 
and SB coordinated clinical data collection and retrieval. SS and AA provided 
resources. RT, SR and A conducted data analyses. SR, ZAR, RT, AA & PKG verified 
the data, compiled the results, and wrote the manuscript. All authors had full 
access to all the data in the study and had final responsibility for the decision 
to submit for publication.

Funding
This research was supported by Ind-CEPI grant (102/IFD/SAN/5477/2018–
2019), COVID-19 therapeutics grant (BT/CTH0004/CTH/01/20), COVID Suraksha 
grant (BT/CS0054/05/21), Bill & Melinda Gates Foundation, Seattle, WA (INV-
030592) and COVID-19 Bioresource grant (BT/PR40401/BIOBANK/03/2020) 
to Translational Health Science and Technology Institute, Faridabad by the 
Department of Biotechnology. The work is partly supported by CEPI through 
the project titled “Multi-epitope nanoparticle based broadly protective Beta 
coronavirus candidate vaccine”. Funding support from THSTI intramural grant 
is also acknowledged. The funders of the study had no role or contribution in 
study design, data collection and analysis, interpretation, or report writing.

Availability of data and materials
Data presented in the paper would be made available on request.

Declarations

Ethics approval and consent to participate
This observational cohort study was approved by the Institute Ethics Com-
mittees of the partnering institutions: ‘Institutional Ethics Committee—Bio-
medical and Health Research’, Translational Health Science and Technology 
Institute and ‘Institutional Ethics Committee’, ESIC Medical College & Hospital, 
Faridabad. All the experimental protocols, animal challenge and necropsy 
were approved by Translational health Science and Technology Institute 
(THSTI) Institutional Animal Ethics Committee (IAEC), Institutional Biosafety 
(IBS) and Review Committee on Genetic Manipulation (RCGM). Informed con-
sent was obtained from all individual participants included in the study.

Consent for publication
Not applicable as no patient identifiable data are presented in this paper.

Competing interests
The authors declare no competing interests.



Page 8 of 8Thiruvengadam et al. European Journal of Medical Research          (2023) 28:421 

Received: 10 November 2022   Accepted: 18 September 2023

References
 1. Viana R, Moyo S, Amoako DG, Tegally H, Scheepers C, Althaus CL, Anyaneji 

UJ, Bester PA, Boni MF, Chand M, Choga WT, Colquhoun R, Davids M, 
Deforche K, Doolabh D, du Plessis L, Engelbrecht S, Everatt J, Giandhari 
J, Giovanetti M, Hardie D, Hill V, Hsiao NY, Iranzadeh A, Ismail A, Joseph 
C, Joseph R, Koopile L, Kosakovsky Pond SL, Kraemer MUG, Kuate-Lere 
L, Laguda-Akingba O, Lesetedi-Mafoko O, Lessells RJ, Lockman S, Lucaci 
AG, Maharaj A, Mahlangu B, Maponga T, Mahlakwane K, Makatini Z, 
Marais G, Maruapula D, Masupu K, Matshaba M, Mayaphi S, Mbhele N, 
Mbulawa MB, Mendes A, Mlisana K, Mnguni A, Mohale T, Moir M, Moruisi 
K, Mosepele M, Motsatsi G, Motswaledi MS, Mphoyakgosi T, Msomi N, 
Mwangi PN, Naidoo Y, Ntuli N, Nyaga M, Olubayo L, Pillay S, Radibe B, 
Ramphal Y, Ramphal U, San JE, Scott L, Shapiro R, Singh L, Smith-Law-
rence P, Stevens W, Strydom A, Subramoney K, Tebeila N, Tshiabuila D, Tsui 
J, van Wyk S, Weaver S, Wibmer CK, Wilkinson E, Wolter N, Zarebski AE, 
Zuze B, Goedhals D, Preiser W, Treurnicht F, Venter M, Williamson C, Pybus 
OG, Bhiman J, Glass A, Martin DP, Rambaut A, Gaseitsiwe S, von Gottberg 
A, de Oliveira T. Rapid epidemic expansion of the SARS-CoV-2 Omicron 
variant in southern Africa. Nature. 2022;603(7902):679–86. https:// doi. org/ 
10. 1038/ s41586- 022- 04411-y.

 2. Maslo C, Friedland R, Toubkin M, Laubscher A, Akaloo T, Kama B. Charac-
teristics and outcomes of hospitalized patients in South Africa during the 
COVID-19 omicron wave compared with previous waves. JAMA. 2021. 
https:// doi. org/ 10. 1001/ jama. 2021. 24868.

 3. CDC, Omicron Variant: What You Need to Know, Centers for Disease Con-
trol and Prevention. 2022. https:// www. cdc. gov/ coron avirus/ 2019- ncov/ 
varia nts/ omicr on- varia nt. html Accessed 2 March 2022.

 4. Thiruvengadam R, Awasthi A, Medigeshi G, Bhattacharya S, Mani S, Sivas-
ubbu S, Shrivastava T, Samal S, Murugesan DR, Desiraju BK, Kshetrapal P, 
Pandey R, Scaria V, Kumar Malik P, Taneja J, Binayke A, Vohra T, Zaheer A, 
Rathore D, Ahmad Khan N, Shaman H, Ahmed S, Kumar R, Deshpande S, 
Subramani C, Wadhwa N, Gupta N, Pandey AK, Bhattacharya J, Agrawal A, 
Vrati S, Bhatnagar S, Garg PK. Department of biotechnology india consor-
tium for COVID-19 research, effectiveness of ChAdOx1 nCoV-19 vaccine 
against SARS-CoV-2 infection during the delta (B.1.617.2) variant surge 
in India: a test-negative, case-control study and a mechanistic study of 
post-vaccination immune responses. Lancet Infect Dis. 2021. https:// doi. 
org/ 10. 1016/ S1473- 3099(21) 00680-0.

 5. Rizvi ZA, Dalal R, Sadhu S, Binayke A, Dandotiya J, Kumar Y, Shrivastava T, 
Gupta SK, Aggarwal S, Tripathy MR, Rathore DK, Yadav AK, Medigeshi GR, 
Pandey AK, Samal S, Asthana S, Awasthi A. Golden Syrian hamster as a 
model to study cardiovascular complications associated with SARS-CoV-2 
infection. Elife. 2022;11:e73522. https:// doi. org/ 10. 7554/ eLife. 73522.

 6. Parray HA, Narayanan N, Garg S, Rizvi ZA, Shrivastava T, Kushwaha S, 
Singh J, Murugavelu P, Anantharaj A, Mehdi F, Raj N, Singh S, Dandotiya 
J, Lukose A, Jamwal D, Kumar S, Chiranjivi AK, Dhyani S, Mishra N, Kumar 
S, Jakhar K, Sonar S, Panchal AK, Tripathy MR, Chowdhury SR, Ahmed S, 
Samal S, Mani S, Bhattacharyya S, Das S, Sinha S, Luthra K, Batra G, Sehgal 
D, Medigeshi GR, Sharma C, Awasthi A, Garg PK, Nair DT, Kumar R. A 
broadly neutralizing monoclonal antibody overcomes the mutational 
landscape of emerging SARS-CoV-2 variants of concern. PLoS Pathog. 
2022;18:e1010994. https:// doi. org/ 10. 1371/ journ al. ppat. 10109 94.

 7. Sadhu S, Dalal R, Dandotiya J, Binayke A, Singh V, Tripathy MR, Das V, 
Goswami S, Kumar S, Rizvi ZA, Awasthi A. IL-9 aggravates SARS-CoV-2 
infection and exacerbates associated airway inflammation. Nat Commun. 
2023;14:4060. https:// doi. org/ 10. 1038/ s41467- 023- 39815-5.

 8. Rizvi ZA, Babele P, Madan U, Sadhu S, Tripathy MR, Goswami S, Mani S, 
Dikshit M, Awasthi A. Pharmacological potential of Withania somnifera 
(L.) Dunal and Tinospora cordifolia (Willd.) Miers on the experimental 
models of COVID-19, T cell differentiation, and neutrophil functions. Front 
Immunol. 2023. https:// doi. org/ 10. 3389/ fimmu. 2023. 11382 15.

 9. Winkler ES, Bailey AL, Kafai NM, Nair S, McCune BT, Yu J, Fox JM, Chen 
RE, Earnest JT, Keeler SP, Ritter JH, Kang L-I, Dort S, Robichaud A, Head R, 
Holtzman MJ, Diamond MS. SARS-CoV-2 infection of human ACE2-trans-
genic mice causes severe lung inflammation and impaired function. Nat 
Immunol. 2020;21:1327–35. https:// doi. org/ 10. 1038/ s41590- 020- 0778-2.

 10. Rizvi ZA, Sadhu S, Dandotiya J, Binyka A, Sharma P, Singh V, Das V, Khatri 
R, Kumar R, Samal S, Kalia M, Awasthi A. SARS-CoV-2 and its variants, but 
not Omicron, induces thymic atrophy and impaired T cell development. 
BioRxiv. 2022. https:// doi. org/ 10. 1101/ 2022. 04. 07. 487556.

 11. Thiruvengadam R, Binayke A, Awasthi A. SARS-CoV-2 delta variant: a 
persistent threat to the effectiveness of vaccines. Lancet Infect Dis. 2021. 
https:// doi. org/ 10. 1016/ S1473- 3099(21) 00697-6.

 12. Diamond M, Halfmann P, Maemura T, Iwatsuki-Horimoto K, Iida S, Kiso M, 
Scheaffer S, Darling T, Joshi A, Loeber S, Foster S, Ying B, Whitener B, Floyd 
K, Ujie M, Nakajima N, Ito M, Wright R, Uraki R, Li R, Sakai Y, Liu Y, Larson 
D, Osorio J, Hernandez-Ortiz J, Čiuoderis K, Florek K, Patel M, Bateman A, 
Odle A, Wong L-Y, Wang Z, Edara VV, Chong Z, Thackray L, Ueki H, Yamay-
oshi S, Imai M, Perlman S, Webby R, Seder R, Suthar M, Garcia-Sastre A, 
Schotsaert M, Suzuki T, Boon A, Kawaoka Y, Douek D, Moliva J, Sullivan N, 
Gagne M, Ransier A, Case J, Jeevan T, Franks J, Fabrizio T, DeBeauchamp J, 
Kercher L, Seiler P, Singh G, Warang P, Gonzalez-Reiche AS, Sordillo E, van 
Bakel H, Simon V. The SARS-CoV-2 B.1.1.529 Omicron virus causes attenu-
ated infection and disease in mice and hamsters. Res Sq. 2021. https:// 
doi. org/ 10. 21203/ rs.3. rs- 12117 92/ v1.

 13. Abdelnabi R, Foo CS, Zhang X, Lemmens V, Maes P, Slechten B, Rayme-
nants J, André E, Weynand B, Dallmeier K, Neyts J. The omicron (B.1.1.529) 
SARS-CoV-2 variant of concern does not readily infect Syrian hamsters. 
Antiviral Res. 2022;198: 105253. https:// doi. org/ 10. 1016/j. antiv iral. 2022. 
105253.

 14. Duerr R, Dimartino D, Marier C, Zappile P, Levine S, François F, Iturrate E, 
Wang G, Dittmann M, Lighter J, Elbel B, Troxel AB, Goldfeld KS, Heguy A. 
Clinical and genomic signatures of rising SARS-CoV-2 Delta breakthrough 
infections in New York. MedRxiv. 2021. https:// doi. org/ 10. 1101/ 2021. 12. 
07. 21267 431.

 15. Cloete J, Kruger A, Masha M, du Plessis NM, Mawela D, Tshukudu M, 
Manyane T, Komane L, Venter M, Jassat W, Goga A, Feucht U. Rapid rise 
in paediatric COVID-19 hospitalisations during the early stages of the 
Omicron wave, Tshwane District, South Africa. MedRxiv. 2021. https:// doi. 
org/ 10. 1101/ 2021. 12. 21. 21268 108.

 16. Davies M-A, Kassanjee R, Rosseau P, Morden E, Johnson L, Solomon W, 
Hsiao N-Y, Hussey H, Meintjes G, Paleker M, Jacobs T, Raubenheimer P, 
Heekes A, Dane P, Bam J-L, Smith M, Preiser W, Pienaar D, Mendelson M, 
Naude J, Schrueder N, Mnguni A, Roux SL, Murie K, Prozesky H, Mahomed 
H, Rossouw L, Wasserman S, Maughan D, Boloko L, Smith B, Taljaard 
J, Symons G, Ntusi N, Parker A, Wolter N, Jassat W, Cohen C, Lessells R, 
Wilkinson RJ, Arendse J, Kariem S, Moodley M, Vallabhjee K, Wolmarans 
M, Cloete K, Boulle A. O Behalf of the W.C. and S.A.N.D. of H. in collabora-
tion with the N.I. for C.D. in S. Africa, Outcomes of laboratory-confirmed 
SARS-CoV-2 infection in the Omicron-driven fourth wave compared with 
previous waves in the Western Cape Province, South Africa. MedRxiv. 
2022. https:// doi. org/ 10. 1101/ 2022. 01. 12. 22269 148.

 17. Sanyaolu A, Okorie C, Marinkovic A, Patidar R, Younis K, Desai P, Hosein Z, 
Padda I, Mangat J, Altaf M. Comorbidity and its impact on patients with 
COVID-19. SN Compr Clin Med. 2020;2:1069–76. https:// doi. org/ 10. 1007/ 
s42399- 020- 00363-4.

 18. Krutikov M, Stirrup O, Nacer-Laidi H, Azmi B, Fuller C, Tut G, Palmer T, Shro-
tri M, Irwin-Singer A, Baynton V, Hayward A. Outcomes of SARS-CoV-2 
omicron infection in residents of long-term care. MedRxiv. 2022. https:// 
doi. org/ 10. 1101/ 2022. 01. 21. 22269 605.

 19. Modes ME, Directo MP, Melgar M, Johnson LR, Yang H, Chaudhary P, 
Bartolini S, Kho N, Noble PW, Isonaka S, Chen P. Clinical characteristics 
and outcomes among adults hospitalized with laboratory-confirmed 
SARS-CoV-2 infection during periods of B.1.617.2 (Delta) and B.1.1.529 
(Omicron) Variant Predominance—One Hospital, California, July 15–Sep-
tember 23, 2021, and December 21, 2021–January 27, 2022. Morb Mortal 
Wkly Rep. 2022;71:217–23. https:// doi. org/ 10. 15585/ mmwr. mm710 6e2.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1038/s41586-022-04411-y
https://doi.org/10.1038/s41586-022-04411-y
https://doi.org/10.1001/jama.2021.24868
https://www.cdc.gov/coronavirus/2019-ncov/variants/omicron-variant.html
https://www.cdc.gov/coronavirus/2019-ncov/variants/omicron-variant.html
https://doi.org/10.1016/S1473-3099(21)00680-0
https://doi.org/10.1016/S1473-3099(21)00680-0
https://doi.org/10.7554/eLife.73522
https://doi.org/10.1371/journal.ppat.1010994
https://doi.org/10.1038/s41467-023-39815-5
https://doi.org/10.3389/fimmu.2023.1138215
https://doi.org/10.1038/s41590-020-0778-2
https://doi.org/10.1101/2022.04.07.487556
https://doi.org/10.1016/S1473-3099(21)00697-6
https://doi.org/10.21203/rs.3.rs-1211792/v1
https://doi.org/10.21203/rs.3.rs-1211792/v1
https://doi.org/10.1016/j.antiviral.2022.105253
https://doi.org/10.1016/j.antiviral.2022.105253
https://doi.org/10.1101/2021.12.07.21267431
https://doi.org/10.1101/2021.12.07.21267431
https://doi.org/10.1101/2021.12.21.21268108
https://doi.org/10.1101/2021.12.21.21268108
https://doi.org/10.1101/2022.01.12.22269148
https://doi.org/10.1007/s42399-020-00363-4
https://doi.org/10.1007/s42399-020-00363-4
https://doi.org/10.1101/2022.01.21.22269605
https://doi.org/10.1101/2022.01.21.22269605
https://doi.org/10.15585/mmwr.mm7106e2

	Clinical and experimental evidence suggest omicron variant of SARS-CoV-2 is inherently less pathogenic than delta variant independent of previous immunity
	Abstract 
	Objectives 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Clinical characteristics
	Study design and participants
	Data collection
	Severity assessment of omicron and delta SARS-CoV-2 infections in animal models
	Virus culture and titration
	SARS-CoV-2 infection
	Gross clinical parameters of SARS-CoV-2 infection
	Histological analysis
	Viral load

	Statistical analysis
	Results

	Discussion
	Acknowledgements
	References


