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Background. The impact of SARS-CoV-2 variants of concern (VOCs) on disease severity is unclear. In this retrospective study,
we compared the outcomes of patients infected with B.1.1.7, B.1.351, and B.1.617.2 with wild-type strains from early 2020.

Methods. National surveillance data from January to May 2021 were obtained and outcomes in relation to VOCs were explored.
Detailed patient-level data from all patients with VOC infection admitted to our center between December 2020 and May 2021 were
analyzed. Clinical outcomes were compared with a cohort of 846 patients admitted from January to April 2020.

Results. A total of 829 patients in Singapore in the study period were infected with these 3 VOCs. After adjusting for age and
sex, B.1.617.2 was associated with higher odds of oxygen requirement, intensive care unit admission, or death (adjusted odds ratio
[aOR], 4.90; 95% confidence interval [CI]: 1.43-30.78). Of these patients, 157 were admitted to our center. After adjusting for age,
sex, comorbidities, and vaccination, the aOR for pneumonia with B.1.617.2 was 1.88 (95% CI: .95-3.76) compared with wild-type.
These differences were not seen with B.1.1.7 and B.1.351. Vaccination status was associated with decreased severity. B.1.617.2 was as-
sociated with significantly lower polymerase chain reaction cycle threshold (Ct) values and longer duration of Ct value <30 (median

duration 18 days for B.1.617.2, 13 days for wild-type).
Conclusions.

B.1.617.2 was associated with increased severity of illness, and with lower Ct values and longer viral shedding.

These findings provide impetus for the rapid implementation of vaccination programs.

Keywords.

B.1.617.2; COVID-19; SARS-CoV-2; severity; variants of concern.

Since the emergence of severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), which causes coronavirus di-
sease 2019 (COVID-19), numerous viral variants have been
characterized. Most genetic variations arise as a result of drift
and have no phenotypic effect. However, variants of concern
(VOCs) have emerged that carry signature amino acid sub-
stitutions in key areas of the immunodominant spike protein,
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with evidence of altered virus characteristics [1]. For ex-
ample, VOCs have been associated with increased transmis-
sibility, evasion of immunity from infection and vaccination,
and reduced susceptibility to monoclonal antibody therapies
[2-4]. Several VOCs have temporally coincided with spikes
in infection rates in countries where they first arose, such as
B.1.1.7 (Alpha in the World Health Organization classifica-
tion) [5], B.1.351 (Beta) [6], P.1 (Gamma) [7], and B.1.617.2
(Delta) [8].

While robust epidemiologic data have provided evidence
for the increased transmissibility of these VOCs [4, 6, 9], their
impact on clinical outcomes such as disease severity and mor-
tality is less clear. Large population studies have found a signif-
icant trend toward increased mortality associated with B.1.1.7
[10, 11]; whereas for a cohort of hospitalized patients, no signif-
icant differences in disease severity and clinical outcomes were
found compared with non-B.1.1.7-infected patients [12].
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The emergence of B.1.617.2 had a catastrophic impact on in-
fection and mortality rates in India. By May 2021, it had be-
come the dominant strain identified in the United Kingdom
and, in June 2021, the dominant strain identified worldwide
[13]. Early data have shown an association between infections
with B.1.617.2 and hospitalization [14]. However, there are
limited data on the relationship between B.1.617.2 and clin-
ical outcomes such as disease severity and mortality. National
infection and mortality rates can be confounded by factors
such as healthcare resource utilization, demographics, and
sociobehavioral trends, and detailed cohort studies are required
to distinguish the impact of viral vs nonpathogen factors [15].

Singapore has used a robust test-trace-isolate strategy in a
largely successful effort to limit community transmission of
SARS-CoV-2. This includes detailed contact-tracing efforts,
rigorous screening of symptomatic and asymptomatic contacts,
and quarantine of all positive cases and incoming travelers [16].
This system has been in place since the start of the outbreak in
January 2020 with minor adjustments but without significant
change to the overarching strategy. Active case finding provided
a high rate of diagnosis and accumulation of clinical data across
the entire spectrum of COVID-19 disease severity [17].

In this retrospective study of both a national cohort dataset
of all confirmed COVID-19 cases and a smaller single-center
cohort of hospitalized patients, we compared the outcomes of
patients infected with B.1.1.7, B.1.351, and B.1.617.2 variants,
with the aim of improving our understanding of the relation-
ships between viral variants, disease severity, and viral shedding
kinetics.

METHODS

Patient Recruitment
Individuals who met the following inclusion criteria were
screened for VOC infection: confirmed to have SARS-CoV-2
infection by real-time reverse-transcriptase polymerase chain
reaction (RT-PCR); admitted to the National Centre for
Infectious Diseases (NCID), the national outbreak clinical
management center in Singapore; and have a diagnosis between
20 December 2020 (when the first VOC infection, B.1.1.7, was
detected) and 12 May 2021. As part of active genomic surveil-
lance, whole-genome sequencing by the National Public Health
Laboratory (NPHL) is performed for all individuals with SARS-
CoV-2 detected by RT-PCR with a cycle threshold (Ct) value
<30 (cutoff based on previous unpublished data from NPHL
that showed sequencing was only successful for isolates with
Ct value <30). Participants with B.1.1.7, B.1.351, or B.1.617.2
variants were included in the study. There were no exclusion
criteria.

Patients with VOC infection were compared with a cohort
of 846 consecutive patients admitted to NCID from 22 January
2020 to 15 April 2020 (hereafter, referred to as “wild-type”).

Viral shedding dynamics of the 3 VOCs were compared with
wild-type virus using a database of RT-PCR Ct values in 63 pa-
tients admitted from January 2020 to April 2020 with available
serial Ct value data, previously reported in a separate study [18].

Data Collection

Clinical information was extracted from the medical record
using a standardized data-collection form adapted from the
International Severe Acute Respiratory and Emerging Infection
Consortium case record form [19]. Laboratory data including
Ct values from RT-PCR and serologic tests were recorded.
Collection of clinical data was censored at 28 days from the last
onset of illness on 11 May 2021.

We also obtained anonymized national mandatory case re-
port data submitted to the Ministry of Health (Singapore)
from 1 January 2021 to 22 May 2021. The data submitted by
all healthcare institutions are implemented and analyzed under
the Infectious Diseases Act (Singapore). It included all known
patients with COVID-19 infection in the country during this
period. Available metadata were age, sex, VOC type, and clin-
ical outcomes (oxygen requirement, intensive care unit [ICU]
admission, and death). National-level data on whether patients
developed pneumonia were not available.

Clinical Management

All patients were admitted to airborne-infection isolation
rooms. Risk stratification was conducted at the discretion of
managing physicians based on age, comorbidities, and radio-
graphic and laboratory findings; low-risk patients were trans-
ferred to a separate designated community isolation facility.
High-risk patients with pneumonia (presence of pulmonary
opacities on chest radiograph) were treated with intravenous
remdesivir for 5 days, while patients who required supplemental
oxygen were treated with dexamethasone, per national guide-
lines [20]. Patients were de-isolated based on discharge criteria
of 2 negative swabs for SARS-CoV-2 PCR, seroconversion with
1 negative swab for SARS-CoV-2 PCR, or 3 weeks from illness
onset. Repeat PCR testing was conducted at intervals decided
by individual managing physicians.

Viral RNA Sequencing and VOC Determination

SARS-CoV-2 PCR was performed with a range of commercially
available assays used by the clinical laboratory. Sequencing was
performed at a centralized laboratory (NPHL, the national in-
fectious diseases reference laboratory). Pangolin COVID-19
Lineage Assigner and CoVsurver were used to assign lineage to
each sequence [21, 22].

Outcomes

The primary end point for the retrospective NCID cohort study
was development of pneumonia as defined by the presence of
pulmonary opacities on chest radiograph. This was chosen as
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the primary end point due to the expected small numbers of
patients with severe infection outcomes. For the national co-
hort, primary outcome was severe COVID-19, defined as a
composite of any of the following outcomes: hypoxia requiring
supplemental oxygen (both low-flow including nasal prongs or
high-flow), ICU admission, and/or death. Secondary outcomes
were comparison of viral PCR Ct values and duration of viral
shedding between VOC:s.

Statistical Analyses

Firth’s logistic regression was used to examine the association
between variant type and development of pneumonia due to
the potential for the presence of separation with zero cell fre-
quency for a particular variant. The following covariates known
to impact COVID-19 disease severity were selected for inclu-
sion in the multivariable logistic regression model: age group,
sex, comorbidities, COVID-19 vaccination history, and SARS-
CoV-2 lineage. For the national cohort, the multivariable
logistic regression model included only age group, sex, and lin-
eage due to the lack of other available data.

We fitted a generalized additive mixed model (GAMM) to the
serial Ct values with random intercept by patient ID in addition
to the fixed factor of day of illness with smoothing terms, sepa-
rately for cases infected with B.1.1.7, B.1.351, and wild-type. We
included random slope of Ct values with respect to the day of
illness (in addition to random intercept) for cases infected with

B.1.617.2. We plotted Ct values with marginal effect of day of
illness from GAMM for each of the infection groups: B.1.1.7,
B.1.351, B.1.617.2, and wild-type.

To compare duration of infectivity, we used Kaplan-Meier
curves to describe time from symptom onset to first Ct value >30
and the log-rank test for comparison between variants. An event
was defined as the first Ct value >30 as a surrogate indicator for
the end of the infective period, since Ct values above this cutoff
have been shown to be associated with lack of positive viral cul-
ture [23, 24]. A patient was considered censored if he or she did
not have a Ct value >30 as of the date of the last available Ct value.

Data analysis was done in the R statistical language (version
3.6.1). All statistical tests were 2-sided, and P values < .05 were
considered statistically significant.

Informed consent for retrospective data collection was
waived as approved by the institutional review board.

RESULTS

National Data

From 1 January 2021 to 22 May 2021, there were 2930 COVID-
19 infections reported to the Ministry of Health. Of 976 (33%)
with sequences available, 829 (85%) were by the VOCs B.1.1.7
(Alpha: 189, 20%), B.1.351 (Beta: 176, 18%), or B.1.617.2 (Delta:
464, 48%) (Figure 1) due to both importation and local trans-
mission. Nine (1%) individuals with P.1 infection were excluded
due to the small sample size.
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Reporting date

All reported coronavirus disease 2019 cases in Singapore, 1 January 2021 to 22 May 2021 (n = 2930). Of 829 infections with B.1.1.7 (Alpha), B.1.351 (Beta), or

B.1.617.2 (Delta), 157 (19%) were admitted to the National Centre for Infectious Diseases. * refers to other non-variants of concern and wild-type. * indicates those that

were unable to be sequenced and not sequenced.
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The majority of infections by the 3 VOCs were nonsevere;
30 (4%) required supplemental oxygen and 10 (1%) were ad-
mitted to the ICU or died (Supplementary Table 1). After
adjusting for age and sex in a multivariable logistic regression
model, B.1.617.2 was associated with increased disease se-
verity, as defined by a composite outcome of oxygen require-
ment, ICU admission, or death, compared with sequenced
non-VOC cases (adjusted odds ratio [aOR], 4.90; 95% confi-
dence interval [CI]: 1.43-30.78; Table 1). We could not adjust
for comorbidities in this national analysis due to the lack of
detailed patient data.

NCID Cohort

For the cohort admitted to NCID, 157 patients infected with
VOCs were identified (57 with B.1.1.7, 33 with B.1.351, and
67 with B.1.617.2). Four patients with P.1 were excluded from
analysis due to the small number. Patients with the other
3 VOCs were compared with the cohort of 846 wild-type infec-
tions (lineage assignment provided in Supplementary Table 2).
Patient demographics, symptoms, laboratory values, and
clinical outcomes are summarized in Table 2. Patients with
B.1.617.2 infection were older and with more comorbidities due
to an outbreak among elderly in a healthcare facility. They also
presented earlier in the illness course, partly due to aggressive
contact tracing as part of this outbreak. Eighteen patients devel-
oped breakthrough infection despite prior vaccination with at
least 1 dose of SARS-CoV-2 vaccine >14 days prior to infection
(all Pfizer-BioNTech/Moderna mRNA vaccines except 1 with
AstraZeneca vaccine).

Twenty-seven (17.2%) patients with VOC infection were
asymptomatic. The spectrum and frequency of other presenting
symptoms were similar to those of patients infected with wild-
type SARS-CoV-2. More patients with B.1.617.2 had pneu-
monia (49%), supplemental oxygen requirement (28%), and

ICU admission (4%); this greater disease severity is reflective of
their older age and greater comorbidity burden in this cohort.

In a multivariable logistic regression model, after adjust-
ment for age, sex, comorbidities, and vaccination status,
B.1.617.2 was associated with higher odds of pneumonia,
though this was not statistically significant (aOR, 1.88; 95%
CI: .95-3.76; Table 3). B.1.1.7 and B.1.351, on the other hand,
were significantly less likely to be associated with pneumonia.
Despite small numbers, B.1.617.2 was associated with signif-
icantly higher odds of severe infection (aOR, 3.02; 95% CI:
1.41-6.32; Supplementary Table 3). Individuals with B.1.617.2
infection were also more likely to receive remdesivir and/or
corticosteroid treatment.

Analysis of PCR Ct Values

Comparing viral shedding patterns in the NCID cohort, pa-
tients with B.1.617.2 infection had significantly longer dura-
tion of positive PCR with Ct <30, a surrogate indicator of viable
(therefore, infective) virus (Figure 2). When the infection group
was included as a fixed factor with B.1.1.7 as the reference in
the multivariable GAMM, B.1.617.2 was significantly associ-
ated with lower Ct values (P < .0005).

The Kaplan-Meier estimate of the median duration from
symptom onset to first Ct value >30 was 13 days for wild-
type, 14 days for B.1.1.7, 15 days for B.1.351, and 18 days for
B.1.617.2. The estimated duration from symptom onset to first
Ct value >30 was longer for B.1.617.2 compared with wild-type
(P=.01) and B.1.1.7 (P = .029), and it was similar when com-
pared with B.1.351 (P = .35; Figure 3). There was no significant
difference in estimated duration from symptom onset to first Ct
value >30 between B.1.1.7 and B.1.351 (P = .24). The estimated
duration from symptom onset to first Ct value >30 for wild-type
was not significantly different from that of B.1.1.7 (P = .54) and
B.1.351 (P = .38).

Table 1.
Sequences Available from 1 January 2021 to 22 May 2021 in Singapore

0dds Ratios of Candidate Predictors for Composite Outcome of Oxygen Requirement, Intensive Care Unit Admission, or Death in Cases With

Univariable Model

Multivariable Model®

Candidate Predictor Crude OR (95% Cl) P Value Adjusted OR (95% Cl) P Value
Variant

Others Ref Ref

B.1.1.7 (Alpha) 1.10 (.18-8.41) .920 1.88 (.30-14.76) .500

B.1.351 (Beta) 0.78 (.09-6.58) .807 1.69 (.19-14.69) .610

B.1.617.2 (Delta) 5.55 (1.66-34.44) .020 4.90 (1.43-30.78) .033
Age group, years

<45 Ref Ref

45-64 791 (3.64-18.562) <.001 6.62 (2.99-15.79) <.001

>65 19.73 (8.13-49.99) <.001 13.84 (5.48-36.62) <.001
Female sex 1.91 (1.03-3.58) .041 1.42 (.74-2.75) 291

P1 excluded due to small sample size (n = 967).
Abbreviations: Cl, confidence interval; OR, odds ratio.
#Adjusted for variant type, age group and sex.
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Table 2. Characteristics of 846 Wild-Type and 157 Variant of Concern Coronavirus Disease 2019 Cases

B.1.1.7 B.1.351 B.1.617.2
Variant: World Health Organization Label Wild-type (Alpha) (Beta) (Delta)
N 846 57 33 67
Demographics
Age, median (IQR), years 43 (28-55) 38 (27-43) 36 (31-41) 48 (37-63)
Age >65 years, n (%) 91 (11) 0(0) 0(0) 14 (21)
Male sex, (n, %) 466 (55) 35 (61) 24 (73) 34 (51)
Charlson comorbidity index, median (IQR) 0 (0-0) 0 (0-0) 0 (0-0) 0 (0-1.5)
Diabetes mellitus, n (%) 100 (12) 4(7) 4(12) 16 (24)
Hypertension, n (%) 144 (17) 10 (18) 2 (6) 13 (19)
Hyperlipidemia, n (%) 163 (19) 9(16) 3(9) 19 (28)
Imported infection, n (%) 456 (54) 50 (88) 31 (94) 24 (36)
Reinfection, n (%) 0(0) 0 (0) 1(3) 0(0)
Vaccination, n (%)? 0 (0) 0 (0) 5 (15) 18 (27)
Symptoms during illness, n (%)
Symptom onset to admission, median (IQR), days 4(2-7) 2 (1-4) 2 (0.5-4) 0(1-2)
Asymptomatic 5 (1) 10 (18) 10 (30) 7 (10)
Fever 581 (69) 33 (568) 14 (42) 48 (72)
Cough 541 (64) 28 (49) 10 (30) 31 (46)
Dyspnea 90 (11) 3(5) 1(3) 13 (19)
Sore throat 343 (41) 15 (26) 6(18) 23 (34)
Nasal congestion and/or rhinorrhea 269 (32) 11 (19) 6 (18) 11 (16)
Worst laboratory values, median (IQR)
Neutrophil, 10%/L 2.7 (3.6-4.9) 3.36 (2.7-4.4) 4.25 (3.4-5.5) 4.56 (3.7-6.3)
Lymphocyte, 10%/L 0.87 (1.2-1.7) 1.43 (1.1-1.8) 1.95 (1.5-2.7) 0.81 (0.6-1.2)
Alanine aminotransferase, U/L 26 (18-46) 29 (17-40) 29 (22-59) 37 (19-67)
C-reactive protein, mg/L 6.1 (1.4-28.3) 5.6 (2.5-23.5) 5.1 (2.2-12.1) 28.7 (10-101)
Lactate dehydrogenase, U/L 413 (347-567) 371 (309-436) 369 (314-441) 488 (385-631)
Polymerase chain reaction cycle threshold value 32.9 (29.3-35.6)° 20.5 (16.4-26.5) 178 (16.3-22.7) 15.6 (13.6-19.1)
Treatment, n (%)
Remdesivir 7 (1) 3(5) 1(3) 17 (25)
Corticosteroids 0(0) 3 (5) 1(3) 11 (16)
Outcome, n (%)
Pneumonia 320 (38) 9(16) 3(9) 33 (49)
Supplemental oxygen 96 (11) 3 (5) 1) 19 (28)
Intensive care unit admission 50 (6) 2 (4) 0(0) 3(4)
Death 12 (1) 0 (0) 0 (0) 1(1)

Abbreviation: IQR, interquartile range.

#Onset of symptoms or first positive polymerase chain reaction >14 days after first dose of coronavirus disease 2019 vaccine.

°n = 63.

DISCUSSION

In this retrospective cohort study comparing 3 VOCs with wild-
type SARS-CoV-2, we found a possible association between
B.1.617.2 infection and increased severity of COVID-19. This
finding was similar in a broad analysis of Singapore’s national-
level data and a detailed cohort of patient-level data with out-
comes of severe infection or pneumonia. It is uncertain the
extent to which this association reflects an effect of the variant,
a chance finding due to relatively small sample sizes, or differ-
ences in the groups of individuals who were not accounted for
in the multivariable models.

As part of broad-based disease surveillance, all international
arrivals to Singapore, close contacts of confirmed cases, and

patients who present with respiratory symptoms are screened
for SARS-CoV-2 infection via PCR. Additionally, individuals
in high-risk frontline occupations are subjected to regular rou-
tine testing. All confirmed infections are admitted for clinical
evaluation. As such, our cohort depicts the entire spectrum of
disease caused by VOCs, as opposed to only severe infections
in cohorts of hospitalized patients in other settings.

Due to the relatively small number of COVID-19 cases in
Singapore and a large healthcare resource buffer capacity, local
healthcare systems have not been overwhelmed by large case
numbers, obviating the significant confounding factor of re-
source limitations on clinical outcomes and mortality. The high
mortality rate reported from the outbreak of B.1.617.2 (and
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Table 3. 0dds Ratios of Candidate Predictors for Development of Coronavirus Disease 2019 Pneumonia from Firth's Logistic Regression Analysis

Univariable Model

Multivariable Model®

Candidate Predictor Crude OR (95% Cl) P Value Adjusted OR (95% Cl) P Value
Variant

Wild-type Ref Ref

B.1.1.7 (Alpha) 0.32 (.15-.63) .00050 0.42 (.19-.86) .016

B.1.351 (Beta) 0.19 (.051-.50) .00034 0.33 (.086-.93) .034

B.1.617.2 (Delta) 1.60 (.97-2.62) .066 1.88 (.95-3.76) .069
Hypertension 6.05 (4.23-8.78) <.0001 2.04 (1.31-3.20) .0016
Diabetes mellitus 6.23 (4.03-9.91) <.0001 2.29 (1.37-3.90) .0015
Presence of other comorbidity® 3.89 (2.64-5.79) <.0001 1.50 (.92-2.43) .10
Age group, years

<45 Ref Ref

45-64 4.26 (3.17-5.76) <.0001 2.92 (2.12-4.04) <.0001

>65 18.68 (11.2-32.7) <.0001 7.06 (3.81-13.5) <.0001
Female sex 0.88 (.68-1.14) .32 0.80 (.569-1.07) 14
Coronavirus disease 2019 vaccinated® 0.29 (.077-.81) .016 0.15 (.025-.62) .0072

Abbreviations: Cl, confidence interval; OR, odds ratio.

?Adjusted for lineage, hypertension, diabetes, presence of other comorbidities, age group, sex, and coronavirus disease 2019 (COVID-19) vaccination status.

®Presence of other comorbidity defined as Charlson score >1 after excluding diabetes mellitus from the calculation.

“Onset of symptoms or first positive polymerase chain reaction >14 days after first dose of COVID-19 vaccine.

other variants) in India has raised concerns regarding increased
pathogenicity, especially as novel VOCs continue to increase in
frequency throughout the world. Our finding of an association
between VOCs and clinical severity is concerning if replicated
in other situations and has been corroborated in recent tech-
nical reports from Public Health England and Public Health
Scotland [14, 25]. Both studies reported an increased risk of
hospitalization within 14 days of a positive test when infection
was by B.1.617.2 compared with B.1.1.7.

The association of VOCs with lower Ct values (a surrogate
for higher viral loads) and a longer duration of viral shedding
has important implications on transmissibility. B.1.1.7 has been
shown in multiple studies to have increased respiratory shed-
ding [12, 26, 27]. We demonstrate that this is seen in B.1.617.2
as well. Although patients with B.1.617.2 presented earlier in
the illness course in our cohort, the observed higher viral load
is sustained across the entire duration of illness up to day 21,
which would not have been impacted by timing of presentation

- B.1.1.7 = B.1.351 = B.1.617.2 = Wild-type

101

501

1 2 3 4 5 6 7 8 9 10

11 12 13 14 15 16 17 18 19 20 21

Day of illness

Figure 2. Scatter plot of serial Ct values and marginal effect of day of illness from generalized additive mixed models for the 3 variants of concern and wild-type infections.
B.1.17,n=47;B.1.351, n = 21; B.1.617.2, n = 58; wild-type, n = 59. Abbreviation: Ct, cycle threshold. Negative PCR result is denoted by Ct value of 45.
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Figure 3. Kaplan-Meier curves of cumulative events of Ct value >30 stratified by variants of concern and wild-type. Abbreviation: Ct, cycle threshold.

or diagnosis. These virologic data provide a mechanism to sup-
port the epidemiologic data that suggest greater transmissibility
of these VOCs [28]. Infection control policy with regard to du-
ration of isolation of infected patients and public health control
policies to reduce population-level transmission may have to be
reevaluated given higher viral loads and prolonged shedding. In
addition, future studies should quantify the duration of infect-
ivity by subjecting interval respiratory specimens to viral cul-
ture. Higher viral loads have been associated with COVID-19
morbidity and mortality in some studies, though inconsistently,
and it is not clear whether this reflects cause or effect [29, 30].
While there were a number of vaccine breakthrough infec-
tions in our cohort (18 patients with B.1.617.2, 5 with B.1.351;
all received 2 vaccine doses prior), these patients had only mild
disease, with none developing pneumonia or requiring supple-
mental oxygen. This provides real-world evidence of the protec-
tive efficacy of vaccination against severe disease by emerging
VOCs, underscoring the importance of rapid implementation of
vaccination programs. Clinical trials and post-implementation
surveillance studies have demonstrated vaccine efficacy against
B.1.1.7, B.1.351, and B.1.617.2 [31-34]. A separate study of
vaccine-breakthrough infections by B.1.617.2 has also shown
reduction in clinical severity with faster decline in viral loads
in vaccinated individuals [35]. Detailed epidemiologic investi-
gation was beyond the scope of this study, and we could not
perform calculations of vaccine effectiveness against VOCs in
our cohort. The population vaccination program in Singapore
started in January 2021, and coverage increased gradually to

26% at the end of the study period [36]. Additional studies
should be conducted to evaluate vaccine effectiveness against
emerging variants in terms of both transmission and severe
disease.

There are several limitations to this study. First, due to the
small sample size, there were few patients who required supple-
mental oxygen or ICU admission, and there were fewer deaths.
Smaller but statistically significant differences in clinical pre-
sentation with VOCs could have been missed due to inadequate
power. For example, large population studies in the United
Kingdom have found a signal toward increased mortality as-
sociated with B.1.1.7, which was not observed in a smaller co-
hort of hospitalized patients [10, 11, 37]. Larger cohort studies
to compare different VOCs should be conducted to corroborate
our findings.

Second, as this was a retrospective study, testing was not
protocolized and PCR testing was conducted on the basis of as-
sessment by individual managing physicians. Initial respiratory
samples were also not processed in a centralized laboratory;
therefore, estimation of viral load and shedding using Ct value
is only a surrogate measure. However, the SARS-CoV-2 testing
protocol in Singapore is conducted in a standardized manner
using only validated PCR assays, and any possible interassay
variability would have been distributed equally across the
entire cohort.

Third, the proportion of successfully sequenced isolates dif-
fered throughout the study period, with a greater likelihood of
successful sequencing in the later part of the study period. In
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Singapore, genomic surveillance has been conducted at NPHL
for all isolates with a Ct value <30 throughout 2021. Changes in
the proportion sequenced therefore reflects changes in the pro-
portion of infections diagnosed with PCR Ct values <30. This
may be due to a trend toward patients being diagnosed earlier
during the illness course (consequently, with lower Ct values) or
having a greater frequency of VOCs with higher viral loads (con-
sequently, lower Ct values). There may be other unrecognized
factors affecting the degree of success of genome sequencing;
however, since we compared successfully sequenced VOCs with
each other, this potential bias should have been mitigated.

Last, there are important differences between the control
cohort from 2020 and the VOC cohort from 2021, which in-
troduce bias to comparison between these cohorts. However,
better management and treatment protocols and improved
testing and contact tracing (with a resultant higher propor-
tion of asymptomatic [17.2% in the VOC cohort vs 0.6% in the
wild-type cohort] and early infections) in the VOC cohort are
expected to have biased toward decreased severity compared
with retrospective controls. Due to the limited ability to adjust
for other unrecognized confounders, these findings, while of
concern, should be interpreted with caution. There were also
limited virologic and sequencing data available from wild-type
infections in 2020, though this would not have impacted the
difference in viral loads observed between B.1.617.2 and other
2 VOC:s studied.

CONCLUSIONS

In this retrospective study, we found a possible association
between infection by the B.1.617.2 variant and the odds of
developing pneumonia or severe COVID-19. B.1.617.2 was as-
sociated with increased viral load and prolonged viral shedding
in respiratory samples. This has implications in infection con-
trol and public health policy. Vaccinated patients appeared to
have less severe illness. The increased transmissibility and pos-
sible greater severity of emerging variants provide a strong im-
petus for the rapid implementation of widespread vaccination
programs.
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