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Objectives: We aimed to characterize and compare the viral loads (VL) of the Omicron BA.1 and BA.2 lin-
eages and the Delta variant in nasopharyngeal samples from newly diagnosed COVID-19 patients and
their kinetics over time.
Patients and methods: The kinetics of the VL were measured on the CT data from 215 SARS-CoV-2 positive
patients who presented at least two positive PCRs a day apart and were screened for SARS-CoV-2 viral
lineages.
Results: We observed no significant difference in median CT value during the first diagnostic test
between the Delta variant and the two Omicron lineages. However, the kinetics of CT decreases for the
BA.1 and BA.2 lineage were significantly lengthier in time than the kinetics for the Delta variant. The
BA.2 lineage presented lower median CT value (-2 CT) (inversely proportional to the VL) than the BA.1
lineage.
Conclusions: BA.2 Omicron lineage presented higher VL than BA.1 Omicron lineage at diagnostic. Omicron
BA.1 and BA.2 lineages have more prolonged replication than the Delta variant.
We have previously shown that the Delta variant presented a
viral load (VL) 5 times higher than the historical variants [1]. At
the end of 2021, a new variant, B.1.1.529 (BA.1 lineage), was first
reported in South Africa and spread rapidly into Europe [2,3] and
throughout the world. The BA.1 Omicron lineage rapidly overtook
the Delta variant and was described as 3 to 6 times more infectious
than other variants [4]. In turn, however, the BA.1 Omicron lineage
was rapidly overtaken by a new Omicron sublineage (BA.2). The
transmission of the two Omicron lineages was more widely
observed than the Delta variant in unvaccinated as well as vacci-
nated people and also in those previously infected by a SARS-
CoV-2 variant [5]. These rapidly obtained observations suggested
potential ‘‘immune escape” elicited by SARS-CoV-2 vaccines or nat-
ural infection. In order to evaluate whether high infectivity could
be associated with higher VL, we measured and compared the
VLs of these two Omicron lineages and the Delta SARS-CoV-2
variant.
Nasopharyngeal samples (NS) were collected at diagnosis from
the Pitié-Salpêtrière hospital in Paris during the epidemic peak of
each variant: from August-October 2021 for the Delta variant, from
December 2021 to January 2022 for the BA.1 Omicron lineage, and
from March-May 2022 for the BA.2 Omicron lineage. By that time,
more than 90% of the adult French population had received a pri-
mary vaccination. A total of 215 positive SARS-CoV-2 NSs was
screened to assess SARS-CoV-2 viral lineages using the previously
described method [1]. The screening assessment was confirmed
by full genome sequencing using the Artic V3 protocol on a Grid-
ION device (Oxford Nanopore, Oxford, UK) for samples with a Cycle
threshold (CT) < 28 or by Sanger sequencing of the full Spike gene
for samples with CT > 28.

To evaluate VL kinetics, we collected CT data from SARS-CoV-2-
positive patients who presented at least two positive PCRs a day
apart. CT values of the ORF1ab and E gene targets were obtained
by the SARS-CoV-2 Cobas 6800 (Roche). GraphPad Prism8 and R
software were used to perform statistical analyses (ANOVA non-
parametric test with a Scheirer-Ray-Here test).

We compared the VL at diagnosis and its kinetics for these three
variants over time: 71 patients for the Delta variant, 84 for the
Omicron BA.1 lineage and 60 for the Omicron BA.2 lineage. The
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Delta, Omicron BA.1 and BA.2 lineage-positive patients presented
sex ratios of 40%, 49.3% and 58.3% of females and median age of
60 years [IQR44 – 79], 55 years [IQR33 – 75] and 67 years
[IQR50 – 80] respectively with no statistical difference between
groups.

Similar median CT value was observed at the time of first diag-
nostic test for the Omicron BA.1 lineage and Delta variants: ORF1ab
gene target, median CT values 24.84 [IQR20.28 – 30.97] and 23.97
[IQR19.60 – 28.19] respectively (Fig. 1A); E gene targets, 24.64
[IQR20.09 – 30.62] and 24.03 [IQR19.75 – 28.27]), respectively
(Fig. 1B). An increase of relative VL (corresponding to decreased
CT values) was observed only for the Omicron BA.1 lineage at days
1–3 (ORF1ab gene target median CT value 21.13 [IQR18.73 – 31.19]
and E gene target 21.07 [IQR18.89 – 30.55]) compared to the Delta
and the BA.2 lineages (ORF1ab gene target 28.45 [IQR20.24 –
32.15] and 27.16 [IQR20.08 – 33.78 and E gene target 29.06
[IQR20.50 – 34.43] and 27.20 [IQR19.70 – 33.10], respectively)
(Fig. 1A-B).

The Omicron BA.2 lineage presented higher VL (inversely pro-
portional to the CT values) for the ORF1ab gene target (median
CT value 23.17 [IQR18.77 – 25.84]) and the E gene target (22.70
[IQR18.53 – 25.58]) than the BA.1 lineage at diagnosis (ORF1ab
gene p = 0.038 and E gene p = 0.042) but was not significantly dif-
ferent from the VL of the Delta variant. However, similar median CT
value was achieved at day 10 between the two Omicron sub-
lineages (BA.1: 29.61 [IQR26 – 34.95], BA.2: 29.25 [IQR24.94 –
34.34] for ORF1ab gene target and BA.1: 29.18 [IQR25.53 –
33.71] and BA.2 28.75 [IQR25.15 – 33.05] for E gene target) (Fig. 1-
A-B). Moreover, we observed a significant influence of the variant
on CT decay over time for the E gene target (p < 0.01).

Our results show no significant difference between the relative
viral loads of the BA.1 and BA.2 Omicron lineages and the Delta
variants at time of diagnosis. This result suggested that the more
pronounced infectivity of Omicron BA.1 lineage was not correlated
with higher VL values, a finding consistent with previous studies
[6]. Our results also showed that VL of the BA.2 lineage was higher
than that of the BA.1 at diagnosis, which is likewise coherent with
the literature [7]. We also observed that the CT values of the Delta
variant decreased more rapidly than those of the BA.1 and BA.2
Omicron lineage over time. Of note, we found that the median CT
value of the Omicron BA.1 lineage increased from one to three days
after the first diagnostic test. These results suggest that unlike the
Delta and the BA.2 lineage, the VL peak for the BA.1 Omicron lin-
eage does not occur, at symptom onset, but rather a few days later.
However, this ‘‘delayed” VL peak may have resulted from earlier
initial diagnostic testing for the BA.1 omicron lineage group. It also
bears mentioning that show a longer phase of replication for the
BA.1 and BA.2 Omicron lineages in comparison with the Delta vari-
Fig. 1. Omicron and Delta variant’s viral load kinetics. The graphs represent the kineti
the Delta variant (in blue) for the Omicron BA.1 lineage (in red) and for the Omicron BA
variant type on the CT decrease over time for the E gene target. *p < 0,05, **p < 0,005.
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ant. More specifically, we observed that contrary to the Delta vari-
ant, until day 10 the CT values of the BA.1 and BA.2 Omicron
lineages remained below 33, which has been defined as the thresh-
old value for moderate viral shedding [8], and is consistent with
the literature [9]. While these differences may be associated with
the immune status (vaccine booster dose or not, serological
response) of our cohort, they may also be due to the intrinsic prop-
erties of Spike proteins of the BA.1 and BA.2 Omicron lineages, or to
the immune escape of the Omicron lineages with regard to neutral-
izing antibodies. In fact, the Omicron BA.1 and BA.2 lineages har-
bored several mutations in the RBD region, the primary target of
plasma-neutralizing activity, which in comparison to other SARS-
CoV-2 variants leads to immune escape from almost all of the nat-
ural and therapeutic antibodies [10]. Moreover, it has been shown
that the BA.2 Omicron lineage is 4.5 more contagious than the
Delta variant and 1.5 more contagious than the BA.1 Omicron lin-
eage, and it seems to be 30% more capable of escaping the immune
system than the BA.1 Omicron lineage [11], a factor that could help
to explain its predominance. One of the limitations of our study
consists in imprecise information about the date of symptom
onset. Furthermore, the patient cohorts were selected in different
proportions according to Delta and Omicron lineage. Moreover, it
has been observed in several studies that while viral load may be
an independent predictor of disease severity, it is more closely
associated with transmissibility [12,13].

In conclusion, our study reinforces the hypothesis that the
higher infectivity of the Omicron BA.1 and BA.2 lineages was pri-
marily associated not with high VL, but rather with prolonged
replication and capacity for escape from the immune system. In
addition, our results suggest that the period of infectivity of these
lineages may be longer than was the case with previous SARS-COV-
2 variants. This finding could have appreciable implications in
diagnosis and isolation strategy.
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