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Abstract

Introduction

The pathogenesis of COVID-19 depends on the interplay between host characteristics, viral

characteristics and contextual factors. Here, we compare COVID-19 disease severity

between hospitalized patients in Belgium infected with the SARS-CoV-2 variant B.1.1.7 and

those infected with previously circulating strains.

Methods

The study is conducted within a causal framework to study the severity of SARS-CoV-2 vari-

ants by merging surveillance registries in Belgium. Infection with SARS-CoV-2 B.1.1.7

(‘exposed’) was compared to infection with previously circulating strains (‘unexposed’) in

terms of the manifestation of severe COVID-19, intensive care unit (ICU) admission, or in-

hospital mortality. The exposed and unexposed group were matched based on the hospital

and the mean ICU occupancy rate during the patient’s hospital stay. Other variables identi-

fied as confounders in a Directed Acyclic Graph (DAG) were adjusted for using regression

analysis. Sensitivity analyses were performed to assess the influence of selection bias, vac-

cination rollout, and unmeasured confounding.

Results

We observed no difference between the exposed and unexposed group in severe COVID-

19 disease or in-hospital mortality (RR = 1.15, 95% CI [0.93–1.38] and RR = 0.92, 95% CI

[0.62–1.23], respectively). The estimated standardized risk to be admitted in ICU was
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significantly higher (RR = 1.36, 95% CI [1.03–1.68]) when infected with the B.1.1.7 variant.

An age-stratified analysis showed that among the younger age group (�65 years), the

SARS-CoV-2 variant B.1.1.7 was significantly associated with both severe COVID-19 pro-

gression and ICU admission.

Conclusion

This matched observational cohort study did not find an overall increased risk of severe

COVID-19 or death associated with B.1.1.7 infection among patients already hospitalized.

There was a significant increased risk to be transferred to ICU when infected with the

B.1.1.7 variant, especially among the younger age group. However, potential selection

biases advocate for more systematic sequencing of samples from hospitalized COVID-19

patients.

Introduction

Coronavirus disease 19 (COVID-19) resulting from infection with the severe acute respiratory

syndrome coronavirus 2 (SARS-CoV-2) has caused a major worldwide pandemic and public

health crisis since its spread to the human population by the end of 2019 in Wuhan, China [1,

2]. The clinical spectrum of COVID-19 disease ranges from asymptomatic or mild respiratory

tract illness to severe pneumonia and acute respiratory distress syndrome (ARDS) [3–6]. Also

among hospitalized COVID-19 patients, outcomes significantly differ between patients, across

settings, and over the course of the epidemic [7–10]. The pathogenesis of COVID-19 is com-

plex and multifactorial. The clinical impact depends on the interplay between host characteris-

tics [11–13], including age, certain comorbidities and genetic predisposition [14, 15],

vaccination [16–18] and therapeutics [19–21], healthcare organizational aspects [22], and viral

characteristics [23–25].

Next-generation sequencing (NGS) technologies make routine pathogen whole-genome

sequencing (WGS) accessible at the population level in high throughput within short time

frames [26–28], and has been extensively applied during the COVID-19 pandemic [29].

SARS-CoV-2, as other RNA viruses, evolves continuously. Most emerging variants will not

provide a selective advantage to the virus, however some can be of concern in terms of con-

tagiousness, vaccine escape or pathogenicity. The first Variant-Of-Concern (VOC) emerged in

September 2020 in the United Kingdom (UK) [30, 31] (labeled as alpha-variant, 20I/501Y.V1

or B.1.1.7) and has several mutations including one in the Receptor Binding Domain (RBD) of

the Spike (S) protein at position 501 (N501Y). Since December 2020, numerous other coun-

tries also reported cases of the B.1.1.7 lineage. By half of January it became the dominant circu-

lating variant in the European Union (EU) [32], likely related to its increased transmissibility

[33–35]. Indeed, evidence from epidemiological studies suggests that the B.1.1.7 variant is 43–

90% more transmissible than pre-existing variants [33] and that the B.1.1.7 variant increases

the effective reproduction number by a factor 1.5–2.0 [36]. Belgium experienced multiple

travel-related introductions of the B.1.1.7 variant, particularly in patients diagnosed around

the Christmas holidays [37]. After a constant rise in proportion starting from January 2021,

the B.1.1.7 lineage became the dominant lineage and represented more than half of all analyzed

samples by the end of February 2021 [38, 39], which was followed by a third epidemic wave. Its

enhanced transmissibility may be reflected by an increase in viral load [40, 41] and a high vire-

mia may have a role in disease pathogenesis as is the case for other respiratory viral infections
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[42–45]. Indeed, the concern had been raised that B.1.1.7 also causes more severe disease com-

pared to previously circulating strains by the UK New and Emerging Respiratory Virus

Threats (NERVTAG) group in January 2021 [46]. However, studies investigating the associa-

tion between B.1.1.7 and disease severity were often inconclusive or had conflicting results.

The updated NERVTAG report [47] underlined the potential limitations of used datasets in

terms of representativeness, power, potential biases in case ascertainment, selection, unmea-

sured confounders, and secular trends.

Continuous genomic surveillance enables the detection of emerging genetic variants. Infor-

mation on the estimated risk of a new variant causing more or less severe illness can assist cli-

nicians to make prognoses. Moreover, it is important information for policy makers to issue

guidelines, control transmission, and prepare the healthcare system by safeguarding healthcare

capacity. Van Goethem et al [48] presented a conceptual framework to study the effect of

SARS-CoV-2 variants on the severity of COVID-19 disease in hospitalized patients and

described how the causal effect of variants may be estimated from data that is gathered in Bel-

gium in the context of routine COVID-19 surveillance systems. In this study, we apply this

framework to examine the effect of the B.1.1.7 lineage on disease severity among hospitalized

COVID-19 patients.

Materials and methods

The study is conducted within a causal conceptual framework to assess the effect of SARS-

CoV-2 variants on COVID-19 disease severity among hospitalized patients [48]. The study

protocol has been registered on Open Science Framework (OSF) prior to data analysis (regis-

tration date July, 16th 2021, DOI: 10.17605/OSF.IO/ZG3DJ). This manuscript is reported

according to the STROBE guidelines [49].

Data sources

Sciensano, the Belgian national institute for health, has initiated the LINK-VACC project,

which allows linking of selected variables from existing COVID-19 registries through the

national registry number, including data on hospitalized COVID-19 patients from the Clinical

Hospital Survey (CHS) [50], laboratory test results (polymerase chain reaction (PCR) tests,

rapid antigen tests, and sequencing information) from the COVID-19 TestResult Database

[51], administered COVID-19 vaccines from the national vaccine registry (Vaccinnet+), and

socio-economic information from the Belgian Statistical Office (StatBel). Data on the hospital

bed occupancy was derived from the Surge Capacity Survey (SCS) [50]. Details on the different

data sources and its use within the proposed conceptual framework have been described else-

where [48].

Study population

The study population consists of hospitalized COVID-19 patients who were admitted in a Bel-

gian hospital from 31st August 2020 onwards and for whom an admission form was reported

in the CHS up to August 9th 2021. The analysis was restricted to those with a laboratory-con-

firmed COVID-19 infection (RT-PCR and/or rapid antigen test). Patients that were trans-

ferred, readmitted, or hospitalized in a hospital without an intensive care unit (ICU) were

excluded. Patients admitted during the first wave (i.e., admitted before August 31st 2020) were

excluded and the study period corresponds to the second and third wave of the COVID-19

epidemic in Belgium. Indeed, protocols, treatment regimens and professional experience of

healthcare personnel have substantially changed between the first and second wave, and are

considered to be more comparable between the second and subsequent waves.
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Exposure

Infection with the SARS-CoV-2 VOC B.1.1.7 (“alpha-variant”; exposed group) was compared

to infection with previously circulating SARS-CoV-2 strains (unexposed group). Exposure to

B.1.1.7 was identified through WGS (i.e., confirmed B.1.1.7 samples) obtained from both base-

line and active genomic surveillance, and the subsequent registration of the Pangolin lineage

[52] B.1.1.7 in the COVID-19 TestResult Database. As such, the exposed group consisted of

hospitalized COVID-19 patients with an admission form registered in the CHS and identified

as being infected with the B.1.1.7 variant through linkage with the COVID-19 TestResult Data-

base based on the national registry number. Patients of whom the sample was compatible with

a known VOC, as obtained through presumptive genotyping without WGS confirmation,

were not considered for the current analysis. To assure that the hospital admission was related

to the detected infection with the B.1.1.7 variant, patients with a sample collected more than 14

days before hospital admission or collected after hospital discharge were excluded. The unex-

posed group consists of COVID-19 patients with an admission form registered in the CHS

and diagnosed and admitted to the hospital before December 1st 2020, therefore considered to

be infected with previously circulating SARS-CoV-2 strains. According to GISAID’s EpiCoV

database, the first identified B.1.1.7 variant in Belgium dates back to November 30th 2020

(sample date). Therefore, it is highly unlikely that patients hospitalized before December 1st

2020 were infected with the B.1.1.7 variant.

Study design

The study is an observational multi-center matched cohort study where COVID-19 hospital-

ized patients are followed-up from hospital admission until death or hospital discharge and for

whom information was obtained by merging different national surveillance systems based on

the national registry number. The unexposed group was matched to the exposed group based

on the hospital and the mean ICU occupancy rate during the hospital stay of the patient in

order to assure similar levels of care between both exposure groups, as an oversaturated ICU

was previously shown to impact in-hospital mortality [22].

Outcome

The primary outcome among the hospitalized study population is the development of severe

COVID-19 defined as the presence of either ICU admission, ARDS, or in-hospital death. ICU-

admission and in-hospital mortality have also been analyzed as two secondary outcomes.

Confounding

The conceptual framework as described by Van Goethem et al [48] used Directed Acyclic

Graphs (DAGs) to represent the assumptions and limitations for estimating the causal effect of

SARS-CoV-2 variants on disease severity by means of observational data gathered from rou-

tine COVID-19 surveillance systems in Belgium. Several potential confounders of the variant-

severity relationship have been identified within the conceptual framework [48] and should be

adjusted for to estimate a causal effect. The variables identified as direct confounders in the

DAG were adjusted for using regression analysis whereas the indirect confounders (hospital

and ICU occupancy rate) were adjusted for using matching.

Statistical analyses

Matching was done using the MatchIt package [53]. Patients in the exposed group were

matched to patients from the unexposed group on the hospital in which they were admitted
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and on the average ICU bed occupancy rate (defined as the number of COVID-19 ICU

patients in the hospital divided by the hospital’s number of recognized ICU beds) during their

hospital stay. Exact matching with a rounding to 5% of the ICU occupancy rate was used, as

this resulted in the least loss of subjects while maintaining comparable levels of care between

exposed and unexposed matches. Demographic and clinical information of the matched study

population was presented per exposure status.

Twenty-fold multiple imputation of missing values was performed using the mice package

[54] for all covariates (see Table 1) used in the multivariable model (see further) and for all out-

comes. Binary, categorical and numerical variables were imputed with logistic regression, mul-

tinomial regression and predictive mean matching, respectively. The primary outcome,

disease severity, is an indicator based on three original variables and was passively imputed

and not used as predictor for missing values on its components. The imputation was per-

formed using thirty iterations to achieve good convergence of the MCMC and the visit

sequence was set from low to high proportion of missing data.

Regression standardization [55] was done using a weighted logistic model (using matching

weights) with the following covariates: SARS-CoV-2 variant, age, gender, ethnicity, comorbid-

ities (cardiovascular disease, hypertension, solid cancer, hematological cancer, chronic lung

disease, chronic kidney disease, chronic liver disease, chronic neurological disease, cognitive

disorder, diabetes, obesity, immunocompromised), place of infection (community, hospital,

nursing home), socio-economic variables (education level at the individual level, and popula-

tion density and median taxable income in the postcode of residence), vaccination status at

diagnosis (no vaccination, partially vaccinated, fully vaccinated), and two-way interactions of

these variables with the SARS-CoV-2 variant. Numeric variables were entered in the model

with linear and quadratic terms. The causal effect was estimated with a relative risk (RR) and a

risk difference (RD). Block bootstrapping [56] of matched pairs (B = 1000 replications) was

done on each imputed dataset [57] to estimate the variance on each parameter of interest.

Pooled point estimates and confidence intervals were then obtained using Rubin’s rules for

multiple imputation [58].

A stratified analysis according to age group (�65 and>65 years old) was performed and

considered as an exploratory analysis as it has not been pre-specified in the protocol.

All analyses were conducted in R 4.0.1 [59].

Sensitivity analyses

A first sensitivity analysis was performed including only WGS results obtained from baseline

unbiased surveillance (i.e., without active selection of specific patient groups as explained in

detail in the causal framework of Van Goethem et al [48]). A second sensitivity analysis was

performed including only patients that had not received a first vaccination dose before their

COVID-19 diagnosis. The same modeling procedure as above was conducted on these two

populations. Thirdly, robustness of the results to potential unmeasured or uncontrolled con-

founding and selection bias was assessed using the EValue package and summarized using the

multi-bias E-value [60, 61]. The E-value is defined as the minimum strength of association, on

the risk ratio scale, that an unmeasured confounder would need to have with both the treat-

ment and the outcome to fully explain away a specific treatment-outcome association, condi-

tional on the measured covariates [60].

Assessment of selection bias

Potential selection bias was assessed by comparing baseline characteristics and outcomes

between patients with and without available SARS-CoV-2 variant information (confirmed, i.e.
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Table 1. Baseline characteristics per exposure status within a multi-center matched cohort study to assess the impact of SARS-CoV-2 variants on COVID-19 disease

severity among hospitalized patients in Belgium.

Patients infected with B.1.1.7 (n = 500) Patients infected with previously circulating strains

(n = 3,419)

% n % n

Demographics

Age (years), median (IQR) 63 (50–76) 500 71 (55–82) 3417

Male gender, n (%) 276 55.2 500 1847 54.0 3419

Nursing home resident, n (%) 23 4.7 491 318 9.6 3297

Ethnicity, n (%)

European 383 84.4 454 2422 80.5 3007

North-African 39 8.6 454 368 12.2 3007

Sub-Saharan African 11 2.4 454 98 3.3 3007

Asian 13 2.9 454 53 1.8 3007

Hispanic 7 1.5 454 44 1.5 3007

Comorbidities

Cardiovascular Disease, n (%) 150 30.1 498 1130 33.1 3415

History of Arterial Hypertension, n (%) 163 32.7 498 1371 40.1 3415

Diabetes mellitus, n (%) 103 20.7 498 849 24.9 3415

Obesity, n (%) 81 16.3 498 442 12.9 3415

Chronic Pulmonary Disease, n (%) 83 16.7 498 496 14.5 3415

Chronic Neurological Disease, n (%) 27 5.4 498 255 7.5 3415

Chronic Cognitive Deficit, n (%) 27 5.4 498 356 10.4 3415

Chronic Renal Disease, n (%) 65 13.1 498 457 13.4 3415

Chronic Liver Disease, n (%) 10 2.0 498 82 2.4 3415

Solid Cancer, n (%) 46 9.2 498 373 10.9 3415

Haematological Cancer, n (%) 12 2.4 498 68 2.0 3415

Chronic Immunosuppression, n (%) 22 4.4 498 69 2.0 3415

Socio-economic status

Education levela, n (%)

Lower 78 23.2 336 647 26.9 2408

Lower secondary 85 25.3 336 719 29.9 2408

Higher secondary 105 31.3 336 587 24.4 2408

Post-secondary higher education 68 20.2 336 455 18.9 2408

Population densityb, median (IQR) 830 (350–2600) 488 1500 (590–2600) 3237

Median taxable income per capitac, median (IQR) 27000 (24000–28000) 488 26000 (23000–28000) 3237

Exposure

Place of infection, n (%)

Community-acquired 430 87.9 489 2609 79.5 3281

Hospital-acquiredd 41 8.4 489 373 11.4 3281

Nursing home-acquired 18 3.7 489 299 9.1 3281

Vaccination status

Vaccination categorye, n (%)

Pre-vaccination 433 86.6 500 3419 100.0 3419

Partial vaccination 38 7.6 500 0 0.0 3419

Post-vaccination 29 5.8 500 0 0.0 3419

Disease characteristics

Fever at admission, n (%) 251 50.2 500 1575 46.1 3414

Viral syndrome at admission, n (%) 222 44.4 500 1173 34.4 3414

Lower respiratory symptoms at admission, n (%) 357 71.4 500 1996 58.5 3414

(Continued)
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via WGS) obtained through baseline surveillance. The comparison was conducted among

patients diagnosed from March 1st 2021 onwards, as the majority of sequencing results were

available in the COVID-19 TestResult database starting from this date and this cut-off subse-

quently leads to a comparable distribution of patients over time in both groups. Assuming that

the majority of hospitalized patients had a B.1.1.7 variant during this time period [38], this

comparison helps to assess whether there is a difference in profiles of patients of whom sam-

ples were or were not sequenced (e.g., due to a higher viral load or preferential sequencing).

Ethics and data protection authorization

Ethical approval was granted for the gathering of data from hospitalized patients by the Com-

mittee for Medical Ethics from the Ghent University Hospital (reference number BC-07507)

and authorization for possible individual data linkage using the national register number from

the Information Security Committee (ISC) Social Security and Health (reference number IVC/

KSZG/20/384). Linkage of hospitalized patient data to vaccination, testing, sequencing and

socioeconomic data within the LINK-VACC project was approved by the medical ethics com-

mittee UZ Brussels–VUB on 03/02/2021 (reference number 2020/523) and obtained authori-

zation from the ISC Social Security and Health (reference number IVC/KSZG/21/034).

Table 1. (Continued)

Patients infected with B.1.1.7 (n = 500) Patients infected with previously circulating strains

(n = 3,419)

% n % n

Upper respiratory symptoms at admission, n (%) 56 11.2 500 291 8.5 3414

Gastrointestinal symptoms at admission, n (%) 141 28.2 500 772 22.6 3414

Anosmia at admission, n (%) 35 7.0 500 223 6.5 3414

CRP (mg/l) on admission, median (IQR) 65 (27–120) 474 52 (17–110) 3141

Lymphocytes (/mm3) on admission, median (IQR) 750 (270–1200) 451 940 (540–1400) 2928

LDH (U/l) on admission, median (IQR) 340 (250–470) 413 320 (250–450) 2771

PaO2 (mmHg) on admission, median (IQR) 65 (58–74) 350 65 (58–74) 1921

Outcomes

Severef COVID-19, n (%) 149 30.2 493 938 27.7 3389

ICU transfer, n (%) 115 23.1 498 520 15.2 3415

In-hospital mortality, n (%) 61 12.3 495 547 16.1 3407

Invasive ventilation, n (%) 31 6.2 500 221 6.5 3417

ECLS, n (%) 4 0.8 500 24 0.7 3418

Hospital length of stay (days), median (IQR) 8 (5–17) 500 9 (5–19) 3419

CRP: C-reactive protein; ECLS: Extracorporeal life support; ICU: intensive care unit; IQR: inter-quartile range; LDH: lactate dehydrogenase; PaO2: partial blood oxygen

pressure.
a Highest degree obtained. ED1: lower; ED2: lower secondary; ED3: higher secondary; ED5: higher.
b Population density at the postal code level of the residence of the patient.
c Median net taxable income per capita at the postal code level of the residence of the patient.
d Symptom onset or diagnosis more than 8 days after hospital admission.
e Pre-vaccination: diagnosed when no dose received or before 14 days after the first dose (for Pfizer/BioNTech, AstraZeneca and Moderna vaccine); Partial vaccination:

diagnosed 14 days after the first dose (for Pfizer/BioNTech, AstraZeneca and Moderna vaccine) but before 14 days after the full dose (2 doses for Pfizer/BioNTech,

AstraZeneca and Moderna vaccine and 1 dose for Johnson & Johnson vaccine); Post-vaccination: diagnosed�14 days after the full dose (2 doses for Pfizer/BioNTech,

AstraZeneca and Moderna vaccine and 1 dose for Johnson & Johnson vaccine).
f Defined as a combination of three binary severity indicators: having been admitted to ICU or developed acute respiratory distress syndrome (ARDS) and/or died in the

hospital.

https://doi.org/10.1371/journal.pone.0269138.t001
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Inform consent was waved based on art 6 and 9 of the GDPR. The collection is allowed

based on general interest (art. 6 GDPR) and regarding article 9 § 2of the GDPR: processing is

necessary for reasons of public interest in the area of public health, such as protecting against

serious cross-border threats to health or ensuring high standards of quality and safety of health

care and of medicinal products or medical devices, on the basis of Union or Member State law

which provides for suitable and specific measures to safeguard the rights and freedoms of the

data subject, in particular professional secrecy.

Results

Basic descriptive characteristics of the matched study population

As recorded on August 9th 2021, the CHS database contained a total of 73,370 case records of

COVID-19 patients, of which admission forms were received for 67,948 patients (Fig 1). After

exclusion of patients not meeting inclusion criteria, a total of 35,558 hospitalized COVID-19

Fig 1. Flow chart for the selection of patients within a multi-center matched cohort study to assess the impact of SARS-CoV-2 variants on COVID-19

disease severity among hospitalized patients in Belgium.

https://doi.org/10.1371/journal.pone.0269138.g001
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patients were recorded as admitted after August 31st 2020 and 17,642 (49.6%) of them had

available exposure information. These were either identified as having a confirmed B.1.1.7

infection (n = 523; exposed) upon linkage with the COVID-19 TestResult Database, or classi-

fied as unexposed (n = 17,119), meaning that they were diagnosed and admitted before

December 1st 2020 and consequently considered as being infected with previously circulating

SARS-CoV-2 strains. From the 523 patients with a confirmed B.1.1.7 infection (exposed), 500

could be matched to 3,419 patients infected with previously circulating strains (unexposed)

based on the hospital and the mean ICU occupancy rate rounded to 5% and a total of 3,919

cases were thus included in the descriptive analysis.

Median age was 70 years (IQR 54–82), 54% (2,123/3,919) were male, and 9% (341/3,788)

were nursing home residents. A total of 2,324 (59%) patients were admitted to a general hospi-

tal, 1,016 (26%) to a general hospital with university character, and 579 (15%) to a university

hospital. The median hospital length of stay was 9 days (IQR 5–19). The median ICU bed

occupancy rate (i.e., the number of recognized ICU beds occupied by COVID-19 patients)

averaged over the patient’s hospital stay was 35% (IQR 23–47%). The overall occurrence of

severe COVID-19, ICU-admission, and in-hospital mortality, were 28% (1,087/3,882), 16%

(635/3,913), and 16% (608/3,902), respectively.

Table 1 shows patient characteristics by exposure status. Patients with a confirmed B.1.1.7

infection (exposed) were diagnosed between December 23rd 2020 and July 23rd 2021, whereas

patients infected with previously circulating strains (unexposed) were diagnosed before

November 30th 2020. Given these different time periods, patients infected with previously cir-

culating strains were unvaccinated, whereas 5.8% (29/500) patients with a confirmed B.1.1.7

infection were fully vaccinated at the time of diagnosis. Patients with a confirmed B.1.1.7 infec-

tion were younger by eight years and less frequently had arterial hypertension, diabetes melli-

tus, and chronic cognitive deficit than patients infected with previously circulating strains. On

the other hand, patients with a confirmed B.1.1.7 infection were more frequently immuno-

compromised and obese. Also, there were fewer nursing home residents among patients with

a confirmed B.1.1.7 infection, and they consequently contracted their infection more fre-

quently within the community rather than in health care settings. Patients with a confirmed

B.1.1.7 infection more frequently presented with symptoms at hospital admission. Using the

matching weights, the hospitals and the mean ICU occupancy rate were perfectly balanced

between both exposure groups.

Causal inference estimates

Table 2 presents the causal effect estimates for infection with B.1.1.7 on the risk of severe

COVID-19, ICU admission, and in-hospital mortality among hospitalized patients as com-

pared to infection with previously circulating variants. The standardized risk (with respect to

the model and the covariate distribution) of severe COVID-19 was 27.2% (95% CI [24.6–

29.7]) in the hospitalized patients when infected with previously circulating variants and

31.4% (95% CI [26.0–36.8]) in the hospitalized patients when infected with the B.1.1.7 variant.

The difference between both exposure groups was not statistically significant at the 5% level

(RD: 4.3%, 95% CI [-1.7–10.2]; RR = 1.15, 95% CI [0.93–1.38]). The estimated standardized

risk to be admitted in ICU was a significant 5.7% higher in the patients when infected with the

B.1.1.7 variant (95% CI [1.0–10.4]), whereas the estimated standardized risk of in-hospital

mortality was a non-significant 1.2% lower (95% CI [-6.2–3.8]).

The age-stratified analysis (Table 3) revealed that among the younger age group (�65

years) both the risk of severe COVID-19 and ICU admission was significantly higher in the

patients when infected with the B.1.1.7 variant as compared to when infected with previously
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circulating strains (RR = 1.55, 95% CI [1.15–1.97] and RR = 1.69, 95% CI [1.21–2.17], respec-

tively). There was no increased risk of severe COVID-19 or ICU admission for the elderly

patients (>65 years) when infected with the B.1.1.7 variant (RR = 1.04, 95% CI [0.75–1.33] and

RR = 1.13, 95% CI [0.11–2.16], respectively). There was no significant increased risk of in-hos-

pital mortality in neither of the age groups (�65 or >65 years).

Sensitivity analyses

A first sensitivity analysis assessed whether only including samples sequenced within the con-

text of baseline (i.e., without active) surveillance would influence the results. S1 Fig shows a

flowchart for selection of patients for whom WGS was performed in the context of baseline

surveillance. From the 264 patients with a confirmed B.1.1.7 infection identified through base-

line surveillance, 253 could be matched to 2,126 patients infected with previously circulating

variants. The causal effect estimates within this subgroup, as presented in S1 Table, are similar

compared to the main analysis results.

Table 3. Risk per exposure group (in %), Relative Risk (RR) and Risk Difference (RD, in %) estimates and 95%

Confidence Interval (CI) for main and secondary outcomes, stratified per age group, within a multi-center

matched cohort study to assess the impact of SARS-CoV-2 variants on COVID-19 disease severity among hospi-

talized patients in Belgium.

Outcome Risk a (in %) [95% CI] RR [95% CI] RD (in %) [95% CI]

PCV B.1.1.7 b

Age� 65 years

Severe COVID-19 c 16.9 [14.4–19.5] 26.4 [20.4–32.3] 1.55 [1.15–1.97] 9.5 [3.2–15.7]

ICU-admission 14.7 [12.2–17.2] 24.8 [18.9–30.7] 1.69 [1.21–2.17] 10.1 [3.9–16.3]

In-hospital mortality 3.9 [2.4–5.4] 7.3 [1.2–13.4] 1.85 [0.16–3.55] 3.4 [-2.9–9.6]

Age > 65 years

Severe COVID-19 c 34.3 [30.8–37.9] 35.8 [27.1–44.4] 1.04 [0.75–1.33] 1.4 [-8.3–11.1]

ICU-admission 16.8 [13.9–19.8] 19.1 [11.8–26.4] 1.13 [0.11–2.16] 2.3 [-5.6–10.2]

In-hospital mortality 24.5 [21.3–27.8] 24.0 [15.2–32.9] 0.98 [0.60–1.36] -0.5 [-9.8–8.8]

CI: confidence interval; ICU: intensive care unit; PCV: previously circulating variants; RD: risk difference; RR: risk

ratio.
a Standardized risk with respect to the model and covariate distribution.
b Confirmed via Whole-Genome Sequencing (WGS)
c Presence of acute respiratory distress syndrome (ARDS), ICU admission and/or in-hospital death.

https://doi.org/10.1371/journal.pone.0269138.t003

Table 2. Risk per exposure group (in %), Relative Risk (RR) and Risk Difference (RD, in %) estimates and 95%

Confidence Interval (CI) for main and secondary outcomes within a multi-center matched cohort study to assess

the impact of SARS-CoV-2 variants on COVID-19 disease severity among hospitalized patients in Belgium.

Outcome Risk a (in %) [95% CI] RR [95% CI] RD (in %) [95% CI]

PCV B.1.1.7 b

Severe COVID-19 c 27.2 [24.6–29.7] 31.4 [26.0–36.8] 1.15 [0.93–1.38] 4.3 [-1.7–10.2]

ICU admission 15.9 [13.7–18.1] 21.6 [17.5–25.7] 1.36 [1.03–1.68] 5.7 [1.0–10.4]

In-hospital mortality 16.2 [14.0–18.4] 15.0 [10.2–19.7] 0.92 [0.62–1.23] -1.2 [-6.2–3.8]

CI: confidence interval; ICU: intensive care unit; PCV: previously circulating variants; RD: risk difference; RR: risk

ratio.
a Standardized risk with respect to the model and covariate distribution.
b Confirmed via Whole-Genome Sequencing (WGS)
c Presence of acute respiratory distress syndrome (ARDS), ICU admission and/or in-hospital death.

https://doi.org/10.1371/journal.pone.0269138.t002
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The second sensitivity analysis excluded patients that had received at least one vaccination

dose before their COVID-19 diagnosis, in order to account for the impact of the vaccination

rollout between the exposed and unexposed group. S2 Fig shows a flow chart for selection of

patients that did not receive a vaccination dose before their COVID-19 diagnosis. From the

419 patients with a confirmed B.1.1.7 infection and no vaccination dose received before diag-

nosis, 405 could be matched to 2,881 patients infected with previously circulating variants. The

causal effect estimates within this subgroup, as presented in S2 Table, are similar compared to

the main analysis results.

The E-value and multi-bias E-value were calculated to assess the influence of selection bias

(e.g., based on the viral load) and/or unmeasured confounding (e.g., genetic profile of the

patient) on the observed RR for each of the outcomes (S3 Table). The observed significant RR

of 1.36 for ICU admission could be explained by an unmeasured confounder that was associ-

ated with both the exposure (SARS-CoV-2 variant) and ICU admission by a RR of 2.06-fold

each, above and beyond the measured confounders, but weaker confounding could not do so;

the confidence interval could be moved to include the null by an unmeasured confounder that

was associated with both the exposure and ICU admission by a RR of 1.21-fold each, above

and beyond the measured confounders, but weaker confounding could not do so. The same

applies to selection on a variable with associations to both exposure and ICU transfer of at

least 2.06 (1.21 for the 95% CI). A multi-bias E-value of 1.60 was obtained when considering

both unmeasured confounding and selection bias simultaneously. This means that an unmea-

sured confounder with an association on the RR-scale of at least 1.60 to both exposure and out-

come and selection on a variable with an association on the RR-scale of at least 1.60 to both

exposure and outcome could explain the observed effect (above and beyond the variables that

were controlled for in the model).

Selection bias

Selection bias was assessed by comparing the differences between patients of whom the SARS-

CoV-2 positive sample was or was not selected for WGS analysis. Patients of whom the sample

was compatible with a known VOC, as obtained through presumptive genotyping without

WGS confirmation, were excluded. From the 9,599 patients with an available admission form

registered in the CHS, meeting the inclusion criteria, and admitted in the hospital after March

1st 2021, 672 (7%) had a sample with a confirmed Pangolin lineage. About half of those

sequencing results (53%; 357/672) were obtained through baseline surveillance. S4 Table com-

pares patients with variant information (obtained through baseline WGS surveillance) to

patients without SARS-CoV-2 variant information. Patients for whom baseline WGS surveil-

lance was performed were more frequently males, nursing home residents, immunocompro-

mised, fully vaccinated, admitted to a university hospital, and contracted their infection more

frequently within the hospital. Moreover, these patients were more frequently transferred to

ICU as compared to patients without available sequence information. When stratifying per

hospital type, patients in general hospitals with viral sequence data were more frequently

admitted into ICU as compared to patients without viral sequence data (20.9%; 95% CI

[15.9%– 26.8%] and 13.7%, 95% CI [12.8%– 14.5%], respectively), whereas this difference was

not observed among patients admitted to general hospitals with university characteristics or

university hospitals.

Discussion

This study aimed to assess the effect of the SARS-CoV-2 VOC B.1.1.7 (also labeled as alpha-

variant) on disease severity among hospitalized COVID-19 patients within an existing causal
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framework [48] using linked data from routine COVID-19 surveillance systems in Belgium.

We observed no significant difference in severe COVID-19 disease or in-hospital mortality by

SARS-CoV-2 lineage (B.1.1.7 versus non-sequenced previously circulating variants) in an

adjusted analysis (RR = 1.15, 95% CI [0.93–1.38] and RR = 0.92, 95% CI [0.62–1.23], respec-

tively). This is in line with the findings from Frampton et al [40] where no association was

found between B.1.1.7 infection and severe disease or death within a hospitalized cohort. On

the other hand, community-based studies revealed an increased risk of overall mortality asso-

ciated with B.1.1.7 in people testing positive for COVID-19 [62–65]. These findings may sug-

gest that the effect of B.1.1.7 is different in a hospitalized cohort than in the general population

and does not exclude an increased risk of hospital admission with the B.1.1.7 lineage [64].

Indeed, a Danish [66] and two UK [67, 68] studies suggested that infection with lineage B.1.1.7

was associated with an increased risk of hospitalization compared with that of other circulating

strains or the wild-type variant. As such, it is possible that the B.1.1.7 variant has an increased

risk of hospitalization, but that there is no additive risk of mortality once hospitalized [40, 64,

69]. However, restricting the analysis to hospitalized patients may induce collider bias [70, 71].

Among hospitalized patients, the relationships between any variables that relate to hospitaliza-

tion will be distorted compared to the relationships that exist among the general population

[70]. As such, the identified associations within the hospitalized population may not reflect the

patterns in the general population (i.e., lack of external validity) [71].

The estimated standardized risk to be admitted in ICU was significantly higher (RR = 1.36,

95% CI [1.03–1.68]) in the patients when infected with the B.1.1.7 variant. This is in line with

the findings from a community-based study by Patone et al who reported that people infected

with lineage B.1.1.7 had double the risk of admission to ICU compared to those infected with

non-B.1.1.7 SARS-CoV-2 [64]. However, we should be aware that selection bias could poten-

tially invalidate our causal inference estimates [61]. Here, we observed that patients with vari-

ant information available differ from patients of whom the samples were not selected for WGS

analysis. As such, 22% of hospitalized patients with available sequencing results were trans-

ferred to ICU, whereas this was only the case for 16% of hospitalized patients without informa-

tion on the SARS-CoV-2 lineage of their infection. This could in part be explained by the fact

that patients with available sequence information were more often admitted to a university

hospital where the proportion of ICU transfers is higher. However, given our matched cohort

design, the type of hospital is perfectly balanced between the exposed and unexposed group

and should not result in confounding. Furthermore, the model also matches patients based on

levels of ICU occupancy, as patients may less likely be admitted when ICU capacity is oversatu-

rated. Still, selection bias may arise when the samples from ICU patients are preferentially

selected for WGS. Indeed, if a nonrandom selection of samples for WGS based on the severity

of disease or ICU admission occurs, this may partially explain why we observed a higher stan-

dardized risk for ICU admission for patients with a confirmed B.1.1.7 infection compared to

patients without available sequencing results that were considered to be infected with previ-

ously circulating strains. However, a sensitivity analysis considering only sequencing results

obtained through baseline (unbiased) surveillance provided similar results. Another potential

source of bias is the fact that only samples with a sufficiently high viral load (�103−104 RNA

copies/mL) can be sequenced due to technical limitations. This could bias our conclusions, as

a higher viral load can be associated with severe disease [42]. However, the viral load also

depends on the stage in which the patient is sampled (time of sampling) and the underlying

conditions of the patients. Here, the robustness of our obtained causal inference estimates to

potential uncontrolled confounding, such as the viral load, was assessed using the E-value [60].

If both the association between viral load and exposure (i.e., SARS-CoV-2 variant) and the

association between viral load and ICU transfer, is at least 2.06 on the risk ratio scale
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(conditional on the other included covariates), this could completely nullify the observed

causal estimate (RR = 1.36, 95% CI [1.03–1.68]) to be admitted in ICU. This relatively large E-

value implies that considerable unmeasured or uncontrolled confounding would be needed to

explain away our obtained effect estimate.

Our exploratory analyses revealed important differences in the risk for severe COVID-19

and ICU admission associated with the B.1.1.7 variant according to age. We did observe an

increased risk of severe COVID-19 related to the B.1.1.7 variant among the younger age group

(�65 years), whereas severity seemed to be independent of the SARS-CoV-2 variant among

the older age group (>65 years). This is line with an analysis based on data from seven EU

countries that also suggests a higher risk for hospitalization and ICU admission in age groups

<60 years for B.1.1.7, whereas this was not the case for the older age groups [72]. One hypothe-

sis to explain these observations is that the B.1.1.7 variant causes a higher viral load [40] as

compared to previously circulating variants, but that the positive correlation between viral

load and disease severity is only observed in younger patients. Indeed, it has been shown that

respiratory viral loads were generally correlated with inflammatory responses in younger

patients, but less correlated with those in older patients [73].

Within the current study, the exposed and unexposed group are completely separated in

time. As a limitation, the unexposed in the analysis did not have information (obtained

through WGS) on the SARS-CoV-2 variant of their infection. They were defined as being

infected with ‘previously circulating strains’ as they were diagnosed and admitted in the hospi-

tal before December 1st 2020, i.e., before the circulation of any VOC in Belgium. However, we

cannot rule out the possibility that a patient was hospitalized in Belgium after being infected

with a VOC abroad. As large-scale COVID-19 genomic surveillance was initiated when B.1.1.7

became dominant in Belgium, there were insufficient sequenced non-VOC samples from

patients hospitalized after December 1st 2020 to facilitate comparisons. Given the different

time periods and the non-randomized observational study design, the exposed and unexposed

groups considerably differ in terms of patient characteristics and contextual factors. The pro-

file of hospitalized patients may change over time according to the demography of the viral cir-

culation. Indeed, the patients in the exposed group were younger (in line with Frampton et al
[40]), which may also explain the differences in distributions of comorbidities, illness severity,

and presenting symptoms at admissions between both groups. Given the different time peri-

ods, there may be an impact of the vaccination rollout in Belgium which started in early 2021

and targeted in priority the nursing home residents, healthcare workers, and people with

comorbidities. However, a sensitivity analysis excluding the vaccinated patients provided simi-

lar results. Further, although there were no apparent changes in national or regional policies,

there may exist differences in indications for hospitalization of COVID-19 patients between

the two time periods related to the number of available beds and medical personnel. However,

we believe that matching the exposure groups based on the mean ICU occupancy rate (calcu-

lated as the number of COVID-19 patients occupying the recognized ICU beds within the hos-

pital in which the patient was admitted and averaged over the patient’s hospital stay)

controlled well for the risk of hospital or ICU admission related to organizational characteris-

tics. In addition, matching on the hospital enables to account for between-hospital differences

in admission criteria and levels of care. Moreover, the decision-making process to admit

COVID-19 patients may also be influenced by individual patient characteristics such as age.

Therefore, a major strength of the current study in general is the ability to control for an exten-

sive list of potential confounders (i.e., patient characteristics and contextual factors that differ

between the two time periods) given the detailed patient information that is collected within

the CHS and the linkage to other data sources. For instance, our ability to control for the mean

ICU occupancy rate is an important strength given previous observations that mortality is
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affected by how many patients require intensive care in a hospital setting [22, 74]. As a limita-

tion, we missed information on the staff to patient ratio and could not take into account the

number of newly created ICU beds per hospital. Also, there may exist other time-dependent

factors for which we are unable to adjust. This will in general always be an issue, as different

emerging variants will become dominant consecutively over time and as there is often only a

short period in which two variants co-circulate and can be directly compared. Also, in order to

study the clinical impact of variants within the current framework based on linking routine

COVID-19 registries, one variant may need to dominate a previous one before a sufficiently

large sample size is reached. This has implications for the timeliness of the results for guiding

policy making.

The limitations that we encountered with regard to potential selection biases and a sample

size that depends on the linkage of existing COVID-19 registries, emphasizes the need for

more systematic sequencing of samples from hospitalized COVID-19 patients. A major focus

of the current genomic surveillance program is on detecting new emerging variants and flag-

ging specific events, such as break-through cases, re-infections, and geographic dynamics by

monitoring returning travelers [75]. However, a detailed analysis of the association between

SARS-CoV-2 variants and disease severity requires a sufficiently large and representative sam-

ple. This could be achieved by a better alignment of the different stakeholders. For example,

sequencing capacity could be efficiently redistributed by performing random or exhaustive

sequencing of COVID-19 samples from hospitalized patients. This would optimize linking of

multiple independent data sources in settings where this is required. Further, the indication

for sequencing (i.e., baseline versus active surveillance of severe patients) should be well docu-

mented by the laboratories when reporting data in order to avoid selection biases.

Conclusions

In this observational multi-center matched cohort study, we observed that among patients

already hospitalized, no increased risk of severe COVID-19 infection or death associated with

B.1.1.7 infection was found compared to previously circulating SARS-CoV-2 strains. Within

an age-stratified analysis we did observe that among the� 65 age group the risk for severe

COVID-19 was higher among patients when infected with the B.1.1.7 variant, whereas severity

was independent of the SARS-CoV-2 variant among the older age group (>65 year). Although

we should take into account the risk of non-random selection of samples for WGS, we did

observe an overall association with B1.1.7 infection and ICU admission. While at the moment

of writing the delta-variant has completely dominated the B.1.1.7 variant [76], this analysis

may still provide useful scientific information for future comparisons with new emerging vari-

ants. Performing real-time and unbiased assessments of the severity related to emerging

SARS-CoV-2 variants should be foreseen in the future. Systematic screening of samples from

hospitalized COVID-19 patients is needed to avoid potential biases.
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52. Rambaut A, Holmes EC, O’Toole Á, Hill V, McCrone JT, Ruis C, et al. A dynamic nomenclature pro-

posal for SARS-CoV-2 lineages to assist genomic epidemiology. Nature Microbiology. 2020; 5: 1403–

1407. https://doi.org/10.1038/s41564-020-0770-5 PMID: 32669681

53. Ho D, Imai K, King G, Stuart EA. MatchIt: Nonparametric Preprocessing for Parametric Causal Infer-

ence. Journal of Statistical Software. 2011; 42: 1–28. https://doi.org/10.18637/jss.v042.i08

54. Buuren S van, Groothuis-Oudshoorn K. mice: Multivariate Imputation by Chained Equations in R. Jour-

nal of Statistical Software. 2011; 45: 1–67. https://doi.org/10.18637/jss.v045.i03

55. Robins J, Hernan MA. Causal Inference: What If. Boca Raton: Chapman & Hall/CRC; 2020.

56. Abadie A, Spiess J. Robust Post-Matching Inference. Journal of the American Statistical Association.

2020; 0: 1–13. https://doi.org/10.1080/01621459.2020.1840383

57. Schomaker M, Heumann C. Bootstrap Inference When Using Multiple Imputation. Stat Med. 2018; 37:

2252–2266. https://doi.org/10.1002/sim.7654 PMID: 29682776

58. Little R.J.A., Rubin D.B. Statistical Analysis with Missing Data. New York: John Wiley & Sons, Inc.;

1987.

59. R Core Team. R: A language and environment for statistical computing. R Foundation for Statistical

Computing, Vienna, Austria; 2021. Available: https://www.R-project.org/.

60. VanderWeele TJ, Ding P. Sensitivity Analysis in Observational Research: Introducing the E-Value. Ann

Intern Med. 2017; 167: 268–274. https://doi.org/10.7326/M16-2607 PMID: 28693043

61. Smith LH, VanderWeele TJ. Bounding Bias Due to Selection. Epidemiology. 2019; 30: 509–516. https://

doi.org/10.1097/EDE.0000000000001032 PMID: 31033690

PLOS ONE Severity of infection with the SARS-CoV-2 B.1.1.7 lineage among hospitalized COVID-19 patients in Belgium

PLOS ONE | https://doi.org/10.1371/journal.pone.0269138 June 3, 2022 19 / 20

https://doi.org/10.1093/infdis/jiab082
https://doi.org/10.1093/infdis/jiab082
http://www.ncbi.nlm.nih.gov/pubmed/33580259
https://doi.org/10.1038/s41467-020-19057-5
https://doi.org/10.1038/s41467-020-19057-5
http://www.ncbi.nlm.nih.gov/pubmed/33127906
https://doi.org/10.3201/eid1009.040058
https://doi.org/10.3201/eid1009.040058
http://www.ncbi.nlm.nih.gov/pubmed/15498155
https://doi.org/10.3201/eid1608.091918
http://www.ncbi.nlm.nih.gov/pubmed/20678321
https://doi.org/10.1086/600383
https://doi.org/10.1086/600383
http://www.ncbi.nlm.nih.gov/pubmed/19591575
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/961037/NERVTAG_note_on_B.1.1.7_severity_for_SAGE_77__1_.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/961037/NERVTAG_note_on_B.1.1.7_severity_for_SAGE_77__1_.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/961037/NERVTAG_note_on_B.1.1.7_severity_for_SAGE_77__1_.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/961037/NERVTAG_note_on_B.1.1.7_severity_for_SAGE_77__1_.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/961037/NERVTAG_note_on_B.1.1.7_severity_for_SAGE_77__1_.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/961037/NERVTAG_note_on_B.1.1.7_severity_for_SAGE_77__1_.pdf
https://doi.org/10.1186/s13690-021-00709-x
https://doi.org/10.1186/s13690-021-00709-x
http://www.ncbi.nlm.nih.gov/pubmed/34696806
https://doi.org/10.1016/S0140-6736%2807%2961602-X
https://doi.org/10.1016/S0140-6736%2807%2961602-X
https://doi.org/10.1186/s13690-020-00505-z
http://www.ncbi.nlm.nih.gov/pubmed/33292566
https://doi.org/10.1186/s13690-021-00704-2
https://doi.org/10.1186/s13690-021-00704-2
http://www.ncbi.nlm.nih.gov/pubmed/34706768
https://doi.org/10.1038/s41564-020-0770-5
http://www.ncbi.nlm.nih.gov/pubmed/32669681
https://doi.org/10.18637/jss.v042.i08
https://doi.org/10.18637/jss.v045.i03
https://doi.org/10.1080/01621459.2020.1840383
https://doi.org/10.1002/sim.7654
http://www.ncbi.nlm.nih.gov/pubmed/29682776
https://www.R-project.org/
https://doi.org/10.7326/M16-2607
http://www.ncbi.nlm.nih.gov/pubmed/28693043
https://doi.org/10.1097/EDE.0000000000001032
https://doi.org/10.1097/EDE.0000000000001032
http://www.ncbi.nlm.nih.gov/pubmed/31033690
https://doi.org/10.1371/journal.pone.0269138


62. Challen R, Brooks-Pollock E, Read JM, Dyson L, Tsaneva-Atanasova K, Danon L. Risk of mortality in

patients infected with SARS-CoV-2 variant of concern 202012/1: matched cohort study. BMJ. 2021;

372: n579. https://doi.org/10.1136/bmj.n579 PMID: 33687922

63. Davies NG, Jarvis CI, Edmunds WJ, Jewell NP, Diaz-Ordaz K, Keogh RH. Increased mortality in com-

munity-tested cases of SARS-CoV-2 lineage B.1.1.7. Nature. 2021; 593: 270–274. https://doi.org/10.

1038/s41586-021-03426-1 PMID: 33723411

64. Patone M, Thomas K, Hatch R, Tan PS, Coupland C, Liao W, et al. Mortality and critical care unit admis-

sion associated with the SARS-CoV-2 lineage B.1.1.7 in England: an observational cohort study. The

Lancet Infectious Diseases. 2021;0. https://doi.org/10.1016/S1473-3099(21)00318-2 PMID: 34171232

65. Grint DJ, Wing K, Williamson E, McDonald HI, Bhaskaran K, Evans D, et al. Case fatality risk of the

SARS-CoV-2 variant of concern B.1.1.7 in England, 16 November to 5 February. Eurosurveillance.

2021; 26: 2100256. https://doi.org/10.2807/1560-7917.ES.2021.26.11.2100256 PMID: 33739254

66. Bager P, Wohlfahrt J, Fonager J, Albertsen M, Yssing Michaelsen T, Holten Møller C, et al. Increased

Risk of Hospitalisation Associated with Infection with SARS-CoV-2 Lineage B.1.1.7 in Denmark. Roch-

ester, NY: Social Science Research Network; 2021 Mar. Report No.: ID 3792894. Available: https://

papers.ssrn.com/abstract=3792894.

67. Dabrera G, Allen H, Zaidi A, Twohig K, Thelwall S, Marchant E, et al. Assessment of Mortality and Hos-

pital Admissions Associated with Confirmed Infection with SARS-CoV-2 Variant of Concern VOC-

202012/01 (B.1.1.7) a Matched Cohort and Time-to-Event Analysis. Rochester, NY: Social Science

Research Network; 2021 Mar. Report No.: ID 3802578. Available: https://papers.ssrn.com/abstract=

3802578.

68. Nyberg T, Twohig KA, Harris RJ, Seaman SR, Flannagan J, Allen H, et al. Risk of hospital admission for

patients with SARS-CoV-2 variant B.1.1.7: cohort analysis. BMJ. 2021; 373: n1412. https://doi.org/10.

1136/bmj.n1412 PMID: 34130987

69. Cevik M, Mishra S. SARS-CoV-2 variants and considerations of inferring causality on disease severity.

Lancet Infect Dis. 2021 [cited 11 Sep 2021]. https://doi.org/10.1016/S1473-3099(21)00338-8 PMID:

34171234

70. MunafòMR, Tilling K, Taylor AE, Evans DM, Davey Smith G. Collider scope: when selection bias can

substantially influence observed associations. Int J Epidemiol. 2018; 47: 226–235. https://doi.org/10.

1093/ije/dyx206 PMID: 29040562

71. Griffith GJ, Morris TT, Tudball MJ, Herbert A, Mancano G, Pike L, et al. Collider bias undermines our

understanding of COVID-19 disease risk and severity. Nat Commun. 2020; 11: 5749. https://doi.org/10.

1038/s41467-020-19478-2 PMID: 33184277

72. Funk T, Pharris A, Spiteri G, Bundle N, Melidou A, Carr M, et al. Characteristics of SARS-CoV-2 vari-

ants of concern B.1.1.7, B.1.351 or P.1: data from seven EU/EEA countries, weeks 38/2020 to 10/2021.

Eurosurveillance. 2021; 26: 2100348. https://doi.org/10.2807/1560-7917.ES.2021.26.16.2100348

PMID: 33890566

73. Kim Y, Cheon S, Jeong H, Park U, Ha N-Y, Lee J, et al. Differential Association of Viral Dynamics With

Disease Severity Depending on Patients’ Age Group in COVID-19. Frontiers in Microbiology. 2021; 12:

1882. https://doi.org/10.3389/fmicb.2021.712260 PMID: 34367117

74. Wilde H, Mellan T, Hawryluk I, Dennis JM, Denaxas S, Pagel C, et al. The association between

mechanical ventilator availability and mortality risk in intensive care patients with COVID-19: A national

retrospective cohort study. BMC Medicine. 2021; 19: 213. https://doi.org/10.1186/s12916-021-02096-0

PMID: 34461893

75. RAG subgroup testing. Aanbevelingen voor de selectie van stalen voor de sequentiebepaling van het

volledige genoom in het kader van surveillance–update. 2021. Available: https://covid-19.sciensano.be/

sites/default/files/Covid19/20210315_Advice%20RAG_Selection%20for%20samples%20for%

20sequencing%20-%20update_NL.pdf.

76. National Reference Laboratory. Genomic surveillance of SARS-CoV-2 in Belgium. 2021 Dec. Available:

https://assets.uzleuven.be/files/2021-12/genomic_surveillance_update_211214.pdf.

PLOS ONE Severity of infection with the SARS-CoV-2 B.1.1.7 lineage among hospitalized COVID-19 patients in Belgium

PLOS ONE | https://doi.org/10.1371/journal.pone.0269138 June 3, 2022 20 / 20

https://doi.org/10.1136/bmj.n579
http://www.ncbi.nlm.nih.gov/pubmed/33687922
https://doi.org/10.1038/s41586-021-03426-1
https://doi.org/10.1038/s41586-021-03426-1
http://www.ncbi.nlm.nih.gov/pubmed/33723411
https://doi.org/10.1016/S1473-3099%2821%2900318-2
http://www.ncbi.nlm.nih.gov/pubmed/34171232
https://doi.org/10.2807/1560-7917.ES.2021.26.11.2100256
http://www.ncbi.nlm.nih.gov/pubmed/33739254
https://papers.ssrn.com/abstract=3792894
https://papers.ssrn.com/abstract=3792894
https://papers.ssrn.com/abstract=3802578
https://papers.ssrn.com/abstract=3802578
https://doi.org/10.1136/bmj.n1412
https://doi.org/10.1136/bmj.n1412
http://www.ncbi.nlm.nih.gov/pubmed/34130987
https://doi.org/10.1016/S1473-3099%2821%2900338-8
http://www.ncbi.nlm.nih.gov/pubmed/34171234
https://doi.org/10.1093/ije/dyx206
https://doi.org/10.1093/ije/dyx206
http://www.ncbi.nlm.nih.gov/pubmed/29040562
https://doi.org/10.1038/s41467-020-19478-2
https://doi.org/10.1038/s41467-020-19478-2
http://www.ncbi.nlm.nih.gov/pubmed/33184277
https://doi.org/10.2807/1560-7917.ES.2021.26.16.2100348
http://www.ncbi.nlm.nih.gov/pubmed/33890566
https://doi.org/10.3389/fmicb.2021.712260
http://www.ncbi.nlm.nih.gov/pubmed/34367117
https://doi.org/10.1186/s12916-021-02096-0
http://www.ncbi.nlm.nih.gov/pubmed/34461893
https://covid-19.sciensano.be/sites/default/files/Covid19/20210315_Advice%20RAG_Selection%20for%20samples%20for%20sequencing%20-%20update_NL.pdf
https://covid-19.sciensano.be/sites/default/files/Covid19/20210315_Advice%20RAG_Selection%20for%20samples%20for%20sequencing%20-%20update_NL.pdf
https://covid-19.sciensano.be/sites/default/files/Covid19/20210315_Advice%20RAG_Selection%20for%20samples%20for%20sequencing%20-%20update_NL.pdf
https://assets.uzleuven.be/files/2021-12/genomic_surveillance_update_211214.pdf
https://doi.org/10.1371/journal.pone.0269138

