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ARTICLE INFO ABSTRACT
Keywords: Background: SARS-CoV-2 has evolved, leading to the emergence of new Variants Of Concern (VOCs) with sig-
SARS-CoV-2 nificant impact on transmissibility. Although the transmission process is complex, higher nasopharyngeal viral

Variants of concern (VOCs)

load (NP-VL) can be considered as a proxy for greater transmissibility.
Nasopharyngeal viral load

Cycle threshold (CT) values Objectives: The ai.m of this analysis was to compare NP-VL across a set of representative VOCs observed in mildly

Increased transmissibility symptomatic patients.

Omicron BA.2 Study design: Observational single-center comparative analysis of patients with early mild-to-moderate COVID-
19, enrolled within the early treatment access program of Lazzaro Spallanzani Institute (March 2021-March
2022). NP-VL before drug administration was estimated through RT-PCR, based on cycle threshold values
(CTs); VOCs were identified by Sanger sequencing. VOCs’ average treatment effect (ATE) was estimated on the
CTs fitted in the log2 scale, controlling for potential confounders.
Results: A total of 707 patients were included. VOCs were: 10% Alpha, 3% Gamma, 34% Delta, 34% BA.1, 19%
BA.2. Mean CTs for BA.1 and BA.2 were lower than Delta and BA.1, respectively. After adjusting for calendar
time, age, immunodeficiency and vaccination, CTs for Gamma were lower than those seen for Alpha and higher
than Delta, for Delta were similar to BA.1, for BA.2 were lower than Delta and BA.1.
Conclusions: Our analysis shows higher NP-VL of BA.2 compared to previously circulating VOCs, even after
controlling for factors potentially contributing to the amount of nasopharyngeal viral RNA, included vaccination,
supporting the increased transmissibility of BA.2. Further studies are necessary to clarify this mechanism and to
provide guidance for public health measures.

1. Background named Variants of Concern (VOCs) in case of significant impact on
transmissibility, disease severity, immunity and/or susceptibility to

The ongoing evolution of severe acute respiratory syndrome coro- available therapies and vaccines, likely to contribute to an increased risk
navirus 2 (SARS-CoV-2) led to the emergence of new viral variants, for global public health [1,2]. As of November 2021, the time of first
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appearance in South Africa, the SARS-CoV-2 Omicron (B.1.1.529)
variant, its sub-lineages and descendent lineages, have become the
predominant VOCs circulating worldwide. Focusing on BA.2, it replaced
BA.1 as the major circulating strain in a few weeks, due to its growth
advantage, related to mechanisms of enhanced immunologic evasive-
ness or inherent increased transmissibility [3-8].

Although the transmission process is complex [9], higher viral load
(VL) in nasopharyngeal swabs (NPS) can be considered one of the main
factors influencing the infectiousness of patients affected by Coronavirus
disease 2019 (COVID-19) [9-12]. Higher VLs have been described
around the time of symptoms’ onset, in case of severe disease, in patients
with advanced age and for certain VOCs [10,13-16], while the effect of
vaccination on viral shedding and transmission remains controversial
[3,5,17]. At present, the rapid spread of Omicron BA.1 has been mainly
attributed to immune escape mechanisms as several studies have shown
reduced vaccine protection against infection but no evidence for higher
VL [4,5,18-211]; for BA.2 similar evidence is limited [3,4,6,22].

2. Objectives

We hereby aimed to compare VL measured on NPS samples of a
cohort of mildly symptomatic individuals, receiving early treatment in
the outpatients setting, who were infected with a set of representative
VOCs, including Omicron sub-lineages BA.1 and BA.2. Moreover, we
also compared a number of participants’ clinical, demographic and
laboratory characteristics, according to the identified VOC.

3. Study design
3.1. Study procedures and ethics

This comparative analysis uses the data of a prospective observa-
tional study on the effectiveness of early treatment with monoclonal
antibodies or antiviral agents for outpatients with mild-to-moderate
COVID-19. The study was approved by the Scientific Committee of the
Italian Medicines Agency (AIFA) and by the Ethical Committee of the
National Institute for Infectious Diseases “Lazzaro Spallanzani” in Rome,
Italy, as National Review Board for COVID-19 pandemic in Italy
(approval number 380/2021). All consecutive patients presenting at our
Institute to be evaluated for early treatment, from March 23rd, 2021 to
March 15th, 2022, were enrolled after having signed the informed
consent. For this analysis, we considered the first scheduled visit for
each participant, which included medical examination, vital signs’
recording, self-reported symptoms’ evaluation, laboratory testing and
drug administration. All the data were anonymously collected into an
electronic database.

Semi-quantitative estimation of the VL in NPS was assessed by Real-
Time Polymerase Chain Reaction (RT-PCR), based on cycle threshold
(CT) values. According to the laboratory workflow and testing avail-
ability during the COVID-19 pandemic, DiaSorin Simplexa® COVID-19
Direct platform (DiaSorin, Saluggia, Italy) was used during the first
period, including Alpha, Gamma and the most part of Delta variant in-
fections, while Abbott Alinity m RealTime System (Abbott Laboratories,
Wiesbaden, Germany), more recently, including all the Omicron and the
remaining part of Delta variant detections. The results of the Delta an-
alyses were splitted accordingly, in order to compare only results ob-
tained using the same platform. Identification of SARS-CoV-2 variants
was conducted by Sanger sequencing of the Spike coding gene.

Data on vaccination were extracted from the regional register
(Anagrafe Vaccinale Regione Lazio) and, if not available, we collected
self-reported vaccination status from clinical charts. Considering the
minimum interval of at least 120 days between the completion of the
primary vaccine schedule and the booster dose, participants were
defined: 1.unvaccinated, if they did not receive any vaccine dose, or they
received only the first dose of a 2-dose series less than 14 days earlier; 2.
partially vaccinated, if they received only the first dose of a 2-dose series
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more than 14 days earlier, or if they completed the vaccine schedule less
than 14 days earlier; 3.recent fully vaccinated or boosted, if they
completed the vaccine schedule between 14 and 120 days earlier, or if
they received the booster dose; 4.waned fully vaccinated or unboosted,
if they completed the vaccine schedule more than 120 days earlier,
without having received the booster dose.

Symptoms’ severity was assessed by a self-reported questionnaire.
The total symptom score (range, 0-39) was achieved by rating 13
symptoms (cough, sore throat, nasal congestion, rhinorrhea, shortness of
breath, body aches and pain, fatigue, feeling feverish, chills, headache,
nausea/ lack of appetite, vomiting, diarrhea) from none/absent to mild,
moderate or severe (scored from 0 to 3) and combining them to provide
an overall score.

All procedures contributing to the work described comply with the
ethical standards of the relevant national and institutional committees
on human experimentation and with the Helsinki Declaration of 1975,
as revised in 2008.

3.2. Statistical analysis

Descriptive characteristics were provided using medians and inter-
quartile ranges (IQR) for continuous variables, and frequencies and
percentages for categorical variables, and were compared by VOCs using
Mann-Whitney (continuous variables) or Chi-square (categorical vari-
ables) test.

For the crude mean comparisons and regression analyses, CT values
were fitted in the log2 scale; we adopted the log transformation because
the distribution of CT values in the raw scale was positively skewed and
significantly deviating from the normal distribution.

In the unadjusted analysis, means of log2 CT values were compared
by VOCs, through Kruskal-Wallis test with P-values adjusted using the
Dunn’s multiple comparison method. We emulated a number of distinct
2-arms parallel trials in which the specific VOC was the exposure/
intervention of interest and log2 CT the primary outcome. The average
causal effect of VOCs was estimated using marginal models in which, to
control for the effects of the confounding variables, we modelled both
the exposure (through inverse probability weighting) and the outcome
(via regression) or both (doubly robust). When there was a discrepancy
between results, we have used the Doubly Robust results as they are
valid against a mis-classification of one of the two models. According to
our assumptions regarding the underlying causal links between
measured factors (Fig. 1), we identified the following key time-fixed
confounders: age, vaccination status, calendar time of study entry and
immunodeficiency, all measured at the time of drug administration. In
addition, in order to explore the association between vaccination and
log2 CT, we compared mean values by vaccination categories and
evaluated the strength of the association by means of ANOVA (Fisher
and Holm-Sidak tests). Finally, because our results are valid only under
the strong assumption of no unmeasured confounding being present, we
also calculated an e-value using the online calculator devised by Van-
derWeele and Ding [23].

Even though it was a homogeneous cohort of mildly symptomatic
individuals, in the subset of participants for whom the symptom score
could be calculated, we investigated whether the difference in CT values
by VOC might vary by severity of symptoms. Using the median value of
the scores, we classified participants in two groups (asymptomatic or
mild symptomatic versus more symptomatic) and we tested effect mea-
sure modification by symptoms’ severity from formally fitting an
interaction term in the linear regression models.

A statistically significant difference in the variables tested was
indicated as P value <.05 (two-sided). Statistical analysis was performed
using SAS version 9.4 (Carey North Carolina, USA).

4. Results

A total of 707 patients were included and identified VOCs were
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Fig. 1. Key assumptions regarding the underlying causal link between measured factors. According to our assumptions, age, vaccination status, calendar time of
study entry and immunodeficiency at time of drug administration were identified as main confounders of our comparison of interest. VOC, variant of concern; CT,

cycle threshold values.

distributed as follows: 67 (10%) Alpha (B.1.1.7), 24 (3%) Gamma (P.1),
240 (34%) Delta (B.1.617.2), 242 (34%) BA.1, 134 (19%) BA.2. Main
characteristics of the study population and comparisons by VOCs, are
reported in Table 1. Briefly, the median (IQR) age was 65 (54,75) years,
331 (47%) were female and the median distance from symptoms’ onset
was 4 (3,5) days. Several characteristics differed across the subgroups.
In particular, compared to Omicron sub-lineages, patients identified
with Alpha, Gamma and Delta showed more alterations in inflammatory
parameters, in terms of lower lymphocytes cell count and higher ferritin
and, when compared to BA.1, C-reactive protein levels (P < .001 for all);
moreover, in case of earlier circulating VOCs, we observed lower pe-
ripheral oxygen saturation (P < .001), and a higher proportion of pa-
tients with fever (P = .029). No evidence for a difference in mean
symptom score was observed (P = .504).

In unadjusted analysis, mean log2 CT values were lower for BA.1
than Delta P = .031), and for BA.2 than Delta and BA.1 (P < .001); no
differences were observed by comparing Alpha, Gamma and Delta VOCs
(Fig. 2). Assuming a linear model with no interactions, including cal-
endar time of study entry, age, immunodeficiency and vaccination as
covariates, we found several significant differences in the average po-
tential log2 CT outcome values indicating a gradient in increased VL by
more recent circulating VOCs: BA.2 showed lower values than both BA.1
[Average Treatment Effect - ATE (95% Confidence Interval - CI) 0.16
(0.09;0.24), P < .001] and Delta [ATE -0.30 (95%CI -0.53;-0.07), P <
.001] which, in turn, showed lower values than Alpha [ATE 0.28 (95%CI
-0.10;0.66), P < .001] and especially when compared to Gamma [ATE
1.07 (95%CI 0.00;2.14), P < .001]. Interestingly, the difference between
Alpha and Delta was marked in the subset of participants who were more
symptomatic (symptoms score >11) with an IPW ATE of 0.16 (95%CI
0.02;0.29), while tended to go in the opposite direction in those with no
or mild symptoms (score <11): -0.08 (95%CI -0.19;0.03), interaction P
= .006). We did not detect any other significant interactions between
VOC and symptoms’ severity.

Gamma showed lower values when compared with Alpha [ATE 0.22
(95%CI 0.06;0.38), P = .002]. Under our model specifications, we did
not find any evidence for a difference, when we compared log2 CT
values for BA.1 versus Delta VOCs (Table 2a, b) and the main confounder
explaining this finding was the calendar time of study entry (data not

shown). In order to evaluate the robustness of our results against un-
measured confounding, we calculated an e-value for standardised mean
differences. The smallest ATE with a significant P value was of 0.16 log2
CT (standard error 0.035). On the basis of this value, the calculator
provides an e-value of 1.58 for the point estimate and 1.39 for the lower
limit of the 95%CI. Finally, as reported in the unadjusted analysis in
Fig. 3, there was no evidence for a difference in mean log2 CT values by
vaccination status: 0.02 (95%CI -0.08;0.12, P = .688) for partially
vaccinated participants, 0.04 (95%CI -0.03;0.11, P = .324) for fully
vaccinated ones and 0.06 (95%CI -0.23;0.14, P = .163) in case of
unboosted vaccination.

5. Discussion

In our analysis, we observed a difference in nasopharyngeal VL ac-
cording to the VOC considered, after controlling for potential con-
founders, including vaccination, with the exception of the comparison
between Delta and Omicron BA.1 variants for which we found less sta-
tistical evidence for a difference.

Our results are in line with those of several other studies which
explored the association between VOCs and VL. Increased VL and
greater transmissibility have been reported with the Alpha and Delta
variants compared to ancestral strain [15,16], or with Delta towards the
wild-type virus or Alpha and Gamma [3,9,16,24]. Studies on the viro-
logic characteristics of BA.1 variant, reported that VL in diagnostic
specimens did not differ from those of previous VOCs [21], or were even
lower, despite its great contagiousness, probably related to immune
evasiveness mechanisms [4,5,18-20]. Likewise, our data showed similar
VL for Delta compared to BA.1. In contrast, for BA.2 we observed higher
VL when compared to both BA.1 and Delta variants. To date, few studies
exist on infections caused by Omicron BA.2 in comparison with previous
VOCs, and on the impact of infection- and vaccine-derived antibodies on
infectiousness. In vitro [4,6] and in vivo [3,6,8] data, have confirmed the
selective advantage of BA.2 over BA.1, suggesting that it is mainly due to
an intrinsic greater transmissibility, probably related to its high VL [3,
6]. The mutation profiles of BA.1 and BA.2 are substantially different
and it is reasonable to assume that the virologic properties of BA.2, as
immune resistance and pathogenicity, are different from those of BA.1.
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Table 1

Main characteristics of the study population and comparison by Variant of Concern.
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Characteristics Variant of Concern

Alpha Gamma Delta Omicron BA.1 Omicron BA.2 PValue*  Total

N= 67 N= 24 N= 240 N= 242 N=134 N= 707
Gender, n (%)
Female 29 (43.3%) 12 (50.0%) 112 (46.7%) 116 (47.9%) 62 (46.3%) .966 331 (46.8%)
Age, years
Median (IQR) 64 (56, 72) 73 (55, 80) 62 (52, 73) 65 (51, 77) 70 (61, 78) <.001 65 (54, 75)
Older than 65, n (%) 30 (44.8%) 14 (58.3%) 98 (40.8%) 120 (49.6%) 87 (64.9%) <.001 349 (49.4%)
Days from symptoms onset
Median (IQR) 4(3,6) 4(4,6) 5(@3,6) 4(3,5) 32,4 <.001 4(3,5)
Comorbidities/risk factors, n (%)
Diabetes 24 (35.8%) 9 (37.5%) 48 (20.0%) 54 (22.3%) 16 (11.9%) <.001 151 (21.4%)
Obesity (BMI>30) 36 (53.7%) 14 (58.3%) 127 (52.9%) 141 (58.3%) 75 (56.0%) .814 393 (55.6%)
Cardiovascular disease 11 (16.4%) 3 (12.5%) 33 (13.8%) 41 (17.1%) 28 (20.9%) 472 116 (16.5%)
Chronic respiratory disease 2 (3.0%) 0 (0.0%) 5(2.1%) 12 (5.0%) 8 (6.0%) 232 27 (3.8%)
Renal impairment 4 (6.0%) 0 (0.0%) 6 (2.5%) 5 (2.1%) 2 (1.5%) .307 17 (2.4%)
Hepatic Disease 11 (16.4%) 8 (33.3%) 34 (14.2%) 46 (19.0%) 29 (21.6%) .105 128 (18.1%)
Cancer 7 (10.4%) 3 (12.5%) 35 (14.6%) 41 (17.1%) 26 (19.4%) .485 112 (15.9%)
Primary/secondary 7 (10.4%) 6 (25.0%) 23 (9.6%) 39 (16.1%) 24 (17.9%) .048 99 (14.0%)

immunodeficiency

Neurologic disease 3 (4.5%) 1 (4.2%) 8 (3.3%) 13 (5.4%) 3(2.2%) 617 28 (4.0%)
Vital signs at baseline
Sp0O2, median (IQR) 97 (95, 98) 96 (95, 97) 97 (96, 98) 98 (97, 99) 98 (97, 99) <.001 98 (97, 98)
Fever (>37.5°C), n (%) 6 (9.0%) 1 (4.2%) 16 (6.8%) 4 (1.7%) 4 (3.1%) .029 31 (4.5%)
Laboratory values, median (IQR)
Ferritin, ng/ml 207.0 (97,360) 215.5(140.5,398.5)  163.0 (72,272) 89.50 (48,176.5) 106.0 (56,181) <.001 129.0 (60,235.5)
C-reactive protein, mg/dl 1.40 (0.50,2.98) 2.12(0.87,5.43) 1.22 (0.51,3.03) 0.76 (0.30,1.50) 1.51 (0.44,2.56) <.001 1.08 (0.40,2.51)
Lymphocytes, cells/ulL 1260 (890,1540) 1020 (650,1340) 1140 (840,1510)  1495(1090,2040) 1350 (950,1650)  <.001 1280 (910,1730)
Baseline SARS-CoV-2 Serology, n (%) .030
Anti-N positive 0 (0.0%) 0 (0.0%) 6 (2.5%) 7 (2.9%) 0 (0.0%) 13 (1.8%)
Anti-S Positive 22 (32.8%) 6 (25.0%) 161 (67.1%) 195 (80.6%) 118 (88.1%) 502 (71.0%)
Negative 0 (0.0%) 0 (0.0%) 47 (19.6%) 37 (15.3%) 14 (10.4%) 98 (13.9%)
Unknown 45 (67.2%) 18 (75.0%) 26 (10.8%) 3 (1.24%) 2 (1.5%) 94 (13.3%)
Vaccination, n (%) <.001
Unvaccinated 8 (11.9%) 3 (12.5%) 42 (17.5%) 20 (8.3%) 8 (6.0%) 81 (11.5%)
Partially vaccinated 20 (29.9%) 6 (25.0%) 24 (10%) 7 (2.9%) 1 (0.7%) 58 (8.2%)
Recent fully/boosted vaccinated 39 (58.2%) 15 (62.5%) 79 (32.9%) 149 (61.6%) 82 (61.2%) 364 (51.5%)
Waned fully/unboosted vaccinated 0 (0.0%) 0 (0.0%) 91 (37.9%) 65 (26.8%) 43 (32.1%) 199 (28.1%)
Unknown 0 (0.0%) 0 (0.0%) 4 (1.7%) 1 (0.4%) 0 (0.0%) 5 (0.7%)
Vaccine type, n (%) .009
BNT162b2 43 (72.9%) 15 (71.4%) 127 (66.5%) 159 (73.3%) 89 (71.2%) 433 (70.6%)
mRNA-1273 14 (23.7%) 6 (28.6%) 27 (14.1%) 35 (16.1%) 22 (17.6%) 104 (17.0%)
ChAdOx1 2 (3.4%) 0 (0.0%) 27 (14.1%) 23 (10.6%) 14 (11.2%) 66 (10.8%)
Ad26.COV2.S 0 (0.0%) 0 (0.0%) 10 (5.2%) 0 (0.0%) 0 (0.0%) 10 (1.6%)
Other/unknown 8 (11.9%) 3 (12.5%) 49 (20.4%) 25 (10.3%) 9 (6.7%) 94 (13.3%)
Baseline CT
Mean + SD 19.64 + 4.19 17.51 + 3.67 19.39 + 4.41 19.01 + 4.00 16.06 + 3.03 <.001 18.59 + 4.18
Less than 25, n (%) 60 (89.6%) 24 (100.0%) 213 (88.8%) 220 (90.9%) 133 (99.3%) .003 650 (91.9%)
MASS score, median (IQR) 21,4 2(1,5) 2(0,3) 3(1,5) 3(2,5) <.001 3(1,4
Baseline symptom score, median (IQR) 10 (6, 15) 12 (9, 15) 9 (5,15) 10 (6, 16) 10 (5, 15) .501 10 (5, 15)

Abbreviations: n, number of participants in group; IQR, interquartile range; BMI, body mass index; SpO2, peripheral oxygen saturation; CT, cycle threshold values; SD,

standard deviation; MASS, Monoclonal Antibodies Screening Score.
" Chi-square or Mann-Whitney test, as appropriate.

The largest study conducted thus far is from Denmark, comparing Om-
icron BA.1 and BA.2 transmission among household contacts; the au-
thors observed that both unvaccinated, fully vaccinated and
booster-vaccinated individuals had a higher susceptibility for BA.2
compared to BA.1, indicating an inherent increased transmissibility of
BA.2 [3]. Our findings of higher VL in BA.2 samples, independently from
vaccination, are consistent with these results. Of note, in the unadjusted
analysis exploration with vaccination status as the only predictor in the
model, vaccination did not seem to have an effect on CT values and, as a
consequence, it was a weak confounder for the association between
VOCs and SARS-CoV-2 RNA.

Interestingly, our attempt to study the association between VOC and
CT values according to symptoms’ severity showed differences only for
Alpha and Delta variants, suggesting that viral load for Alpha was lower
than Delta particularly in more symptomatic participants. Our study
population, enrolled in the earliest stages of the disease, reported an
overall low symptom score and, probably, it is not the ideal setting for

performing this kind of analysis and we cannot rule out selection bias
due to missing data for the symptom score. Nonetheless, our findings
shed light on the need to more deeply evaluate this aspect in order to
examine the role of other potential SARS-CoV-2 viral load determinants,
possibly in a population with a more heterogeneous symptom set.

Finally, among patients harbouring Omicron variants, we observed
symptom scores similar to those seen for other VOCs but a better clinical
and laboratory profile, when assessing peripheral oxygen saturation,
fever and inflammatory parameters. Even though this analysis is limited
to the early phase of the illness, our findings are somewhat in line with
those of previous reports suggesting that BA.2 leads to an equally mild
course of COVID-19 as BA.1, compared to previous VOCs [8,25-27].

A strength of our analysis is the homogeneity of our study population
which included mildly symptomatic individuals enrolled at an early
stage of their disease, with a precise assessment of the timing of symp-
toms’ onset and with risk factors for progression to severe COVID-19
given by the eligibility criteria for early treatment; moreover, to our
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Fig. 2. Dot-plots showing means and Standard Deviation (SD) of nasopharyn-
geal viral RNA levels detected in (a) patients with Alpha, Gamma and Delta
(DiaSorin assay) variants infection; in (b) patients with Delta (Abbott Alinity
assay), Omicron BA.1 and Omicron BA.2 variants infection. Viral RNA levels are
expressed as log2 Cycle Threshold (CT) values. Means in log2 CT values and SD
are shown. Statistical analysis of the comparisons between variants of concern
(VOCs) was performed by Kruskal-Wallis test and specific contrasts PValue
corrected by Dunn’s method for multiple comparisons. Horizontal dashed line
represents the limit of detection (CT=40.0), CT values >40 are considered
negative. n, number of participants in group.

knowledge is one of the largest studies to date with a high prevalence of
Omicron sub-lineage BA.2, in the outpatient setting.

However, several limitations need to be mentioned. Firstly, we used
as primary endpoint the CT values, determined by the amount of viral
RNA in the sample, as a surrogate measure for VL; albeit higher VL, as
those observed in our population enrolled around the time of symptoms’
onset [13,14], have been correlated with positive viral culture [28-30],
this condition alone is not sufficient for our measure to be a consistent
surrogate of viral culture in order to rule out a surrogate paradox [31].
Second, as in all analyses of observational data, we cannot rule out that
results can be explained by unmeasured confounding and some of the
findings rely on a correctly specified model for the outcome and pro-
pensity score model. However, we have performed a sensitivity analysis
and established that, in order to be able to attenuate our smallest
detected association to the null, this unmeasured confounder(s) would
need to decrease CT values by at least 1.4 log2. Of note, none of the
identified measured confounders showed such a big effect on the
outcome (data not shown). In addition, doubly robust results are valid
despite the mis-classification of one of the two models. Furthermore, it is
established that viral shedding may contribute to the degree of virus
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Table 2

Potential Outcomes and ATE from fitting linear regression models, considering
nasopharyngeal viral load detected in (a) patients with Alpha versus Gamma
versus Delta (DiaSorin assay) variants infection; in (b) patients with Delta
(Abbott Alinity assay) versus Omicron BA.1 versus Omicron BA.2 variants

infection. Viral RNA levels are expressed as log2 CT values.

a) Potential CT values and ATE from fitting a linear regression
model (log2 scale)
Mean (log2) in Mean (log2)iin ATE* (95% p
VOC 1i(95% VOC 2 i(95% CD Value
Ccn Ccn
Alpha vs Gamma
IPWs 4.26 (4.19, 4.06 (3.93, 0.20 (0.07, .004
4.33) 4.18) 0.34)
Double Robust 4.26 (4.19, 4.04 (3.90, 0.22 (0.06, .002
4.33) 4.18) 0.38)
Regression 4.26 (4.19, 4.04 (3.91, 0.22 (0.08, .003
adjustment 4.33) 4.16) 0.36)
Alpha vs Delta
IPWs 4.26 (4.19, 4.22 (4.17, 0.04 (-0.04, .301
4.34) 4.27) 0.13)
Double Robust 4.43 (4.06, 4.15 (4.09, 0.28 (-0.10,  <.001
4.80) 4.22) 0.66)
Regression 4.43 (4.11, 4.15 (4.09, 0.28 (-0.04, .091
adjustment 4.74) 4.22) 0.60)
Gamma vs Delta
IPWs 4.10 (3.97, 4.22 (4.17, -0.12 .072
4.22) 4.27) (-0.26,
0.01)
Double Robust 5.26 (4.19, 4.19 (4.14, 1.07 (0.00, <.001
6.33) 4.24) 2.14)
Regression 5.21 (4.37, 4.19 (4.14, 1.02 (0.18, .017
adjustment 6.04) 4.24) 1.85)
b) Potential CT values and ATE from fitting a linear regression

model (log2 scale)

Mean (log2)iin Mean (log2)iin ATE* (95% 14
VOC 1 i(95% VOC 2 i(95% (@] Value
(@)] CcDh
Omicron BA1 vs
Delta
IPWs 4.25 (4.21, 4.31 (4.23, -0.06 177
4.29) 4.39) (-0.15,
0.03)
Double Robust 4.25 (4.21, 4.31 (4.09, -0.05 .360
4.30) 4.53) (-0.28,
0.17)
Regression 4.25 (4.21, 4.37 (3.91, -0.12 .614
adjustment 4.29) 4.82) (-0.57,
0.34)
Omicron BA2 vs
Delta
IPWs 3.99 (3.94, 4.36 (4.27, -0.37 <.001
4.04) 4.46) (-0.48,
-0.27)
Double Robust 3.99 (3.94, 4.29 (4.07, -0.30 <.001
4.05) 4.52) (-0.53,
-0.07)
Regression 4.02 (3.93, 4.38 (3.52, -0.35 419
adjustment 4.12) 5.23) (-1.22,
0.51)
Omicron BA1 vs
Omicron BA2
IPWs 4.21 (4.16, 4.04 (3.98, 0.17 (0.09, <.001
4.26) 4.10) 0.25)
Double Robust 4.20 (4.15, 4.04 (3.98, 0.16 (0.09, <.001
4.26) 4.10) 0.24)
Regression 4.20 (4.15, 4.06 (3.92, 0.14 (-0.01, .064
adjustment 4.25) 4.20) 0.29)

Abbreviations: ATE, Average Treatment Effect; CT, cycle threshold; VOC,
Variant of Concern; CI, Confidence Interval; vs, versus; IPWs, Inverse Probability

Weightings.

" weighted for calendar time of study entry, age, immunodeficiency and
vaccination (none, partial cycle, booster/recent full cycle, unboosted/waned full

cycle).
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Fig. 3. Dot-plots showing means and Standard Deviation (SD) of nasopharyn-
geal viral RNA levels, stratified by vaccination categories (unvaccinated,
partially vaccinated, recent fully vaccinated or boosted, waned fully vaccinated
or unboosted). Viral RNA levels are expressed as log2 Cycle Threshold (CT)
values. Means in log2 CT values and SD are shown. Statistical analysis of the
comparison between stratification groups was performed by means of analysis
of variance (ANOVA, with global Fisher F test and specific contrasts PValues
corrected by Holm-Sidék’s method for multiple comparisons). Horizontal
dashed line represents the limit of detection (CT=40.0), CT values >40 are
considered negative. n, number of participants in group.

transmissibility, as shown in other studies [9,15]. Unfortunately, all our
patients were treated shortly after the analysed measure of CT and were
isolated post-diagnosis, which prevented us from conducting a com-
parison of viral shedding by VOC. As a statistical limitation, although we
calculated robust standard errors, there might be an inflation of type I
error due to multiple contrasts when we performed the marginal models.
Finally, methods for RT-PCR tests and vaccine access have varied over
the 12 months of enrolment period; we have mitigated this potential
limitation, by restricting the analysis to CT values measured using the
same platform, and controlling in the model for vaccination status.

In conclusion, although the process of human-to-human transmission
is complex and several factors, such as varying recommended protection
measures, the overall incidence, the context of contacts (household or
community), the increase in immunity against SARS-CoV-2 in the pop-
ulation, and the intrinsic characteristics of viral variants, can play a role,
VL is considered as a key element of transmission [9-12]; our data show
higher levels of VL for Omicron sub-lineage BA.2 versus other VOCs and
therefore corroborate epidemiologic data suggesting greater infec-
tiousness of BA.2 compared to other variants and support the hypothesis
of an increased inherent transmissibility rather than an enhanced
immunologic escape. In a context of continuous viral evolution and new
emerging VOCs (e.g. Omicron sub-lineages BA.4 and BA.5), with still
uncertain impact on transmissibility and disease severity, it is essential
to strengthen surveillance and sequencing capacities. It is also crucial to
better understand mechanisms of increased transmissibility, through
more focused studies, in order to shape public health and social decision.
Promotion of vaccination, encouragement of mask-wearing and physical
distancing remain effective measures to reduce population-level
transmission.
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