
RESEARCH ARTICLE

Clinical and survival differences during

separate COVID-19 surges: Investigating the

impact of the Sars-CoV-2 alpha variant in

critical care patients

Andrew I. Ritchie1,2☯, Owais Kadwani2☯, Dina SalehID
2, Behrad Baharlo2, Lesley

R. Broomhead2, Paul Randell2, Umeer Waheed2, Maie Templeton2, Elizabeth Brown2,
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Abstract

A number of studies have highlighted physiological data from the first surge in critically

unwell Covid-19 patients but there is a paucity of data describing emerging variants of

SARS-CoV-2, such as B.1.1.7. We compared ventilatory parameters, biochemical and

physiological data and mortality between the first and second COVID-19 surges in the

United Kingdom, where distinct variants of SARS-CoV-2 were the dominant stain. We per-

formed a retrospective cohort study investigating critically unwell patients admitted with

COVID-19 across three tertiary regional ICUs in London, UK. Of 1782 adult ICU patients

screened, 330 intubated and ventilated patients diagnosed with COVID-19 were included.

In the second wave where B.1.1.7 variant was the dominant strain, patients were had

increased severity of ARDS whilst compliance was greater (p<0.05) and d-dimer lower. The

28-day mortality was not statistically significant (1st wave: 42.2% vs 2nd wave: 39.8%).

However, when adjusted for key covariates, the hazard ratio for 28-day mortality in those

patients with B.1.1.7 was 3.79 (CI 1.04–13.8; p = 0.043) compared to the original strain. Dur-

ing the second surge in the UK, where the COVID-19 variant B.1.1.7 was most prevalent,

significantly more patients presented to critical care with severe ARDS. Furthermore, mor-

tality risk was significantly greater in our ICU population during the second wave of the pan-

demic in those patients with B.1.1.7. As ICUs are experiencing further waves (particularly by

the delta (B.1.617.2) variant), we highlight the urgent need for prospective studies describ-

ing immunological and pathophysiological differences across novel emerging variants.

Introduction

An estimated 5% of patients hospitalized with coronavirus disease 2019 (COVID-19) require

critical care unit admission, placing significant burden on global healthcare resources [1–3].
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Since the outbreak of COVID-19, caused by severe acute respiratory syndrome coronavirus 2

(SARS-CoV-2), the UK thus far experienced two discrete surges in cases, in keeping with

global trends. Distinction between waves in the pandemic is important given that in the UK,

the second peak coincided with the identification of a novel variant of concern: B.1.1.7 (termed

the Alpha strain). Whilst there is some debate about whether newly emerging variants have a

higher mortality than the original SARS-CoV-2 strain, the alpha strain is understood to exhibit

a higher natural reproductive number [4, 5].

A number of studies have highlighted ventilator parameters and outcomes from the first

surge in critically unwell COVID-19 patients. There is a paucity of data describing emerging

variants of SARS-CoV-2, such as the B.1.1.7 (which subsequently progressed to be the domi-

nant strain in many countries), and this is vital to understand any pathological differences

between emerging SARS-CoV-2 variants as the pandemic progresses.

The objective of this study was to examine clinical and survival differences in invasively

ventilated patients with COVID-19-related ARDS between waves of the pandemic, to help

identify important pathophysiological distinctions between variants.

Materials and methods

This is an observational analysis of all adult patients (�18 years), performed at three teaching

hospitals (within Imperial College NHS trust, London, UK), with the following inclusion crite-

ria in the first 24h after ICU admission: patients sedated and paralysed; requiring invasive

mechanical ventilation (with presence of all Berlin definition criteria for ARDS); and con-

firmed PCR SARS-CoV-2 infection (Fig 1). Physiological or ventilatory variable data was ret-

rospectively collected (at 60minutes following intubation) from patient records. Research

ethical approval was not required as this the study was carried out as a service evaluation

within the National Health Service (NHS) and recorded under the auspices of the clinical audit

office at Imperial College Healthcare NHS Trust and Institutional Data Protection Office.

Fig 1. Study flow diagram demonstrating number of study patients during each wave. Number of patients

receiving high flow nasal oxygen (HFNC), continuous positive airway pressure (CPAP) and non-invasive ventilation

(NIV) prior to intubation also recorded.

https://doi.org/10.1371/journal.pone.0269244.g001
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We defined the first wave as an admission to ICU between 23rd February 2020 to 31st Octo-

ber 2020, whilst the second wave was 1st November 2020 to 23rd February 2021, coinciding

with the UK Office of National Statistics epidemiological Data [6]. Investigators collecting data

were anonymised to those patients who had S-gene target failure (i.e. likely B.1.1.7 infection)

[7]. Patients were excluded if they were intubated at hospitals outside of the study (i.e. trans-

ferred in from external ICUs). Study patients were followed for 28 days or until they were dis-

charged from the ICU.

Comparison of continuous data between groups was performed using Student’s T test or

Wilcoxon-Mann-Whitney and comparison of categorical data was done using χ2 or Fisher’s

exact test. The Kaplan-Meier method and a Cox regression model was used to investigate ICU

survival and mortality risk to day 28. The relevant available clinical variable in the adjusted

model were sequential organ failure assessment (SOFA) score at ICU admission, sex, and age

as previously described [8]. We also accounted for interventions that were used more in the

second wave, that may have influenced mortality including application of non-invasive venti-

lation (NIV) or continuous positive pressure ventilation (CPAP), high flow nasal oxygen, ste-

roids and tocilizumab treatment [9–11]. All analyses were performed using STATA 15 (TX,

USA). All statistical tests were two-sided and a p-value<0.05 considered significant; due to

the exploratory nature of the study, significance level was not adjusted for multiple

comparisons.

Results

Of the 1782 ICU admissions screened, 540 were positive for SARS-CoV-2 and 330 patients

met inclusion criteria (1st wave: 175 patients; 2nd wave: 155 patients). Patient demographics

are described in Table 1. The severity of ARDS (as per Berlin guidelines) increased in Wave 2.

However, dynamic lung compliance was higher (1st wave: 27.5ml/cmH2O vs 2nd wave:

35.1ml/cmH2O, p<0.05) and fibrinogen degradation production (d-dimer) was significantly

lower (1st wave: 3334ng/ml vs 2nd wave: 2046ng/ml, p<0.05) (Fig 2).

We noted in the first wave 95.1% patients accepted for ICU care required intubation and

ventilation compared to 82.4% in the second wave (p<0.05) (Fig 1). Importantly, the practice

of sustained (>24hrs continuous use) non-invasive ventilation (NIV) and high-flow nasal can-

nulae (HFNC) prior to intubation and ventilation for patients increased in the second wave.

ICU Mortality during the second surge was not significantly different (1st wave: 42.2% vs

2nd wave: 39.8%, p<0.68) (Table 1) and our data did not demonstrate any survival improve-

ment between pandemic waves (log rank p = 0.630) (Fig 3). A Cox proportional hazard model

with the first pandemic wave as the reference group, demonstrated a non-significant adjusted

hazard ratio (HR) for ICU mortality of 1.39 in the second pandemic wave (95%CI 0.80–2.40,

p = 0.239; Fig 3, Table 2). However, in patients with variant B.1.1.7, ICU survival was found to

be poorer compared to the original variant (log rank p = 0.004) with an adjusted HR of 3.79

(CI 1.04–13.8; p = 0.043) (Fig 4, Table 3).

Discussion

This study compares and contrasts clinical parameters and physiological data in patients venti-

lated with COVID-19 ARDS across two discrete pandemic waves. We show that patients have

more severe ARDS in the second surge yet, dynamic lung compliance and fibrinogen degrada-

tion production (d-dimer) (a biomarker linked to increased inflammation, vascular endothe-

lial injury and a proposed predictor of poor outcome in COVID-19 [8, 12]) are improved.

When we adjust for the key variables in our cox proportional risk analysis model, we find

that in the second wave of the pandemic (despite use of repurposed therapeutics such as
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corticosteroids and Tocilizumab) [13–15], there is no improvement in ICU mortality. This

was particularly surprising considering the benefit of tocilizumab and corticosteroids in reduc-

ing COVID-19 mortality is well established [10, 11]. The ongoing emergence of novel variants

of interest is one plausible explanation for the increased risk. We found poorer survival in indi-

viduals with B.1.1.7 with a 3.79-fold increase in mortality risk compared to non-B.1.1.7 (albeit

with a large confidence interval). This finding contrasts with a previous report where no differ-

ence in ICU mortality was found between B.1.1.7 and non-B.1.1.7 COVID-19 patients. How-

ever, this study did not adjust for key covariates discussed above and may explain this

discrepancy. Indeed, data from the Intensive Care National Audit and Research Centre does

suggest a trend towards higher mortality during the second surge in the UK but did not specif-

ically examine the mortality between different variants [16]. Indeed emerging data does also

suggest and increased mortality risk from B.1.1.7 consistent with the data presented in this

report [17]. It may also be prudent to evaluate whether treatments found to have significant

mortality benefit with older COVID-19 variants, continue to be successful as variants mutate

and pathophysiology potentially alters.

Table 1. Key demographics, ventilation parameters, treatment and disease severity scores, by UK pandemic wave.

1st Wave 2nd Wave P value

Demographics N = 175 N = 155

Age—years 59.2 (10.1) 61.5 (11.2) 0.045

Sex—n (%) Male 125/175 (72.1%) 87/155 (56.5%) 0.005

BMI—kg/m2 28.4 (5.5) 29.4 (6.6) 0.133

Ethnicity White 28/175 (16.0%) 37/155 (23.9%) 0.073

Disease

ARDS Severity at intubation—n (%) Mild 29/175 (16.6%) 15/155 (9.7%) 0.013

Moderate 71/175 (40.6%) 63/155 (40.9%) ‥
Severe 75/175 (42.9%) 75/155 (48.7%) ‥

PF ratio—kPa 18.1 (10.6) 14.1 (6.3) 0.004

Crs−ml/cmH2O 27.3 (14.0) 33.8 (22.8) 0.007

D-dimer in first 24hr—ng/ml (IQR) 3334 (1545–9215) 2046 (1076–4580) 0.006

ICU length of stay—days (IQR) 18.7 (16.4) 12.1 (14.0) 0.004

HFNC$—n (%) 4/175 (2.4%) 22/155 (14.3%) <0.001

CPAP$—n (%) 29/175 (17.1%) 30/155 (19.5%) 0.573

NIV$—n (%) 10/175 (5.9%) 38/155 (24.7%) <0.001

ICU Mortality—n (%) 73/175 (42.2%) 63/155 (40.9%) 0.810

Disease severity scores

APACHE II 14.9 (5.4) 17.0 (6.9) 0.003

SOFA Score 6.4 (2.9) 6.1 (3.4) 0.313

Treatments

Steroids—n (%) 89/175 (50.9%) 153/155 (99.2%) <0.001

Tocaluzimab—n (%) 11/175 (6.3%) 49/155 (31.8%) <0.001

Remdesivir—n (%) 5/175(2.9%) 64/155 (41.6%) <0.001

Abbreviations: APACHE II, Acute Physiology And Chronic Health Evaluation II; BMI, Body Mass Index; CPAP, Continuous Positive Airways Pressure; Crs, static

compliance; HFNC, High Flow Nasal Cannulae; ICU, intensive care unit; IQR, interquartile range; n, number; NIV, Non-invasive ventilation; PF ratio, PaO2/FiO2

ratio; SOFA, Sequential organ failure assessment.
$ denotes treatment administered for >24hrs continuously, prior to mechanical ventilation.

Patient demographics and clinical data are reported as mean (standard deviation), median (inter-quartile range) or as percentages. Comparison of continuous data

between groups was done using Student’s T test or Wilcoxon-Mann-Whitney and comparison of categorical data was done using χ2 or Fisher’s exact test as appropriate.

https://doi.org/10.1371/journal.pone.0269244.t001
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Fig 2. Ventilator, biochemical and physiological data. A-E) demonstrates the change in static compliance, Pfr,

plasma d-dimer, APACHE II and SOFA score respectively. Upper limit for d-dimer concentration is 20,000ng/mL.

https://doi.org/10.1371/journal.pone.0269244.g002

Fig 3. Kaplan-Meier survival demonstrates the proportion of ICU survival by UK pandemic wave. Single hash

mark denotes an ICU discharge (alive). Log-rank p = 0.630 demonstrating no statistical difference in survival between

the pandemic waves.

https://doi.org/10.1371/journal.pone.0269244.g003
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Given the retrospective nature of this study and the relatively short experience with this

novel disease, there are likely to be a host of unknown confounding factors affecting the inter-

pretation of these results. A possible contribution is that by the second wave, experience man-

aging these critically unwell patients had become greater, which dictated changes to practice,

for example, increased administration of NIV and HFNC on acute respiratory units/medical

wards which in turn are likely to have altered the population referred to ICU. As well as

changes to patient selection, frailty and comordities, the timing of mechanical ventilation may

also have differed in the disease process. We have included d-dimer in our analysis as it has

been shown to correlate with disease severity and is an accurate biomarker for predicting

Table 2. Cox proportional risk analysis for mortality of all intubated and ventilated patients across both UK

waves of the Sars-Cov-2 pandemic.

Covariates Hazard ratio (95% CI) P value

Pandemic Wave

First Wave 1 (ref)

Second Wave 1.74 (1.05–2.89) 0.035

Sex

Male 1 (ref)

Female 0.67 (0.43–1.06) 0.241

Age 1.04 (1.02–1.06) < 0.001

Corticosteroid treatment 0.46 (0.27–0.78) 0.016

Tocilizumab treatment 1.36 (0.77–2.38) 0.875

High Flow Nasal Oxygen 1.76 (0.92–3.36) 0.779

NIV/CPAP 0.66 (0.42–1.04) 0.210

SOFA Score 1.04 (0.98–1.11) 0.031

Abbreviations: CI, confidence interval; SOFA, Sequential organ failure assessment.

https://doi.org/10.1371/journal.pone.0269244.t002

Fig 4. Kaplan-Meier survival demonstrates the proportion of ICU survival by Variant. Log-rank p = 0.004

demonstrating that those patients with variant B.1.1.7 have a significant less chance of survival compared to non-

B.1.1.7 variants.

https://doi.org/10.1371/journal.pone.0269244.g004

PLOS ONE Clinical and survival differences during separate COVID-19 surges

PLOS ONE | https://doi.org/10.1371/journal.pone.0269244 July 1, 2022 6 / 10

https://doi.org/10.1371/journal.pone.0269244.t002
https://doi.org/10.1371/journal.pone.0269244.g004
https://doi.org/10.1371/journal.pone.0269244


mortality in COVID-19 [8, 12]. However we found that in those patients with B.1.1.7, d-dimer

levels are improved compared to non-B.1.1.7 patients, despite the increase in mortality. There

are a number of potentially reasons for this including the effect of treatment such as steroids

or tocilizumab. Our data suggests that a re-evaluation is required of various biomarkers that

were initially thought to be predictive of disease severity as the pandemic progresses, particu-

larly with as newer variants are discovered and novel treatments are introduced into clinical

practice. For instance neutrophil/lymphocyte ratio was been associated with disease severity

with the original SARS-COV-2 variant due to significant reduction in lymphocytes and

increase of neutrophils in patients with severe COVID during this phase of the pandemic.

However this has not been replicated with subsequent waves and counts of neutrophils and

lymphocytes may not change significantly between different severity groups [18].

There are some limitations to our report. Firstly, the ventilator settings were not protoco-

lised instead judged to be most appropriate by the senior clinician following intubation. In

addition, some patients may have deteriorated post hospital discharge (e.g. at home) and whilst

this is likely to be similar in both waves, their outcome is not captured. Thirdly, whilst we con-

sidered the covariates to include in our analysis, we did not account for other co-morbidities

such as cardiovascular disease [19], cancer [20] and chronic kidney disease [21], all of which

have been associated with worse outcomes in COVID-19. Fourthly, scoring systems based

upon computer tomography (CT) have been used to characterize COVID-19 severity and out-

comes (e.g. requirement of mechanical ventilation/mortality) in patients, particularly on pre-

sentation to hospital [22]. CT scores were not included in this study as all patients were

already intubated and ventilated. Furthermore, we are unable to comment if ventilatory data at

time of intubation correlated with CT score as most patients had CT scans when clinically sta-

ble to undertake transfer to radiology departments, rather than specifically at the onset of

mechanical ventilation. Finally, cases of SARS-CoV-2 with an S gene target failure were identi-

fied as highly suspicious of B.1.1.7 and we did not perform complete genomic sequencing on

all patient samples. However S gene target failure has been shown to be a reliably distinguish

Table 3. Cox proportional risk analysis for mortality of all intubated and ventilated patients by B.1.1.7 and the

original variant.

Covariates Hazard ratio (95% CI)

Variant

Original variant 1 (ref)

B.1.1.7 variant 3.79 (1.04–13.83)

Pandemic Wave

First Wave 1 (ref)

Second Wave 0.39 (0.11–1.31)

Sex

Male 1 (ref)

Female 0.93 (0.54–1.60)

Age 1.04 (1.02–1.07)

Corticosteroid treatment 0.55 (0.32–0.95)

APACHE II Score 1.06 (1.00–1.12)

SOFA Score 0.94 (0.85–1.05)

Abbreviations: APACHE II, Acute Physiology And Chronic Health Evaluation II; CI, confidence interval; SOFA,

Sequential organ failure assessment. The adjusted for patient-level factors; age, sex, Sequential (Sepsis-Related) Organ

Failure Assessment (SOFA) score, APACHE II, Corticosteroid treatment—selected based on our study hypothesis,

existing literature [8] and hypothesized associations with mortality.

https://doi.org/10.1371/journal.pone.0269244.t003
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variant B.1.1.7 from the original SARS-CoV-2 strain and has been used as such in a number of

studies [23, 24].

Nevertheless, this study does yield important insights into the changing characteristics and

mortality within the ICU population across the first two waves of the pandemic. Although

mortality risk in patients with COVID-19 is tempered by corticosteroids and tocilizumab, our

data highlight that the alpha variant may result in a higher risk of death compared to the origi-

nal variant. As critical care units experience further waves (particularly those affected by the

delta (B.1.617.2) variant), we highlight the urgent need for further controlled prospective stud-

ies describing the immunological and pathophysiological differences across novel emerging

variants, which will improve mechanistic understanding of COVID-19 and potentially identify

novel therapeutic targets.
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phen J. Brett, Sanooj Soni.

Data curation: Andrew I. Ritchie, Owais Kadwani, Dina Saleh, Lesley R. Broomhead, Paul

Randell, Maie Templeton, Stephen J. Brett, Sanooj Soni.

Formal analysis: Andrew I. Ritchie, Owais Kadwani, Dina Saleh, Lesley R. Broomhead, Paul

Randell, Sanooj Soni.

Investigation: Behrad Baharlo, Sanooj Soni.

Methodology: Andrew I. Ritchie, Behrad Baharlo, Umeer Waheed, Stephen J. Brett, Sanooj

Soni.

Project administration: Sanooj Soni.

Software: Andrew I. Ritchie.

Supervision: Behrad Baharlo.

Writing – original draft: Andrew I. Ritchie, Owais Kadwani, Stephen J. Brett, Sanooj Soni.

Writing – review & editing: Andrew I. Ritchie, Stephen J. Brett, Sanooj Soni.

References
1. Wu Z, McGoogan JM. Characteristics of and Important Lessons From the Coronavirus Disease 2019

(COVID-19) Outbreak in China: Summary of a Report of 72 314 Cases From the Chinese Center for

Disease Control and Prevention. Jama. 2020; 323(13):1239–1242. https://doi.org/10.1001/jama.2020.

2648 PMID: 32091533

2. Chen N, Zhou M, Dong X, et al. Epidemiological and clinical characteristics of 99 cases of 2019 novel

coronavirus pneumonia in Wuhan, China: a descriptive study. Lancet. 2020; 395(10223):507–513.

https://doi.org/10.1016/S0140-6736(20)30211-7 PMID: 32007143

PLOS ONE Clinical and survival differences during separate COVID-19 surges

PLOS ONE | https://doi.org/10.1371/journal.pone.0269244 July 1, 2022 8 / 10

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0269244.s001
https://doi.org/10.1001/jama.2020.2648
https://doi.org/10.1001/jama.2020.2648
http://www.ncbi.nlm.nih.gov/pubmed/32091533
https://doi.org/10.1016/S0140-6736%2820%2930211-7
http://www.ncbi.nlm.nih.gov/pubmed/32007143
https://doi.org/10.1371/journal.pone.0269244


3. Noh J, Danuser G. Estimation of the fraction of COVID-19 infected people in U.S. states and countries

worldwide. PLoS One. 2021; 16(2):e0246772. https://doi.org/10.1371/journal.pone.0246772 PMID:

33556142

4. Iacobucci G. Covid-19: New UK variant may be linked to increased death rate, early data indicate. BMJ.

2021; 372:n230. https://doi.org/10.1136/bmj.n230 PMID: 33500262

5. Frampton D, Rampling T, Cross A, et al. Genomic characteristics and clinical effect of the emergent

SARS-CoV-2 B.1.1.7 lineage in London, UK: a whole-genome sequencing and hospital-based

cohort study. Lancet Infect Dis. 2021. https://doi.org/10.1016/S1473-3099(21)00170-5 PMID:

33857406

6. ES Knock LW, Lees JA et al. The 2020 SARS-CoV-2 epidemic in England: key epidemiological drivers

and impact of interventions. Imperial College London. 2021.

7. Davies NG, Jarvis CI, van Zandvoort K, et al. Increased mortality in community-tested cases of SARS-

CoV-2 lineage B.1.1.7. Nature. 2021.

8. Grasselli G, Tonetti T, Protti A, et al. Pathophysiology of COVID-19-associated acute respiratory dis-

tress syndrome: a multicentre prospective observational study. Lancet Respir Med. 2020; 8(12):1201–

1208. https://doi.org/10.1016/S2213-2600(20)30370-2 PMID: 32861276

9. Gorman E, Connolly B, Couper K, Perkins GD, McAuley DF. Non-invasive respiratory support strate-

gies in COVID-19. Lancet Respir Med. 2021; 9(6):553–556. https://doi.org/10.1016/S2213-2600(21)

00168-5 PMID: 33872588

10. Horby P, Lim WS, Emberson JR, et al. Dexamethasone in Hospitalized Patients with Covid-19. N Engl J

Med. 2021; 384(8):693–704. https://doi.org/10.1056/NEJMoa2021436 PMID: 32678530

11. Gordon AC, Mouncey PR, Al-Beidh F, et al. Interleukin-6 Receptor Antagonists in Critically Ill Patients

with Covid-19. N Engl J Med. 2021; 384(16):1491–1502. https://doi.org/10.1056/NEJMoa2100433

PMID: 33631065

12. Poudel A, Poudel Y, Adhikari A, et al. D-dimer as a biomarker for assessment of COVID-19 prognosis:

D-dimer levels on admission and its role in predicting disease outcome in hospitalized patients with

COVID-19. PLoS One. 2021; 16(8):e0256744. https://doi.org/10.1371/journal.pone.0256744 PMID:

34437642

13. Pinzón MA, Ortiz S, Holguı́n H, et al. Dexamethasone vs methylprednisolone high dose for Covid-19

pneumonia. PLoS One. 2021; 16(5):e0252057. https://doi.org/10.1371/journal.pone.0252057 PMID:

34033648

14. Paludan-Müller AS, Lundh A, Page MJ, Munkholm K. Protocol: Benefits and harms of remdesivir for

COVID-19 in adults: A systematic review with meta-analysis. PLoS One. 2021; 16(11):e0260544.

https://doi.org/10.1371/journal.pone.0260544 PMID: 34843589

15. Russo G, Solimini A, Zuccalà P, et al. Real-life use of tocilizumab with or without corticosteroid in

hospitalized patients with moderate-to-severe COVID-19 pneumonia: A retrospective cohort study.

PLOS ONE. 2021; 16(9):e0257376. https://doi.org/10.1371/journal.pone.0257376 PMID:

34506608

16. ICNARC. ICNARC COVID-19 Report. 2021. https://www.icnarc.org/DataServices/Attachments/

Download/2d288f8e-728e-eb11-912f-00505601089b.

17. Lin L, Liu Y, Tang X, He D. The Disease Severity and Clinical Outcomes of the SARS-CoV-2 Variants of

Concern. Frontiers in Public Health. 2021; 9. https://doi.org/10.3389/fpubh.2021.775224 PMID:

34917580

18. Gelzo M, Cacciapuoti S, Pinchera B, et al. Further Findings Concerning Endothelial Damage in

COVID-19 Patients. Biomolecules. 2021; 11(9). https://doi.org/10.3390/biom11091368 PMID:

34572581

19. Banerjee A, Chen S, Pasea L, et al. Excess deaths in people with cardiovascular diseases during the

COVID-19 pandemic. European Journal of Preventive Cardiology. 2021; 28(14):1599–1609. https://doi.

org/10.1093/eurjpc/zwaa155 PMID: 33611594

20. Han S, Zhuang Q, Chiang J, et al. Impact of cancer diagnoses on the outcomes of patients with COVID-

19: a systematic review and meta-analysis. BMJ Open. 2022; 12(2):e044661. https://doi.org/10.1136/

bmjopen-2020-044661 PMID: 35131810

21. Gasparini M, Khan S, Patel JM, et al. Renal impairment and its impact on clinical outcomes in patients

who are critically ill with COVID-19: a multicentre observational study. Anaesthesia. 2021; 76(3):320–

326. https://doi.org/10.1111/anae.15293 PMID: 33948938

22. Francone M, Iafrate F, Masci GM, et al. Chest CT score in COVID-19 patients: correlation with disease

severity and short-term prognosis. Eur Radiol. 2020; 30(12):6808–6817. https://doi.org/10.1007/

s00330-020-07033-y PMID: 32623505

PLOS ONE Clinical and survival differences during separate COVID-19 surges

PLOS ONE | https://doi.org/10.1371/journal.pone.0269244 July 1, 2022 9 / 10

https://doi.org/10.1371/journal.pone.0246772
http://www.ncbi.nlm.nih.gov/pubmed/33556142
https://doi.org/10.1136/bmj.n230
http://www.ncbi.nlm.nih.gov/pubmed/33500262
https://doi.org/10.1016/S1473-3099%2821%2900170-5
http://www.ncbi.nlm.nih.gov/pubmed/33857406
https://doi.org/10.1016/S2213-2600%2820%2930370-2
http://www.ncbi.nlm.nih.gov/pubmed/32861276
https://doi.org/10.1016/S2213-2600%2821%2900168-5
https://doi.org/10.1016/S2213-2600%2821%2900168-5
http://www.ncbi.nlm.nih.gov/pubmed/33872588
https://doi.org/10.1056/NEJMoa2021436
http://www.ncbi.nlm.nih.gov/pubmed/32678530
https://doi.org/10.1056/NEJMoa2100433
http://www.ncbi.nlm.nih.gov/pubmed/33631065
https://doi.org/10.1371/journal.pone.0256744
http://www.ncbi.nlm.nih.gov/pubmed/34437642
https://doi.org/10.1371/journal.pone.0252057
http://www.ncbi.nlm.nih.gov/pubmed/34033648
https://doi.org/10.1371/journal.pone.0260544
http://www.ncbi.nlm.nih.gov/pubmed/34843589
https://doi.org/10.1371/journal.pone.0257376
http://www.ncbi.nlm.nih.gov/pubmed/34506608
https://www.icnarc.org/DataServices/Attachments/Download/2d288f8e-728e-eb11-912f-00505601089b
https://www.icnarc.org/DataServices/Attachments/Download/2d288f8e-728e-eb11-912f-00505601089b
https://doi.org/10.3389/fpubh.2021.775224
http://www.ncbi.nlm.nih.gov/pubmed/34917580
https://doi.org/10.3390/biom11091368
http://www.ncbi.nlm.nih.gov/pubmed/34572581
https://doi.org/10.1093/eurjpc/zwaa155
https://doi.org/10.1093/eurjpc/zwaa155
http://www.ncbi.nlm.nih.gov/pubmed/33611594
https://doi.org/10.1136/bmjopen-2020-044661
https://doi.org/10.1136/bmjopen-2020-044661
http://www.ncbi.nlm.nih.gov/pubmed/35131810
https://doi.org/10.1111/anae.15293
http://www.ncbi.nlm.nih.gov/pubmed/33948938
https://doi.org/10.1007/s00330-020-07033-y
https://doi.org/10.1007/s00330-020-07033-y
http://www.ncbi.nlm.nih.gov/pubmed/32623505
https://doi.org/10.1371/journal.pone.0269244


23. Brown KA, Gubbay J, Hopkins J, et al. S-Gene Target Failure as a Marker of Variant B.1.1.7 Among

SARS-CoV-2 Isolates in the Greater Toronto Area, December 2020 to March 2021. Jama. 2021; 325

(20):2115–2116. https://doi.org/10.1001/jama.2021.5607 PMID: 33830171

24. Walker AS, Vihta K-D, Gethings O, et al. Tracking the Emergence of SARS-CoV-2 Alpha Variant in the

United Kingdom. New England Journal of Medicine. 2021; 385(27):2582–2585. https://doi.org/10.1056/

NEJMc2103227 PMID: 34879193

PLOS ONE Clinical and survival differences during separate COVID-19 surges

PLOS ONE | https://doi.org/10.1371/journal.pone.0269244 July 1, 2022 10 / 10

https://doi.org/10.1001/jama.2021.5607
http://www.ncbi.nlm.nih.gov/pubmed/33830171
https://doi.org/10.1056/NEJMc2103227
https://doi.org/10.1056/NEJMc2103227
http://www.ncbi.nlm.nih.gov/pubmed/34879193
https://doi.org/10.1371/journal.pone.0269244

