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Dear Editor, 

Introduction 

Outcomes for patients with COVID-19 infection have been

widely reported for the initial peak of the pandemic. 1 However,

there is a lack of data describing outcomes and characteristics of

readmitted patients in the resurgent peak, after corticosteroids be-

came standard of care. 

Based on data and protocols from randomised controlled trials,

most international treatment guidelines recommend 6 mg dexam-

ethasone daily (or equivalent) for up to 10 days in those hospi-

talised with severe COVID-19 but stopping on discharge. 2–6 

The UK’s second COVID-19 wave peaked on 9/1/2021. 7 Here we

describe the characteristics of patients admitted, discharged and

readmitted, due to COVID-19, to our hospital, during this second

wave. We explored the relationship between clinical and biochem-

ical variables, treatment received during a patient’s first admission,

and readmission risk, in relation to corticosteroid use. 

Methods 

We reviewed patients admitted from the community to Univer-

sity College Hospital (UCH) with COVID-19 as their primary diag-

nosis between 1st-31st December 2020. Re-attendance and read-

mission data were collected for patients who re-presented within

10 days following discharge from their first admission. 

Data were retrospectively collected, including patient demo-

graphics, clinical data on first admission and readmission, steroid

treatment and any treatment received on discharge from the first

admission. 

In the primary analysis, appropriate corticosteroid dosage was

defined as receiving 6 mg dexamethasone daily. Statistical analy-

sis was conducted in Stata ver. 12.1 (StataCorp). Independent data

were compared using Mann-Whitney U test or t -test. Paired data

were compared by Wilcoxon signed-rank and proportions by χ2 

test. 

We fitted a logistic regression model to assess relationships

between demographic and clinical factors and readmission risk.

We conducted a sensitivity analysis considering anyone receiving

a dose equivalent to 75% of 6 mg dexamethasone daily as hav-

ing received steroids, using the outcome of readmission or re-

attendance. 

The study met the NHS definition of a quality improvement

project with the departmental governance lead and did not require

ethical approval. 
https://doi.org/10.1016/j.jinf.2021.03.002 

0163-4453/© 2021 The British Infection Association. Published by Elsevier Ltd. All rights r
esults 

271 patients were admitted to UCH with COVID-19 in Decem-

er. 25 patients were transferred from external hospitals or had

osocomially-acquired COVID-19 and 50 patients died during their

rst admission or remained an inpatient throughout the data col-

ection period and were excluded from subsequent analysis. 196

atients were included in the analysis. 

Median age was 58 years (IQR 47–71); 48% female; 133/196

67.9%) had ≥1 comorbidity (as defined by the ISARIC 4C score), 8 

2 (16.3%) had diabetes mellitus. Median length of stay was 4 days

IQR 2–8). 125/196 (63.8%) required oxygen of whom 30 (15.3%) re-

uired respiratory support. 124/196 (63.3%) received corticosteroids

n their first admission for a median of 5 days (IQR 3–8). All

atients had acceptable peripheral oxygen saturations (SpO 2 ) at

ischarge( ≥92% on air or within their target range). 10/196 (5.1%)

ere discharged with corticosteroids. 53/196 (27.0%) were followed

p in a virtual clinic post-discharge. 

26/196 (13.3%) patients re-attended UCH due to COVID-19, a

edian of 3 days (IQR 2–5) following discharge. Of these, 20

10.2%) were readmitted. Median CRP (mg/L) rose significantly in

hose readmitted from 43.2 (IQR 29.4–71.6) on discharge to 91.8

IQR 37.3–139.6) on readmission ( p = 0.021). 17/20 (85%) required

xygen and corticosteroids on readmission of whom 6 (30%) re-

uired respiratory support. 

The 11/20 patients receiving steroids during their first admis-

ion, subsequently readmitted, had a shorter initial admission (me-

ian 2 days [IQR 1–3] vs 5 days [3–9] p = 0.005), received shorter

ourses of steroids (median 2 days [IQR 1–3] vs 5 days [3–8]

 < 0.001) and were discharged earlier in their illness course (me-

ian day 8 [IQR 6–11] vs day 13 [IQR 9–18], p = 0.005) than those

hat were not readmitted. There was no difference in SpO 2 on air

t discharge (95% IQR [94%–96%] for both) or in remdesivir use

27.2% vs 33.6%, p = 0.669) . Data for patients receiving inpatient

orticosteroids on their first admission were quartiled based on

heir duration of steroids. In the first quartile, (1–3 days) read-

ission rates were highest at 25% ( Fig. 1 and Table 1 ). In an ex-

loratory logistic regression analysis, only treatment with dexam-

thasone significantly reduced odds of readmission (OR 0.77 per

ay of dexamethasone 95% CI 0.61–0.92, p = 0.012). Results were

imilar in the sensitivity analysis considering both equivalent doses

f other steroids and both re-attendance and readmission to hos-

ital (supplementary data). 

iscussion 

To our knowledge this is the first study to evaluate readmission

ate in the recent COVID-19 wave, in the context of corticosteroid

se. 
eserved. 

https://doi.org/10.1016/j.jinf.2021.03.002
http://www.ScienceDirect.com
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Table 1 

Patients admitted from the community who were discharged alive from their first admission. Excluding ITU transfers and nosocomial transmissions. Comparing characteristics of those receiving different steroid course 

durations by quartile ( n = 196). 

Characteristics 

Number of days of dexamethasone received as inpatient on 1st admission 

Did not receive ( n = 72) 1st Quartile1–3 ( n = 40) 2nd Quartile4–5 ( n = 26) 3rd Quartile6–8 ( n = 32) 4th Quartile ≥9 ( n = 26) 

Number readmitted (%) 9 (12.5) 10 (25.0) 0 (0.0) 0 (0.0) 1 (3.8) 

Median age (IQR) - years 61 (49–78) 51 (41–65) 56 (40–66) 64 (48–70) 55 (49–67) 

Sex 

Males (%) 37 (51.4) 23 (57.5) 12 (46.2) 15 (46.9) 15 (57.7) 

Females (%) 35 (48.6) 17 (42.5) 14 (53.8) 17 (53.1) 11 (42.3) 

Ethnicity (%) 

White 27 (37.5) 19 (47.5) 10 (38.5) 10 (31.3) 9 (34.6) 

Black 11 (15.3) 8 (20.0) 1 (3.8) 5 (15.6) 5 (19.2) 

South Asian 7 (9.7) 1 (2.5) 3 (11.5) 3 (9.4) 3 (11.5) 

Other Asian 7 (9.7) 0 (0.0) 3 (11.5) 1 (3.1) 2 (7.7) 

Unknown 20 (27.8) 12 (30.0) 9 (34.6) 13 (40.6) 7 (26.9) 

Median day of illness on admission (IQR) 4 (2–8) 7 (4–9) 8 (5–10) 8 (5–10) 8 (6–9) 

Median length of admission (IQR) - days 2 (1–5) 2 (2–3) 4 (4–5) 7 (6–8) 10 (9–13) 

Number of comorbidities (%) 

0 22 (30.6) 15 (37.5) 11 (42.3) 8 (25.0) 7 (26.9) 

1 19 (26.4) 8 (20.0) 7 (26.9) 11 (34.4) 11 (42.3) 

> 2 31 (43.1) 17 (42.5) 8 (30.8) 13 (40.6) 8 (30.8) 

Number with infiltrates of Chest X-ray (%) 34 (47.2) 34 (85.0) 23 (88.5) 31 (96.9) 26 (100.0) 

Number of asymptomatic COVID (%) 18 (25.0) 0 (0.0) 0 (0.0) 1 (3.1) 0 (0.0) 

Median admission sats (IQR) -% 97 (95–98) 93 (91–97) 92 (90–95) 92 (88–95) 92 (88–94) 

Median CRP on admission (IQR) – mg/L 24.0 (8.0–63.4) 41.2 (24.8–77.5) 68.0 (51.8–102.8) 102.1 (59.8–168.9) 98 (73–164) 

Median Urea on 1st admission (IQR) – mmol/L 4.5 (3.6–6.9) 4.2 (3.5–5.9) 4.5 (3.5–5.6) 4.4 (3.3–6.3) 6.0 (4.8–7.3) 

Median lymphocytes on 1st admission (IQR) – x10 9 /L 1.01 (0.80–1.47) 1.06 (0.79–1.32) 0.87 (0.63–1.23) 0.87 (0.69–1.31) 1.00 (0.73–1.10) 

Median peak oxygen requirement (IQR) -% 21 (21–21) 28 (24–33) 32 (32–36) 40 (35–53) 60 (40–64) 

Number of patients by peak respiratory support (%) 

Hospitalised, no oxygen 61 (84.7) 8 (20.0) 1 (3.8) 1 (3.1) 0 (0.0) 

Oxygen by mask or nasal prongs 10 (13.9) 31 (77.5) 24 (92.3) 20 (62.5) 9 (34.6) 

NIV or high-flow oxygen 1 (1.4) 0 (0.0) 1 (3.8) 11 (34.4) 16 (61.5) 

Intubation and Mechanical Ventilation 0 (0.0) 1 (2.5) 0 (0.0) 0 (0.0) 1 (3.8) 

Ventilation and additional organ support (Pressors, RRT, ECMO) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 

Number receiving remdesivir (%) 0 (0.0) 6 (15.0) 11 (42.3) 11 (34.4) 13 (50.0) 

Median CRP on discharge from 1st admission (IQR) – mg/L 22.5 (4.6–53.9) 28.0 (16.3–62.2) 19.9 (13.2–41.4) 16.8 (10.2–31.1) 12 (5.3–40.6) 

% Sats drop on exercise at discharge from 1st admission (%) 

0–1 21 (29.2) 14 (35.0) 10 (38.5) 10 (31.3) 6 (23.1) 

2–3 2 (2.8) 8 (20.0) 5 (19.2) 5 (15.6) 3 (11.5) 

≥4 5 (6.9) 3 (7.5) 7 (26.9) 4 (12.5) 11 (42.3) 

Unknown 44 (61.1) 15 (37.5) 4 (15.4) 13 (40.6) 6 (23.1) 

Number discharged with steroids on 1st admission (%) 2 (2.8) 6 (15.0) 1 (3.8) 0 (0.0) 1 (3.8) 

Number discharged with thromboprophylaxis on 1st admission (%) 6 (8.3) 3 (7.5) 3 (11.5) 7 (21.9) 7 (26.9) 

Number discharged with saturations probe on 1st admission (%) 8 (11.1) 10 (25.0) 6 (23.1) 3 (9.4) 6 (23.1) 

Median ISARIC 4C mortality% (IQR) 11.7 (4.8–19.2) 7.8 (2.3–19.2) 11.7 (4.8–19.2) 19.2 (11.7–26.9) 14.4 (7.8–26.9) 

Median ISARIC 4C deterioration%(IQR) 18.4 (12.3–24.4) 29.4 (20.1–44.9) 46.7 (26.6–59.7) 56.4 (35.9–65.7) 57.4 (40.3–65.4) 

Number receiving telephone clinic follow up on 1st admission (%) 19 (26.4) 16 (40.0) 12 (46.2) 3 (9.4) 3 (11.5) 
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Fig. 1. Survival plot showing the probability of being out of hospital in the 10 days 

following discharge by duration of corticosteroids received during initial admission. 

The line showing readmission in the group receiving steroids for 4–5 days is not 

visible as masked by the line for steroids for 6–8 days – i.e. there were no readmis- 

sions for this group. 
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Despite the majority meeting safe discharge criteria, the read-

mission rate is significant, but concordant with rates from the first

wave in similar hospitals 9 . Readmitted patients presented to and

were discharged from hospital earlier in their COVID-19 illness

than patients who were not readmitted. They returned to hospi-

tal after a short time after reaching their illness peak, displaying a

proinflammatory phenotype as evidenced by their rising CRP. Sig-

nificant oxygen requirements were observed and an appreciable

proportion of patients required respiratory support. 

Shorter courses of steroids on first admission increased risk of

being readmitted to hospital with COVID-19. Those who received

1–3 days of steroids experienced quick clinical improvement and

were discharged from hospital and corticosteroids were stopped at

discharge. 25% of this subgroup were readmitted. 

Our data suggest that short courses of corticosteroids may not

be sufficient for patients requiring hospital admission with severe

COVID-19. As patients are readmitted with evidence of ongoing

inflammation, it is biologically plausible that increasing corticos-

teroid duration would reduce the chance of deterioration post-

discharge. Many hospitals have now instigated virtual follow up

with daily calls. It is therefore reasonable to consider continuing

a course of corticosteroids after hospital discharge as treatment

can be given within these frameworks to monitor side-effects of

steroids. UK national guidelines now recognise that patients may

be discharged to a virtual ward where continuation of steroids may

be appropriate. Our data support this. 

Despite the limitations of small sample size and retrospec-

tive data collection, our data demonstrate a high readmission rate

amongst patients with COVID-19 who received shorter courses of

steroids. Further research is required to establish the optimal dura-

tion of steroids and how to identify patients who require ongoing

steroids at discharge. 
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t  
ear Editor, 

Recently, Aung et al. reported that distribution frequency of an-

iotensin converting enzyme (ACE) insertion/insertion (II) genotype

ad a significant impact on coronavirus disease 2019 (COVID-19)

ortality. 1 Dyslipidemia is one of the most comorbidities among

OVID-19 patients, however, the conclusions from published arti-

les on the relationship between dyslipidemia and COVID-19 mor-

ality are still controversial. For instance, several studies found that

here was a significant relationship between dyslipidemia and an

ncreased risk for mortality among COVID-19 patients, 2–4 while

ther studies reported that dyslipidemia was not significantly as-

ociated with COVID-19 mortality. 5 , 6 Therefore, there is an urgent

eed to address the relationship between dyslipidemia and COVID-

9 mortality by a quantitative meta-analysis. It has been reported

hat demographical characteristics (age and gender) and certain

omorbidities (diabetes mellitus, cardiovascular disease, hyperten-

ion, chronic kidney disease and autoimmune diseases, etc.) are

ell-known modulators that affect the clinical outcomes of COVID-

9 patients, 7–9 suggesting that these factors might modulate the

elationship between dyslipidemia and COVID-19 mortality. Thus,

n this current meta-analysis, risk factors-adjusted effect estimates

ather than crude effect estimates were utilized to calculate the

ooled effect sizes. 

We did this systematic meta-analysis in accordance with the

uidelines of the Preferred Reporting Items for Systematic Reviews

nd Meta-Analyses (PRISMA). All potentially eligible articles pub-

ished between January 1, 2020 and February 26, 2021 were iden-

ify in the online databases (PubMed, Web of Science and EMBASE)

ith the following keywords: “SARS-CoV-2” or “severe acute res-
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ack of significant association between dyslipidemia and 

OVID-19 mortality 
iratory syndrome coronavirus 2” or “COVID-19” or “coronavirus 

isease 2019” or “2019-nCoV” or "2019 novel coronavirus" and

dyslipidemia” or “hyperlipidemia” or “low-density lipoprotein” or 

high-density lipoprotein” or “triglycerides” or “total cholesterol”. 

eference lists of eligible articles were also searched to look for

dditional studies. The exposure group was defined as COVID-19

atients with dyslipidemia and the control group was defined as

OVID-19 patients without dyslipidemia. The outcome of interest

as mortality, which was defined as mortality, death, died, non-

urvivor, fatality or deceased. All peer-reviewed articles published

n English language reporting the risk factors-adjusted effect esti-

ate on the relationship between dyslipidemia and COVID-19 mor-

ality were eligibly selected. Accordingly, we excluded preprints,

ase reports, review papers, corrections, comments, animal stud-

es and in vitro studies, studies reporting crude effect estimate,

tudies without sufficient data and studies reporting clinical out-

omes as severe/critical illness, intensive care unit admission, in-

asive mechanical ventilation/intubation or composite outcomes 

ather than mortality. Essential information including first author,

umber of COVID-19 patients, gender distribution, age (mean and

tandard deviation (SD) or median and interquartile range (IQR)),

tudy design, region/country, clinical outcomes, adjusted effect es-

imates and adjusted variables was extracted from each included

tudy ( Table 1 ). 

We utilized Stata (version 12.1) for all statistical analyses. The

ooled effect estimate and its 95% confidence interval (CI) were

omputed using a random-effects model. Inter-study heterogeneity

as investigated using the cochrane Q test and I 2 statistic, P < 0.1

r I 2 > 50% shows a statistically significant heterogeneity. The sta-

istical stability of the overall effects was assessed using leave-one-

ut sensitivity analysis. The risk of publication bias was evaluated

sing Begg’s test. Subgroup analyses were carried out by sample

ize, age, male percentage, study design and effect estimate. Two-

ailed P -value < 0.05 was considered statistically significant. 

Initial search yielded 2608 articles. After screening eligible arti-

les according to inclusion and exclusion criteria, a total of twenty-

even studies composing of 146,364 cases were enrolled into this

uantitative meta-analysis. Among the included studies, twenty-

our studies were retrospective, one was prospective, one was lon-

itudinal cohort study and one was nationwide cohort study. The

ample sizes across the eligible studies ranged from 98 to 35,302.

here were sixteen odds ratio (OR)-reported studies, nine hazard

atio (HR)-reported studies, one risk ratio (RR)-reported study and

ne relative hazard (RH)-reported study. 

The results of our pooled analysis are presented in Fig. 1 A,

hich indicates that there was no significant relationship between

yslipidemia and COVID-19 morality (pooled effect size = 1.05, 95%

I [0.99–1.12], P = 0.100; I 2 = 52.6%, random-effects model). Sensi-

ivity analysis by deleting each study one by one demonstrated

hat our results were stable ( Fig. 1 B). When we limited dyslipi-

emia to hyperlipidemia, there was no significant relationship be-

ween hyperlipidemia and COVID-19 mortality (pooled effect size

 1.03, 95% CI [0.95–1.12]). We still observed no significant rela-

ionship between dyslipidemia and COVID-19 mortality in the sub-

roup analyses by age (pooled effect size = 1.08, 95% CI [0.99–1.18]

or < 65 years old and pooled effect size = 1.02, 95% CI [0.93–1.12]

or ≥ 65 years old), male percentage (pooled effect size = 1.04, 95%

I [0.96–1.13] for < 55% and pooled effect size = 1.08, 95% CI [0.97–

.20] for ≥ 55%), study design (pooled effect size = 1.06, 95% CI

0.99–1.14] for retrospective study), sample size (pooled effect size

 1.09, 95% CI [0.96–1.24] for < 1500 cases and pooled effect size

 1.04, 95% CI [0.96–1.14] for ≥ 1500 cases), and effect estimates

OR = 1.08, 95% CI [0.98–1.20] and HR = 1.02, 95% CI [0.92–1.13]).

egg’s test indicated that there was no obvious publication bias

 P = 0.505). 

This meta-analysis has several limitations that need to be men-

ioned: 1 most of the included studies were from USA, which lim-

mailto:hanif.esmail@nhs.net
https://doi.org/10.1016/j.jinf.2021.03.002
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jinf.2021.03.001&domain=pdf
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Table 1 

Characteristics of the included studies. 

Author Country 

Cases 

(n) 

Male 

(%) Age (years) § Study design 

Adjusted-effect 

(95% CI) Adjusted variables 

Clinical 

outcomes 

Hashemi et al. (PMID: 

32585065) 

USA 363 55.4% 63.4 ± 16.5 Retrospective 

study 

OR: 0.91 

(0.46–1.81) 

Chronic liver disease, age, obesity, male, cardiac diseases, hypertension, 

diabetes, pulmonary disorders 

Death 

Pettit et al. (PMID: 

32589784) 

USA 238 47.5% 58.5 ± 17 Retrospective 

study 

OR: 1.7 

(0.4–7.0) 

Obesity, age, gender, hypertension, diabetes, pulmonary disease, 

cardiovascular disease, kidney disease, cancer, stroke, venous 

thromboembolism 

Mortality 

Grasselli et al. (PMID: 

32667669) 

Italy 3988 79.9% 63 (56–69) Retrospective 

study 

HR: 1.25 

(1.02–1.52) 

Age, men, respiratory support, hypertension, heart disease, type 2 diabetes, 

malignancy, chronic obstructive pulmonary disease, angiotensin-converting 

enzyme inhibitor therapy, angiotensin receptor blocker therapy, statin, 

diuretic, positive end-expiratory pressure at admission, fraction of inspired 

oxygen at admission, arterial partial pressure of oxygen/fraction of inspired 

oxygen at admission 

Mortality 

Tartof et al. (PMID: 

32783686) 

USA 6916 45% 49.1 ± 16.6 Retrospective 

study 

RR: 1.47 

(1.02–2.11) 

Body mass index, age, sex, race/ethnicity, smoking, metastatic tumor/cancer, 

myocardial infarction, other immune condition, organ transplant, congestive 

heart failure, peripheral vascular disease, cerebrovascular disease, chronic 

pulmonary disease, renal disease, hypertension, asthma, diabetes mellitus 

status, time 

Death 

Czernichow et al. 

(PMID: 32815621) 

France 5795 65.4% 59 ±14 Retrospective 

study 

OR: 0.97 

(0.74–1.27) 

Body mass index, age, diabetes, hypertension, sleep apnea, chronic kidney 

disease, heart failure, malignancies, history of smoking, sex 

Mortality 

Nimkar et al. (PMID: 

32838205) 

USA 327 55.7% 71 (59–82) Retrospective 

study 

OR: 1.4 

(0.8–2.2) 

Race, chronic kidney disease in addition to six essential covariates (age, sex, 

race, hypertension, diabetes, cardiac disease) 

Mortality 

Giorgi-Rossi et al. 

(PMID: 32853230) 

Italy 2653 50.1% 72 ±24 Prospective 

study 

HR: 1.4 

(0.9–2.2) 

Age, sex Death 

Esme et al. (PMID: 

32871002) 

Turkey 16,942 49% 71.2 ± 8.5 Retrospective 

study 

OR: 0.77 

(0.64–0.93) 

Gender, hypertension, diabetes mellitus, chronic obstructive pulmonary 

disease, coronary artery disease, atrial fibrillation, chronic kidney disease, 

dementia, depression, malnutrition 

Mortality 

Yan et al. (PMID: 

32949175) 

China 1103 48.6% 63 (51–71) Retrospective 

study 

HR: 1.91 

(0.46–7.99) 

Age, male, diabetes, hypertension, chronic obstructive pulmonary disease, 

chronic heart diseases, chronic kidney diseases, chronic liver diseases, 

cerebrovascular diseases, tumor, C-reactive protein, d-dimer 

Mortality 

Ioannou et al. (PMID: 

32965502) 

USA 10,131 91% 63.6 ± 16.2 Longitudinal 

corhot study 

HR: 0.96 

(0.83–1.11) 

All sociodemographic characteristics, comorbid conditions, symptoms Mortality 

Ghany et al. (PMID: 

33024960) 

USA 400 40% 72 ±8 Retrospective 

study 

RH: 0.99 

(0.99–1.00) 

Age, gender, charlson score Death 

Graziani et al. (PMID: 

33053774) 

Spain 14,339 49% 66 ±15 Retrospective 

study 

OR: 1.03 

(0.81–1.31) 

Chronic obstructive pulmonary disease, sex, age, heart failure, high blood 

pressure, stroke, arrythmia, ischemic heart disease, diabetes, sleep apnea, 

pulmonary thromboembolism, smoking 

Death 

An et al. (PMID: 

33127965) 

Korea 10,237 39.9% 44.97 ±19.79 Nationwide 

cohort study 

HR: 0.89 

(0.66–1.20) 

Age, sex, income level, residence, household type, disability, symptom, 

infection route 

Death 

Zhang et al. (PMID: 

33122929) 

China 98 59.2% 63.9 ± 1.4 Retrospective 

study 

OR: 2.94 

(1.22–7.12) 

Age, gender, lymphocyte count, glycated hemoglobin, hypersensitive 

C-reactive protein, N-terminal brain natriuretic propeptide, creatinine 

Mortality 

Shah et al. (PMID: 

33169090) 

USA 487 56.1% 68 ±17 Retrospective 

study 

OR: 1.36 

(0.83–2.21) 

Age, gender, patient admitted from home, hypertension, cardiomyopathy, 

atrial fibrillation, chronic obstructive pulmonary disease, cerebrovascular 

accident, diabetes mellitus, acute kidney injury, initial chest x-ray/computed 

tomography findings, dyspnea in emergency department noted as positive 

Mortality 

Tomasoni et al. (PMID: 

33179839) 

Italy 692 69.5% 67.4 ± 13.2 Retrospective 

study 

HR: 0.82 

(0.47–1.44) 

Age, sex, heart failure, hypertension, atrial fibrillation, coronary artery 

disease, chronic obstructive pulmonary disease, chronic kidney disease, 

oxygen saturation, arterial partial pressure of oxygen/fraction of inspired 

oxygen, hemoglobin, lymphocytes count, estimated glomerular filtration 

rate, C-reactive protein on admission, troponin 

Death 

Loffi et al. (PMID: 

33229434) 

Italy 1252 63.7% 64.7 ± 15.5 Retrospective 

study 

HR: 0.94 

(0.63–1.41) 

Sex, left ventricular ejection fraction < 35%, cerebrovascular disease, atrial 

fibrillation, diabetes mellitus, hypertension, coronary artery disease, chronic 

kidney disease, age 

Death 

( continued on next page ) 
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Table 1 ( continued ) 

Author Country Cases 

(n) 

Male 

(%) 

Age (years) § Study design Adjusted-effect 

(95% CI) 

Adjusted variables Clinical 

outcomes 

Rossi et al. (PMID: 

33222020) 

Italy 590 67.6% 76.2 

(68.2–82.6) 

Retrospective 

study 

HR: 1.108 

(0.859–1.431) 

Age, gender, temperature, arterial partial pressure of oxygen / fraction of 

inspired oxygen, lactate dehydrogenase, C-reactive protein, white blood cell 

count, lymphocytes rate, cardiovascular disease, diabetes, atrial fibrillation, 

chronic obstructive pulmonary disease, chronic kidney disease, stroke, 

malignancy, 3 or more comorbidities, angiotensin-converting enzyme 

inhibitor, angiotensin receptor blockers, calcium-channel blockers, alpha 

blockers, diuretics, beta blockers 

Mortality 

Rosenthal et al. (PMID: 

33301018) 

USA 35,302 53.4% 63.6 ± 17.7 Retrospective 

study 

OR: 1.11 

(1.03–1.19) 

Age, sex, race, payer type, admission point of origin, hospital region, 

hospital beds, hospital teaching status, statin, vitamin C, zinc, 

angiotensin-converting enzyme inhibitor, b blocker, calcium channel 

blocker, hydroxychloroquine and azithromycin use, sepsis, acute kidney 

failure, hypokalemia, hyperkalemia, hyponatremia, acidosis, acute liver 

damage, neurological disorder, myocardial infarction, congestive heart 

failure, cerebrovascular disease, chronic pulmonary disease, dementia, 

diabetes, any malignant neoplasm, metastatic solid tumor, hemiplegia, 

acquired immunodeficiency syndrome, hypertension 

Mortality 

Ozyilmaz et al. (PMID: 

33322097) 

Turkey 105 72.4% 45 (20–87) Retrospective 

study 

OR: 4.060 

(0.011–

1555.792) 

Troponin I, C-reactive protein, lymphocyte count, shortness of breath, 

hypertension, diabetes mellitus, coronary artery disease 

Mortality 

Lohia et al. (PMID: 

33453090) 

USA 1871 51.6% 66 (54–75) Retrospective 

study 

OR: 0.97 

(0.76–1.23) 

Age, sex, race, smoking, body mass index, insurance and comorbidities 

which include coronary artery disease, congestive heart failure, chronic 

obstructive pulmonary disease, asthma, chronic kidney disease, end-stage 

renal disease on dialysis, any malignancy, any liver disease, history of 

previous stroke, hypertension, diabetes 

Mortality 

Gupta et al. (PMID: 

33461499) 

USA 473 45.5% 70 (61–80) Retrospective 

study 

OR: 1.28 

(0.75–2.19) 

Race, age, sex, coronary artery disease, diabetes, hypertension, chronic 

obstructive pulmonary disease/asthma, autoimmune diseases history of 

cancer, immunocompromised, congestive heart failure, chronic kidney 

disease with dialysis, chronic kidney disease without dialysis, end-stage 

renal disease with dialysis 

Mortality 

Mayer et al. (PMID: 

33496668) 

Spain 23,844 42.3% 49.93 ±19.4 Retrospective 

study 

OR: 1.19 

(1.03–1.39) 

Age, sex Death 

Muhammad et al. 

(PMID: 33538998) 

USA 200 60.5% 58.9 ± 15.1 Retrospective 

study 

OR: 2.12 

(0.94–4.77) 

Age, hypertension, coronary artery disease, chronic kidney disease, history 

of stroke, oxygen saturation, creatinine, blood urea nitrogen, creatine 

phosphokinase, troponin, procalcitonin, lactic acid, lactate dehydrogenase, 

C-reactive protein, initial d-dimer, ferritin, highest d-dimer 

Mortality 

Yoshida et al. (PMID: 

33546750) 

USA 776 47.3% 60.5 ± 16.1 Retrospective 

study 

OR: 0.95 

(0.53–1.71) 

Age, sex, hospital site, the charlson comorbidity index Death 

Girardin et al. (PMID: 

33550849) 

USA 4 4 46 58.1% 62 ±18 Retrospective 

study 

HR: 0.92 

(0.79–1.06) 

Age, ethnic minority, male sex, low income, smoking, obesity, chronic 

obstructive pulmonary disease, asthma, sleep apnea, hypertension, diabetes, 

peripheral artery disease, coronary artery disease, autoimmune disease, 

cancer 

Mortality 

Wargny et al. (PMID: 

33599800) 

France 2796 63.7% 67.9 ± 13.2 Retrospective 

study 

OR: 1.15 

(0.95–1.40) 

Age Death 

Note: 
§ The values are presented as mean ± standard deviation or median (interquartile range, IQR); USA, the United States of America; CI, confidence interval; OR, odds ratio; RR, risk ratio; RH, relative hazard; HR, hazard ratio. 
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Fig. 1. (A) The forest plots demonstrated that dyslipedemia was not significantly associated with the risk of mortality among patients with coronavirus disease 2019 (COVID- 

19) on the basis of twenty-seven studies with 146,364 cases; (B) Sensitivity analysis by omitting individual study one by one indicated that the results were stable and 

robust. 
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ts its wider applicability of the present findings; 2 the majority

f studies were retrospective, thus further well-designed studies

ith more prospective researches are required to verify our re-

ults; 3 although the pooled effect estimate was calculated on the

asis of adjusted effects, the adjusted variables are not completely

onsistent across the included studies; 4 only one included study

xplicitly states the specific type of dyslipidemia as total choles-

erol, additional studies does not explicitly states the specific type

f dyslipidemia such as abnormal levels of low-density lipoprotein,

igh-density lipoprotein, triglycerides and total cholesterol. Further

tudies should focus on the relationship between specific type of

yslipidemia and COVID-19 mortality when more data are avail-

ble; 5 the detailed information on medications for patients with

re-existing dyslipidemia is not available presently, thus we could

ot address the effects of medications on the relationship between

yslipidemia and COVID-19 mortality. 

In conclusion, our current study based on adjusted effect sizes

emonstrated that dyslipidemia was not significantly associated

ith COVID-19 mortality. Further well-designed studies with large

ample sizes are warranted to confirm our findings. 
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Fig. 1. (A) Total number of SARS-CoV-2 antibody tests at ward level (wards with ≥ 3 tests included to maintain anonymity). (B) Total positive SARS-CoV-2 antibody tests 

at ward level (wards with ≥ 3 tests included to maintain anonymity). (C) Percentage of positive SARS-CoV-2 antibody tests by ward. (D) Index of Multiple Deprivation 

(IMD) score (2019) by ward. Quintile 1 (most deprived), Quintile 5 (least deprived). (E) Percentage of residents from an ethnic minority background by ward (Census data, 

2011). Data from Public Health England, https://www.localhealth.org.uk/ . In all figures, wards were divided into even quintiles and then coloured by quintile. The values 

contained within each quintile are included in the quintile legends. Maps generated using the Greater London Authority mapping template, https://data.london.gov.uk/ 

dataset/excel- mapping- template- for- london- boroughs- and- wards . 
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health numbers. Multivariable logistic regression was used to iden-

tify factors associated with seropositivity. Forward stepwise selec-

tion was used to determine which variables to retain in the model

and checked against backward elimination. Base demographics of

age, sex and ethnicity were always retained in the model. Vari-

ables tested for inclusion were underlying risk group, location of

residence, Index of Multiple Deprivation (IMD) quintile, job band-

ing, job role, workplace setting, patient interaction, HCW in house-

hold, and individual sites of work: emergency department (ED),

endoscopy, estates, human resources and finance, intensive care,

maternity, medicine, non-clinical, oncology, outpatient department,

pathology, paediatrics, pharmacy, radiology, surgery, senior man-
gement, theatres, therapies. Statistical analyses were conducted

sing Stata v.14.2. Total serology tests, positive tests and positiv-

ty rates were plotted according to postcode, alongside IMD score

nd ethnicity using Microsoft Excel. This evaluation was conducted

or service improvement and did not require ethical approval ac-

ording to the NHS Health Research Authority algorithm. 

Of 3945 invited staff, 3285 were tested and completed the

urvey. Overall seropositivity was 35.7% (1173/3285), median age

as 41 (IQR 31, 51) years and 72% (2369/3285) were female;

hite British/Irish HCW represented 23% (764/3285), while 70%

2293/3285) were from ethnic minority backgrounds, most com-

only Black African (738/3285, 24%) and the Indian Subcontinent

https://www.localhealth.org.uk/
https://data.london.gov.uk/dataset/excel-mapping-template-for-london-boroughs-and-wards
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Fig. 2. Forest plot: multivariable logistic regression model for antibody status according to sociodemographic and occupational factors, following variable reduction. For 

individual sites of work: Yes – works in that site, No- does not work in that site. Odds ratio, OR. Outpatient department, OPD. A&E – Accident and Emergency (Emergency 

department). Clinical: Aerosol – refers to inpatient wards where aerosol-generating procedures (AGP) are carried out. Clinical: COVID, Clinical: COVID/non-COVID (mixed 

COVID), Clinical: non-COVID – refer to inpatient wards with no AGP. 
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Indian, Pakistani, Bangladeshi, Sri Lankan; 484/3285, 15%). Over-

ll, 79% (2585/3285) reported no comorbidities, two-thirds lived

ithin the most deprived quintiles (IMD 1, 1021/3285, 31%; IMD 2,

024/3285, 31%). In total, 31% (1029/3285) were nursing and mid-

ifery staff, followed by administrative (577/3285, 18%) and medi-

al (497/3285, 15%) staff. Most worked in clinical areas (2796/3285,

5%) with patient contact (2562/3285, 78%). A third were in the

owest two NHS job bands (1177/3285, 36%). 

Half the staff tested (1692/3285, 52%) lived in Enfield and

aringey Boroughs, adjacent to NMUH. Staff seropositivity rates

ere highest to the East of Enfield and Haringey, correspond-
ng to the most deprived wards with greatest ethnic diversity

 Fig. 1 ). 

In a multivariable logistic regression model for seropositivity,

thnicity and location of residence were the sociodemographic fac-

ors reaching significance for inclusion ( Fig. 2 ). All ethnicities had

ncreased odds of seropositivity compared with White British/Irish

taff. Black African staff were at greatest risk (Odds Ratio 2.22, 95%

onfidence Interval 1.75–2.82, p < 0.001), followed by mixed eth-

icity (OR 1.75, 95% CI 1.2–2.56, p = 0.004), Black Caribbean (OR

.58, 95% CI 1.13–2.2, p = 0.007), Asian Chinese/Other (OR 1.5, 95%

I 1.1–2.05, p = 0.01). Staff who identified as White Other and from
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the Indian subcontinent also had increased odds of seropositivity,

but this did not reach statistical significance. 

In the same model, workplace setting and certain individual

sites of work were the only occupational factors reaching signif-

icance for inclusion ( Fig. 2 ). All clinical staff had increased odds

of seropositivity compared to non-clinical staff. The greatest risk

was in COVID-19 wards not performing aerosol generating proce-

dures (AGP) (OR 2.5, 95% CI 1.77–3.55, p < 0.001), mixed-COVID-19

(OR 2.08 95% CI 1.58–2.73, p < 0.001), non-COVID-19 wards (OR

1.81, 95% CI 1.28–2.55, p = 0.001) and ED (OR 1.72, 95% CI 1.23–

2.41, p = 0.002). Staff working in AGP areas had increased odds of

seropositivity (OR 1.39, 95% CI 0.99–1.94, p = 0.054), but this was

of borderline significance, while outpatient areas (OR 1.34, 95% CI

0.96–1.88, p = 0.089) was not statistically significant. Medical de-

partment staff had increased odds of seropositivity (OR 1.46, 95%

CI 1.17–1.83, p = 0.001) compared to other sites of work. 

We found that staff at highest risk worked in non-AGP COVID-

19 wards and were from minority ethnic groups, and the high-

est seropositivity rates mapped to the most deprived local wards.

Workforce ethnic diversity and locality was striking; the majority

of staff lived in adjacent boroughs and 70% were from minority

ethnic backgrounds, compared to 22% in the wider NHS 4 . Similar

occupational risk factors have been reported in other HCW sero-

prevalence surveys, but their influence in combination with so-

ciodemographic factors on COVID-19 risk in HCWs has not been

fully described 

5 , 6 . One large American HCW seroprevalence study

found that community and demographic factors, in particular Black

ethnicity and contact with a suspected COVID-19 case, were more

predictive of seropositivity than occupational factors. Similarly, we

found staff seropositivity geographically mirrored COVID-19 cases

among our inpatient population, mapping to local ethnically di-

verse and deprived areas 2 . The Health Service Journal reported a

disproportionate number of NHS staff deaths among ethnic minori-

ties 7 . Concerningly, British Medical Association surveys have found

ethnic minority doctors feel less protected from COVID-19 at work

than their White colleagues 8 . Furthermore, ethnic minorities are

currently under-represented in national HCW surveillance studies 9 .

Recent data suggest that there is significantly lower COVID-19 vac-

cine uptake among HCWs from minority ethnic groups and living

in more deprived neighbourhoods, thus exacerbating these dispar-

ities 9 , 10 . 

Further work is needed to understand the interplay of occupa-

tional and sociodemographic risk factors facing HCWs. Inequalities

must be urgently addressed in order to better protect NHS staff

during the ongoing pandemic. 
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Table 1 

Sensitivity of Lateral flow device (LFD) compared with Polymerase Chain Reaction (PCR), depending on Cycle threshold (Ct) value (mean Ct of all 

detected targets). 

All PCR Mean Ct across detected PCR targets 

Positive Negative Invalid < 15 15–19.9 20–24.9 25–29.9 ≥30 

LFD result Positive 133 0 1 59 47 23 4 0 

Negative 80 572 15 12 15 31 19 3 

Invalid 1 1 0 0 0 1 0 0 

Cumulative sensitivity (95% CI) 83% 

(72–91) 

80% 

(72–86) 

69% 

(62–76) 

63% 

(56–70) 

62% 

(56–69) 
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Fig. 1. Lateral flow device (LFD) results and Mean Cycle threshold (Ct) value of 

Polymerase Chain Reaction (PCR) target detection in 214 patients with SARS-CoV-2 

detected. The median (central line), inter-quartile range (box) and range (whiskers) 

of Ct values are shown. 
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emic to identify contagious cases. 1 The winter peak of Covid-19 in

ngland has seen the highest number of Covid-19 cases and hos-

ital admissions to date, with over 30 0 0 admissions daily, and a

eak of 34,015 inpatients with Covid-19. 1 Patient triage and co-

orting are crucial to reducing nosocomial Covid-19, 2 but pau-

isymptomatic or pre-symptomatic cases limit clinical case detect-

ng, 3 and screening with molecular diagnostics introduces delay. 4 

e piloted the use of point of care antigenic testing for SARS-CoV-

 in patients admitted to hospital for rapid case detection in a pe-

iod of high disease prevalence. 

Between December 23, 2020 and January 30 2021, patients ad-

itted to Oxford University Hospitals NHS Foundation Trust for

mergency care were tested for SARS-CoV-2 using both lateral flow

evice (LFD) and real-time reverse transcription Polymerase chain

eaction (PCR) testing. Swabs of the nose and throat were col-

ected by health care workers. LFD testing was performed in the

dmitting department by staff, using the Innova LFD. Swabs for

CR were transferred to the clinical laboratory in viral transport

edium (VTM) and tested by multiplex PCR (Thermo-Fisher Taq-

ath). 803 patients who had both tests performed with a maxi-

um of 1 day between tests were included for analysis. 732/803

91%) of patients tested had both tests on the same day. Clinical

otes of patients testing positive for SARS-CoV-2 by PCR were re-

iewed and note made of the reported presence of symptoms of

ossible Covid-19 (cough, dyspnoea, fever, aguesia or anosmia) as

ell as admission temperature and oxygen saturation, and previ-

us detection of SARS-CoV-2 by PCR. 

Considering PCR results as the reference standard, LFDs showed

igh specificity ( Table 1 ). Of 573 PCR-negative patients, 572 had

 negative LFD, and 1 an invalid LFD result, i.e., specificity ex-

luding the invalid result was 100% (exact binomial 95%CI 99.4–

00%). Similarly the positive predictive value was high, among 133

atients with a positive LFD results, 133/134 (99.2%, 95%CI 95.9–

9.8%) were PCR-positive, with one indeterminate PCR result in a

atient testing PCR-positive 5 days later; none were PCR-negative.

FDs also had low rates of invalid results, 2/803 (0.2%). 

Lateral flow testing showed modest sensitivity, and performed

etter in those with higher viral loads. Among all 214 SARS-CoV-

 PCR-positive patients, 133 tested positive by LFD, i.e. sensitivity

as 62.4% (95% CI 55.6–69.0%), and the negative likelihood ratio

as 0.38 (0.32–0.45). 80 patients were LFD-negative, PCR-positive.

FD-negative, PCR-positive individuals had lower viral loads, i.e.

igher mean cycle threshold (Ct) values for the detected PCR tar-

ets (median 24, IQR 19–27), compared with LFD-positive, PCR-

ositive patients (median 16, IQR 13–20) ( Fig. 1 , Kruskal–Wallis

 < 0.001). Sensitivity was greatest in those patients with a mean

t < 20 (78.5%, 95% CI 71.9–85.1%) ( Table 1 ). 

On a retrospective review of patient notes, we identified at

east 11/133 (8%) of LFD positive patients had no Covid-19 symp-

oms recorded, presenting without cough, dyspnoea, fever, anos-

ia, ageusia or hypoxia. Furthermore, among LFD-negative PCR-

ositive patients, 28/80 (35.0%) had a pre-admission SARS-CoV-2

CR-positive swab, so 161/214 (75.2%) of patients with SARS-CoV-

 detectable by PCR could be identified by either previous results
r LFD at admission. The absence of either previous PCR positive

wab or a positive LFD at admission had a negative likelihood ratio

.24 (95% CI 0.19–0.31). 

Case identification is critical in reducing nosocomial transmis-

ion of SARS-CoV2. 2 While Ct values are not a direct measure of

nfectivity, they do correlate with RNA load and culture positivity

nd infectious dose. 5 , 6 Thus, LFD-positive patients, with higher vi-

al loads, are most likely to represent those patients with the high-

st infectious risk in the healthcare environment. Additionally, in

his cohort, LFDs provided incremental case detection above clin-

cal assessment in asymptomatic adults. LFDs provide a rapid and

ncremental benefit to clinical triage for case finding. 

The excellent specificity seen here corresponds with findings

rom other evaluation of LFDs, 7 as well local experience in test-

ng asymptomatic healthcare workers, where LFDs showed a false

ositive rate of 0.03% compared with PCR. 8 This means a positive

FD can safely be used to triage patients to Covid-19 cohort ar-

as for patients with confirmed infection without exposing these

atients to risk of nosocomial acquisition. While a negative result

annot be used in isolation to triage a patient to a COVID-19 free

rea of the hospital, it does allow earlier identification of positive
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cases, thus relieving pressure on cohort areas for patients with un-

confirmed infection status, which are often the most challenging

areas in which to prevent nosocomial transmission. 

Despite imperfect sensitivity, when a known COVID diagnosis

was taken in account, LFDs in this population had a negative likeli-

hood ratio of 0.24. Therefore in patients where there is a low clini-

cal suspicion of COVID-19, a negative LFD does provide further evi-

dence against infectious SARS-CoV-2 infection, which can also play

a role in triage decisions. The sensitivity of LFDs in the emergency

hospital setting is lower than that reported in previous evalua-

tions, 7 potentially reflecting the challenges of performing LFDs in

emergency department settings and the later stage of infection in

patients admitted to hospital compared to those attending symp-

tomatic community testing. We did not monitor if all tests were

read after the correct time interval, nor were photographs taken

of devices at reading to allow for quality assurance. Therefore, re-

ported performance could potentially be improved. 

We conclude that LFDs provide a rapid and useful case detec-

tion in an acute setting, and are thus a helpful infection control

tool. 
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ear editor 

It is with great interest that we read the recent article by De

rancesco et al. 1 , who reported on chlamydia pneumoniae and

ycoplasma pneumoniae co-infection in patients with COVID-19.

ere, we report our experience with candidaemia co-infection with

OVID-19. An increased incidence of candidaemia has been noted

n patients with COVID-19 and although patient characteristics,

nvestigations and antifungal therapies have been described, 2 to

ur knowledge, compliance with candidaemia management bun-

les has not. 3 

Here, we present a retrospective review of candidaemias in

dult patients ( > 17 years) with PCR proven COVID-19 between 1st

arch 2020–31st May 2020 across six acute London hospitals. All

easts isolated from blood cultures were identified by matrix as-

isted laser desorption/ionisation-time-of-flight (MALDI-TOF) mass

pectroscopy (Bruker Daltonik GmbH, Bremen, Germany). Antifun-

al susceptibility testing was carried out using broth micro-dilution

n accordance with EUCAST guidelines. 4 An episode of candidaemia

as defined as blood culture growth of any Candida species. 

Eleven patients with concurrent candidaemia and PCR-proven

OVID-19 were identified during the study period; ten were male

90.9%), mean age 62 (33–77 years). Underlying comorbidities were

redominantly cardiovascular (10/11). Two patients were immuno-

uppressed (see Table 1 ), but neutropenia was not identified. 

Ten patients (90.9%) were admitted to an intensive care unit

ICU) prior to their candidaemia diagnosis. Of the ICU patients

 n = 10), all were intubated and ventilated, had an intravascular

nd urinary catheter and received inotropes. The non-ICU patient

lso had a urinary catheter. Nine (90%) of the ICU patients received

aemofiltration. None of the patients in our cohort received total

arenteral nutrition. 

All eleven patients received broad-spectrum antibacterials. One

atient received prior antifungal treatment in hospital with topical

lotrimazole and oral terbinafine for a tinea infection. 

The average number of days from PCR-proven COVID-19 to can-

idaemia was 14.8 days and from ICU admission to candidaemia,

5.5 days (range 6–24 days). Seven out of eleven candidaemias

63.6%) were C.albican s, two (18.2%) C.parapsilosis , one (9.1%) C.

labrata and one (9.1%) C.dubliniensis . All isolates were fluconazole

usceptible, except one ( Candida glabrata ), which showed interme-

iate susceptibility, although the patient was successfully treated

ith azole therapy through dose-optimisation. 

An echinocandin was commenced for ten patients, as per local

uidelines, pending susceptibility testing. One patient died prior

o blood culture positivity and treatment. Four out of ten (40%)

atients were switched to fluconazole to complete treatment. In
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Table 1 

Characteristics of patients with concurrent COVID-19 and candidaemia. 

Demographics N = 11 

Age, years 62 (33-77) 

Sex, male 10 (90.9%) 

Past medical history 

Type 2 diabetes 8 (72.7 %) 

Hypercholesterolaemia 8 (72.7%) 

Hypertension 3 (27.3%) 

Ischaemic Heart Disease 1 (9.1%) 

Permanent Pacemaker 1 (9.1%) 

Myaesthenia Gravis 1 (9.1%) 

Previous solid organ malignancy 2 (18.2%) 

Gastro-oesophageal Reflux Disease 1 (9.1%) 

Benign prostatic hypertrophy 1 (9.1%) 

Hypopituitarism 1 (9.1%) 

Risk factors for candidaemia 

Immunosuppression 2 (18.2%) a 

Broad spectrum antimicrobials 11 (100%) 

Neutropenic 0 (0%) 

Intensive care (ICU) admission 10 (90.9%) 

Intravenous catheter 10 (90.9%) 
• Average catheter day 6.3 (3-9) 
• Number of patients where catheter day 

unknown 

4 (40%) 

Ventilated 10 (90.9%) 

Inotropic support 10 (90.9%) 

Haemofiltration 9 (81.8) 

Urinary catheter 11 (100%) 

Total parenteral nutrition 0 (0%) 

Candida colonisation 
• Yes 4 
• No 5 
• Unknown 2 

Clinical course 

Days to candidaemia since COVID-19 diagnosis 14.8 (7-24) 

Days to candidaemia since ICU admission 15.5 (6-24) 

Repeat blood cultures taken at 48 hours 6 (54.5%) 

Days to candidaemia clearance 2.3 (1-3) 

Non-albicans candidaemia 4 (36.4%) 

Beta-D-glucan performed 6 (54.5%) 
• positive 3 (50%) b 

• negative 3 (50%) 

Galactomannan performed 5 (45.5%) 
• positive 0 (0%) 
• negative 5 (100%) 

Intravascular catheter removed 9 (90%) 
• culture confirmation of same Candida spp. 1 (10%) 

Echocardiogram performed 8 (72.7%) 
• positive 0 (0%) 
• negative 8 (100%) 

Fundoscopy peformed 1 (9.1%) 
• positive 0 (0%) 
• negative 1 (100%) 

Death at 30 days 6 (54.5%) 

Values are reported as mean and range or frequency (%) 
a One patient received 9mg prednisolone once daily plus 500mg my- 

cophenolate mofetil twice daily for myasthenia gravis A second patient re- 

ceived hydrocortisone 10mg/5mg/5mg for hypopituitarism. 
b Positive results included values of 256 pg/ml, 154 pg/ml and 110 pg/ml 
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ine with recommended practice 3 six out of eleven patients (54.5%)

ad repeat blood cultures within 48 h of treatment, eight (72.7%)

atients had an echocardiogram, but only one (9.1%) had fun-

oscopy. Serum (1-3)- β- D -glucan(BDG) testing was performed in

4.4% (6/11) of patients; three were positive(see Table 1 ). 

Intravascular catheters were removed for nine out of ten pa-

ients (90%), the last patient dying prior to candidaemia notifica-

ion. Seven out of nine patients had line tips sent for culture; two

ere positive for yeasts. One line tip confirmed an identical Can-

ida spp., and hence constituted a line infection, but no further

dentification was available for the second. 

Four patients had prior colonization with yeasts; one with the

ame species as their candidaemia, no further identification was

vailable for the remaining three. Five patients were not colonized
nd two had an unknown status following transfer from other sec-

ndary care providers, developing candidaemia shortly after trans-

er. 

In concordance with Mastrangelo et al., 1 there was a high 30-

ay mortality of 54.4% (6/11) in our patient cohort. The four surviv-

ng patients (36.6%) were discharged; average total length of stay

8 days (range 31–78 days). One patient was stepped down after

ine weeks in ICU but remained an inpatient until the end of our

tudy period. 

Given the high mortality rate, it is important to identify

nd address modifiable risk factors in an attempt to prevent

he occurrence of candidaemia. Firstly, all our patients received

road-spectrum antibacterials, a recognized risk factor for candi-

aemia. 5 , 6 A recent study from Hughes et al. 7 demonstrated a low

requency (3.2%) of early bacterial co-infection in patients hospital-

zed with COVID-19, suggesting early broad-spectrum antibacterials

ay not be warranted. Hence, antimicrobial stewardship initiatives

o review unnecessary antibacterial use remain important. 

Secondly, intravascular catheters are a well-recognised risk fac-

or for candidaemia 5 and over 90% of our patients had these.

he incidence of candidaemia observed warrants further consid-

ration, and whilst not compared to pre-COVID-19 incidence, 2 

ay potentially reflect pandemic unique challenges. Examples in-

lude increased ICU capacity, redeployment of less-experienced

taff to ICU, challenges to aseptic technique with personal pro-

ective equipment (PPE), and patients requiring re-positioning to

mprove oxygenation, thus increasing possibility of line displace-

ent/contamination. Improved aseptic intravascular catheter train- 

ng focusing on PPE may be beneficial. 

In addition, although we were unable to identify urinary

atheters as a source in our cohort, they are a recognized risk fac-

or for candidaemia 6 and all patients in our cohort had these. 

One patient died prior to candidaemia notification. Time to

lood culture positivity may be delayed, particularly for non-

lbicans candidaemias, 8 and delay in treatment is known to

ncrease mortality, 9 therefore, non-culture-based diagnostics such 

s galactomannan antigen and BDG should be combine with clini-

al data to aid diagnosis. 10 54.4% ( n = 6) of the patients were tested

or BDG, and of those, 50% ( n = 3) were positive. Although not pos-

ible to demonstrate in this patient cohort, an early positive BDG

ay herald invasive fungal infection, enabling timely initiation of

mpirical antifungal therapy. 

Guidelines for management of candidaemia recommend a care

undle, including repeat blood cultures at 48 h, echocardiogram,

nd fundoscopy to identify disseminated infection. In our cohort,

nly 54.5% (6/11) of patients had repeat blood cultures within 48 h,

2.7% (8/11) an echocardiogram and only 9.1% (1/11) fundoscopy.

OVID-19 infection control concerns, patient positioning and PPE,

ith resultant challenges to ophthalmic examination, may account

or the poor fundoscopy compliance, adding further weight to the

eed for COVID-19 specific practical training. 

To conclude, during the ongoing COVID-19 pandemic it remains

mportant to consider modifiable risk factors for candidaemia, non-

ulture based diagnositics to aid early diagnosis, as well as adher-

nce to established treatment bundles. 
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ear editor, 

We read with interest the recent systematic review by Fricke

t al., showing that the number and positivity rate of influenza

ases have decreased in result of non-pharmaceutic interventions

argeted at the COVID-19 pandemic. 1 Similarly, a report in the

nited States had shown that the incidences of acute otitis me-

ia and streptococcal pharyngitis decreased, while gonorrhea in-

reased during quarantine. 2 These studies show that COVID-19

ontainment measures and the overall behavioral changes in the

ommunities are likely to have an effect in the transmission

nd/or reporting of other infections. We here show the results of

orovirus (NoV) surveillance data in Germany, and describe the

ffect of the containment measures taken in the context of the

OVID-19 pandemic on the number and rate of NoV-positive tests

n Germany. 

NoV is the leading cause of acute gastroenteritis (AGE) glob-

lly across all age groups, causing an estimated 18% of all di-

rrheal disease cases worldwide, 3 and over 20 0,0 0 0 deaths ev-

ry year. 4 In Germany, NoV is notifiable to the Robert Koch In-

titute, which has registered nearly 10 0,0 0 0 cases of NoV no-

ified infections every year since 2010 ( https://www.rki.de/DE/

ontent/Infekt/EpidBull/Archiv/2020/24/Art _ 01.html ). NoV hospital- 
ecrease in norovirus infections in Germany following 

OVID-19 containment measures 
ig. 1. Monthly distribution of total tests performed (A) and proportion of NoV-positive

he shaded areas represent 95% confidence intervals. 
zations account for 11–16% of all AGE hospitalizations, and they

how a seasonal distribution with a peak from December-March

ach year. 5 NoV diagnosis is related to reimbursement rates for

astroenteritis hospitalization in Germany, providing a strong in-

entive to test for NoV in the hospital setting. Taking advantage of

he routine testing in one of the largest commercial laboratories,

 surveillance study was designed to provide up-to-date evidence

n the occurrence of NoV across all ages, circulating genotypes and

o-infections in Germany. 

The 2020 COVID-19 pandemic has triggered the implementa-

ion of different containment measures across the globe. Germany

eported the first cases in late January 6 and responded by imple-

enting community mitigation and mobility restriction measures

ince the first COVID-related deaths were reported in March. 7 From

id-March until early May, schools and bars were closed, borders

ith neighboring countries were controlled, travel was restricted,

nd general social distancing measures were adopted. With the

andatory use of masks in place since the end of April, reopen-

ng was gradual, but several limitations were still in place by the

ate this article was submitted. 7 

This study is based on a larger prospective, laboratory-based

urveillance study on NoV infection. The surveillance relies upon

esults from all clinical specimens tested for NoV and other en-

eropathogens submitted to the Limbach Laboratory (MVZ Dr. Lim-

ach & Kollegen GbR, Heidelberg MVZ), from patients of all ages

nd all genders. The Limbach Laboratory tests samples referred by
 samples (B) among hospitalized patients, from February 2018 to December 2020. 

http://crossmark.crossref.org/dialog/?doi=10.1016/j.jinf.2021.02.012&domain=pdf
https://www.rki.de/DE/Content/Infekt/EpidBull/Archiv/2020/24/Art_01.html
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hospitals across all of Germany. These samples can originate from

all age groups, all types of inpatients across various departments

as well as outpatients whose specimens are sent to the labora-

tory for testing. Here we report data from the start of the surveil-

lance (February 2018) to December 2020. Data collected includes

aggregated totals of samples tested for NoV and PCR testing re-

sults. Data is provided per setting (inpatients or outpatients) and

per age group, although we only report totals for all ages. To an-

alyze trends in NoV gastroenteritis, we summarized monthly pos-

itivity rates of NoV per setting. The proportions of positives were

estimated with exact 95% confidence intervals using R v.4.0.2. 8 

From February 2018 to December 2020, 31,765 specimens

were tested for NoV and other enteropathogens. Most specimens

(27,795, 87.5%) were collected from hospitalized patients (reasons

for hospitalization are unknown). Of all specimens tested, 3970

(12.5%) yielded positive PCR results for NoV. The overall percent-

age of NoV-positive specimens was similar in the hospital (12.4%)

and outpatient (12.8%) settings. 

Fig. 1 shows the monthly distribution of stool samples tested

for NoV, and the NoV-positive proportion among hospitalized pa-

tients. The distribution among outpatients was similar, but with

larger confidence intervals due to the smaller sample size (data

not shown). As expected, a strong seasonal effect is visible in

the proportion of NoV-positive specimens in the years 2018 and

2019, with the proportion of NoV positives increasing from Novem-

ber/December until March. In these two years, the lowest propor-

tion of NoV-positive tests were observed in July (4.3%) and August

(4.8%) 2019 ( Fig. 1 ). The overall number of tests performed in the

years 2018 and 2019 shows a weaker seasonal pattern, with the

number of tests never below 600 per month. 

In 2020, the percentage of NoV-positive specimens decreased

sharply after January, reaching near 0% as of May and continuing

around 0% thereafter. The total number of samples tested for NoV

also decreased from February to May, but never went below 400

per month. 

The surveillance data suggest a significant impact of the COVID-

19 control measures on the NoV positivity rates among stool sam-

ples from patients hospitalized in Germany after January 2020. As

previously reported for Germany, 5 the number of NoV hospitaliza-

tions typically starts to increase in November-December, until the

peak is reached in January-March. In the 2019–2020 season, the

peak in January was followed by a steep decrease in the number

of tests and proportion of NoV-positives. The months of February

to May 2020 have registered a significantly lower proportion of

NoV-positive specimens than in previous years, until they almost

disappeared from May onwards. 

Starting in March 2020, Germany has adopted several measures

to contain the COVID pandemic, including closure of schools, bars

and large events. At the same time, the population adopted pre-

ventive behaviors such as social distancing measures and the use

of hand sanitizer. It is safe to assume that these measures could

result in a decrease of other infections. NoV is highly contagious

via the fecal-oral route, through contaminated hands or by con-

sumption of contaminated food and water, giving rise to frequent

outbreaks in institutions or restaurants. 9 The sharp decrease in the

proportion of NoV-positive cases observed in 2020 is likely related

to the closure of schools, restaurants and other institutions, as well

as of other containment measures. Behavioral changes preceding

the containment measures, which only became effective in March,

may have caused the decrease in the NoV positivity rates to start

already in February, triggered by reports from Italy or Spain. In

fact, the number of cases exploded in Italy from February 22nd. On

March 10th, when Germany reported its first two COVID-related

deaths, Italy already counted 464 deaths and over 90 0 0 cases, and

Spain had over 20 0 0 reported cases. 6 

 

Our study has some limitations. We do not possess clinical in-

ormation on the patients whose samples were tested. Though this

s unlikely, we cannot exclude that patients infected with norovirus

resented less frequently to medical care than other AGE patients

n 2020. Our analyses are ecological in nature and we can also not

xclude that there is a natural decline of NoV circulation, inde-

endent of the COVID-19 control measures. However, since NoV is

nown to be transmitted primarily via person-to-person contacts,

t is fair to assume the control measures have played a major role

n this decline. Finally, it is unknown whether NoV incidence will

eturn to pre-COVID-19 values once behavioral restrictions are re-

axed. 

This study shows that NoV infections have become less frequent

n Germany since the beginning of the COVID-19 epidemic in Eu-

ope. Whereas this is a positive observation from a public health

erspective, it also has a significant impact on NoV vaccine devel-

pment programs. Several NoV vaccines are under development,

ith one vaccine entering Phase II trials. 10 The COVID-19 pandemic

inders the conduct of these trials by the logistical challenges in

nrolling and following up subjects, and Phase III trials are unlikely

o show efficiency due to the current low NoV positivity rates. It is

nknown how NoV infections will evolve once containment mea-

ures are loosened. 
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ear Editor, 

The COVID-19 pandemic, an unprecedented event for current

enerations of physicians, has stricken hard on society. 1 There is

 significant lack of effective drugs for stopping viral replication.

opinavir/ritonavir (LPV/r) is a well-known combination used in

atients with HIV which was included in the arsenal against SARS-

oV-2 early in the pandemic. 2 Its use in COVID-19 was based on

nconsistent results from experimental and clinical research that

as mostly done while investigating other β-coronaviruses (SARS

nd MERS). 

A number of randomized clinical trials have observed no benefit

f LPV/r beyond the standard of care. 3–5 However, voices have been

aised against interpreting these results as grounds from defini-

ively ruling out LPV/r since some of these studies lacked statisti-

al power, reported encouraging outcomes in secondary endpoints,

nd included patients with a prolonged period of symptoms before

nitiation of treatment. 6 , 7 Indeed, there may be a subpopulation of

OVID-19 patients – notably those early in the course of the infec-

ion – for whom LPV/r may improve their prognosis. In a recent re-

ort, Klement-Frutos et al. describe a favorable outcome of patient

ith COVID-19 after beginning of LPV/r on day 9 of symptoms. 8 

herefore, we aimed to assess the efficacy of LPV/r in a large, mul-

icenter cohort of patients, with special interest in those who re-

eived treatment soon after the onset of symptoms. 

This work belongs to the SEMI-COVID-19 Registry, which is an

ngoing, nationwide, retrospective, anonymized cohort of consecu-

ive adult patients hospitalized in Spain for microbiologically con-

rmed COVID-19. 9 The Registry was approved by the Ethics Com-

ittees of the participating centers, and included data on over 300

ariables. The primary endpoint was raw-in hospital mortality at

0 days from admission. Patients were considered to have been
9. Banyai K. , Estes M.K. , Martella V. , Parashar U.D. . Viral gastroenteritis. Lancet
2018; 392 (10142):175–86 PubMed PMID:30025810Epub 2018/07/22 . 

10. Esposito S. , Principi N. . Norovirus vaccine: priorities for future research and de-
velopment. Front Immunol 2020; 11 :1383 PubMed PMID:32733458Pubmed Cen-

tral PMCID: PMC7358258. Epub 2020/08/01 . 
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arly Lopinavir/ritonavir does not reduce mortality in 

OVID-19 patients: Results of a large multicenter study ✩ 
✩ A complete list of the SEMI-COVID-19 Network members is provided in the Ap- 

endix. 

m  

f  
reated with LPV/r if they had received at least one dose of the

rug. Common dosage of LPV/r was 40 0/10 0 mg bid. 

In order to mitigate the effects of possible confounding vari-

bles in a non-randomized assessment of treatment with LPV/r,

ropensity score (PS) was performed. The propensity of receiv-

ng LPV/r was estimated using a logistic regression model that in-

luded confounding variables which could have affected treatment

hoice or outcomes as independent variables. The nearest neigh-

or method with a caliper of 0.1 as used in PS matching and stan-

ardized mean differences (SMD) were calculated to evaluate ad-

quacy of propensity matching. Both conditional logit and mixed

ffects logistic regressions were performed. Furthermore, univari-

te and multivariate logistic regression models were fitted in or-

er to estimate the treatment effect using all data, as a sensitiv-

ty analysis. Multiple imputation was used to handle missing data

nd model estimates and standard errors were calculated using Ru-

in’s rules. 10 Statistical analyses were performed using R software

v.3.6.2). 

As of June 1, 2020, the Registry included 9,594 cases, of which

,553 met the inclusion criteria (Suppl. Fig. 1). Fifty-seven percent

ere men, median age was 69 years (IQR 56–79), and half of sub-

ects (50.2%) had high blood pressure. Patients were admitted after

 median time since symptoms onset of 7 days (IQR 4–9), with

edian SaO 2 /FiO 2 ratio of 376 (IQR 300–452), C-reactive protein of

8 mg/L (IQR 19–123), and lymphocytes of 940 cells/μL. 

LPV/r was administered to 5,396 patients (63%) after a median

f 0 days since admission (IQR 0–1). Table 1 shows that LPV/r was

ore likely to be prescribed to patients who presented with more

evere clinical condition, including presence of fever, cough, radio-

ogical infiltrates (91.7% vs 80.4% p < 0.001) and a lower SaO 2 /FiO 2 

atio. On the other hand, LPV/r was less frequent among at-risk

ubjects in whom toxicity may be more likely: elderly patients pre-

enting with altered mental status, dementia, or other debilitat-

ng baseline conditions, as well as patients on immunosuppressive

rugs and pregnant women. 

Overall, 1,509 patients died (17.6%). The univariate parameters

redicting mortality is shown in Table 2 . A PS allowed for com-

aring two cohorts with similar values on the parameters asso-

iated with the prescription of LPV/r ( Table 1 ). Most parameters

ere adequately matched according to SMD, although some vari-

bles had SMD values > 0.02 (Suppl. Table 1): In this matched co-

ort, the adjusted odds ratio (aOR) for mortality for the use of

PV/r was 0.932 (95CI 0.799–1.087; p > 0.05) according to both con-

itional and mixed effects logistic models. 

Of the 6,099 patients who were admitted to hospital within 8

ays since onset of symptoms (median time to admission since

nset of symptoms 5 days [IQR 3–7]), LPV/r was prescribed to

,377 (55%). Variables associated with the use of LPV/r were sim-

lar to those observed in the cohort as a whole (Suppl. Table

). In a propensity score matching carried out on this subset

f patients, early use of LPV/r was not associated with a lower

ortality (conditional logistic regression: aOR 1.110 (95CI 0.944–

.300; p = 0.245); mixed effects logistic regression: aOR 1.105 (95CI

.944–1.300; p = 0.272)). 

Consistent with previous studies, our analysis found no over-

ll benefit to the use of LPV/r. 3–5 We have focused on patients

ho received the antiviral at an earlier stage in the hope of find-

ng greater activity. Indeed, in other viral diseases, the administra-

ion of antiviral drugs must be done as soon as possible in order

o have a clinically significant activity. 11 Of note, patients included

n Rao’s clinical trial had a median duration of symptoms of 13

ays (IQR 11–16) 4 , and those recruited in the RECOVERY trial pre-

ented after 8 days of disease (IQR 4–12). 3 In our sub-analysis, the

edian duration was 5 days (IQR 3–7), thus allowing us to per-

orm a evaluation on patients who were indeed at a very early
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Table 1 

– Baseline characteristics and clinical presentation of all patients according to the administration of LPV/r. 

Unmatched data ( n = 8,553) Matched data ( n = 5,068) 

No LPV/r ( n = 3,157) LPV/r ( n = 5,396) p No LPV/r ( n = 2,534) LPV/r ( n = 2,534) p 

Baseline features 

Age (years) † 74.9 [60.4;85.2] 66.2 [54.3;75.8] < 0.001 70.8 [57.2;81.5] 69.5 [56.6;78.7] < 0.001 

Sex (female) 1511 (47.9%) 2155 (39.9%) < 0.001 1124 (44.4%) 1083 (42.7%) 0.257 

Pregnancy 22 (0.70%) 15 (0.28%) 0.008 18 (0.71%) 13 (0.51%) 0.471 

Race (Caucasian) 2850 (91.2%) 4647 (87.9%) < 0.001 2268 (89.5%) 2279 (89.9%) 0.644 

Charlson Comorbidity Index 1.0 0 [0.0 0;2.0 0] 0.0 0 [0.0 0;1.0 0] < 0.001 1.0 0 [0.0 0;2.0 0] 1 [0.0 0;2.0 0] 0.626 

High blood pressure 1817 (57.7%) 2480 (46.1%) < 0.001 1357 (53.6%) 1288 (50.8%) 0.056 

Immunosuppressive therapy 257 (8.14%) 291 (5.39%) < 0.001 205 (8.09%) 186 (7.34%) 0.040 

Dementia 628 (20.0%) 199 (3.70%) < 0.001 171 (6.75%) 179 (7.06%) 0.009 

Clinical presentation 

Duration of symptoms (days) † 6.0 0 [3.0 0;9.0 0] 7.0 0 [4.0 0;9.0 0] < 0.001 6.0 0 [3.0 0;9.0 0] 7.0 0 [4.0 0;9.0 0] 0.337 

Cough 2170 (69.2%) 4281 (79.6%) < 0.001 1892 (74.7%) 1918 (75.7%) 0.678 

Dyspnea 1787 (56.9%) 3108 (57.9%) 0.370 1439 (56.8%) 1440 (56.8%) 1.0 0 0 

Altered mental status 574 (18.4%) 351 (6.58%) < 0.001 262 (10.3%) 249 (9.83%) 0.576 

Temperature 36.9 [36.3;37.6] 37.1 [36.4;37.9] < 0.001 36.9 [36.3;37.7] 37.0 [36.4;37.8] 0.013 

Heart rate (beats/min) † 86.0 [75.0;98.0] 88.0 [77.0;100] < 0.001 86.5 [76.0;99.0] 87.0 [76.0;99.0] 0.816 

Respiratory rate > 20 breaths/min 958 (31.2%) 1558 (29.7%) 0.155 728 (28.7%) 735 (29.0%) 0.852 

Laboratory 

SaO 2 /FiO 2 
† 387 [304;452] 372 [297;452] < 0.001 392 [307;457] 381 [304;452] 0.008 

Lymphocytes (cells/μL) † 990 [700;1330] 910 [700;1260] 0.080 10 0 0 [70 0;1320] 940 [70 0;130 0] 0.042 

C-reactive protein (mg/L) † 55.0 [17.0;120] 59.9 [19.8;125] 0.002 55.7 [17.1;120] 55.9 [18.0;119] 0.391 

Creatinine (mg/dL) † 0.93 [0.75;1.23] 0.89 [0.73;1.10] < 0.001 0.90 [0.74;1.17] 0.90 [0.74;1.14] 0.718 

Other treatments 

Interferon- β 52 (1.65%) 1073 (20.1%) < 0.001 52 (2.05%) 78 (3.08%) 0.049 

Hydroxychloroquine 2299 (72.8%) 4893 (90.7%) < 0.001 2084 (82.2%) 2133 (84.2%) 0.071 

Remdesivir 17 (0.54%) 26 (0.48%) 0.842 12 (0.47%) 12 (0.47%) 1.0 0 0 

Mortality 688 (22.8%) 821 (15.7%) < 0.001 431 (17.0%) 406 (16.0%) 0.364 

† Continuous variables expressed as median and [interquartile range]. LPV/r: lopinavir/ritonavir. 

Table 2 

– Univariate analysis of mortality in all patients and those with duration of symptoms of less than 8 days. 

All ( n = 8,553) Early cohort ( n = 6,099) 

OR (95CI) P OR (95CI) p 

Sex (female) 0.783 (0.698–0.879) < 0.001 0.775 (0.681–0.882) < 0.001 

Age (per year) 1.090 (1.084–1.096) < 0.001 1.082 (1.076–1.089) < 0.001 

Race (Caucasian) 3.267 (2.499–4.272) < 0.001 3.715 (2.734–5.047) < 0.001 

High blood pressure 2.833 (2.509–3.200) < 0.001 2.700 (2.354–3.097) < 0.001 

Dementia 4.323 (3.715–5.031) < 0.001 3.704 (3.137–4.374) < 0.001 

Immunosuppressive treatment 1.747 (1.431–2.134) < 0.001 1.656 (1.328–2.066) < 0.001 

Charlson Comorbidity Index (per point) 1.334 (1.296–1.373) < 0.001 1.307 (1.265–1.349) < 0.001 

Duration of symptoms (per day) 0.930 (0.918–0.943) < 0.001 0.907 (0.886–0.928) < 0.001 

Cough 0.652 (0.576–0738) < 0.001 0.703 (0.612–0.806) < 0.001 

Temperature (per °C) 1.088 (1.026–1.154) 0.005 1.069 (1.0 0 0–1.141) 0.049 

Dyspnea 1.865 (1.653–2.104) < 0.001 1.828 (1.597–2.091) < 0.001 

Confusion 5.341 (4.620–6.174) < 0.001 4.433 (3.774–5.208) < 0.001 

Respiratory rate > 20 breaths/min 3.396 (3.020–3.819) < 0.001 3.239 (2.838–3.696) < 0.001 

SaO 2 /FiO 2 (per unit) 0.993 (0.992–0.993) < 0.001 0.993 (0.992–0.993) < 0.001 

Lymphocytes (per cells x 10 3 /μL) 1.0 0 0 (1.0 0 0–1.0 0 0) 0.424 1.0 0 0 (1.0 0 0–1.0 0 0) 0.470 

C-reactive protein (per mg/L) 1.005 (1.005–1.006) < 0.001 1.006 (1.005–1.006) < 0.001 

Creatinine (per mg/dL) 1.789 (1.651–1.938) < 0.001 1.647 (1.515–1.792) < 0.001 

Treatment with Hydroxychloroquine 0.447 (0.391–0.512) < 0.001 0.483 (0.416–0.562) < 0.001 

Treatment with Interferon- β 2.094 (1.813–2.420) < 0.001 2.098 (1.787–2.463) < 0.001 

Treatment with Remdesivir 1.096 (0.507–2.366) 0.816 0.871 (0.360–2.109) 0.760 

Treatment with LPV/r 0.651 (0.581–0.729) < 0.001 0.705 (0.620–0.801) < 0.001 

LPV/r: lopinavir/ritonavir. OR: odds ratio. 95CI: 95% confidence interval. 
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stage of disease. However, results were again disappointing, and

add another nail in the coffin of LPV/r when considering its use for

COVID-19. 

Our study has some limitations. First, it has the biases inherent

to retrospective observational studies. Also, despite the fact that

the number of patients included allowed us to perform PS match-

ing, which may have reasonably controlled for many of these bi-

ases, the balance of some parameters was not perfect according to

SMD values. Still, as a multicenter study involving a large number

of hospitals, it has the strength of being rooted in real-life prac-

tice, far from strict inclusion and exclusion criteria of clinical tri-
ls. Second, we have used mortality as a primary endpoint, as oth-

rs have done, but we cannot rule out any benefits of LPV/r that

ould have emerged had we analyzed softer outcomes, such as

ime to improvement or disease duration, as suggested by the re-

ort of Klement-Frutos et al. 8 Finally, our analysis has used data

rom COVID-19 first wave in Spain, when efficacy of corticosteroids

r other drugs was not yet proved. Thus, our analysis is not ad-

usted for these treatments. However, these therapies, at least dur-

ng the first wave of the pandemic, have usually been reserved for

evere patients, and thus may be surrogate predictors of unfavor-

ble progress. 
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In conclusion, we have analyzed a large, multicenter cohort of

atients with COVID-19 and have not found any benefits to admin-

stering LPV/r, even when it was administered within the first 8

ays of symptoms. Our results discourage its use in SARS-CoV-2

nfection. 
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Members of the SEMI-COVID-19 Group 
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Paloma Agudo de Blas, Coral Arévalo Cañas, Blanca Ayuso, José

ascuñana Morejón, Samara Campos Escudero, María Carnevali
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ernández, Javier Tejada Montes. 
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Xavier Corbella, Narcís Homs, Abelardo Montero, Jose María

ora-Luján, Manuel Rubio Rivas. 

. U. Gregorio Marañón. Madrid 

Laura Abarca Casas, Álvaro Alejandre de Oña, Rubén Alonso

eato, Leyre Alonso Gonzalo, Jaime Alonso Muñoz, Crhistian Mario

modeo Oblitas, Cristina Ausín García, Marta Bacete Cebrián,

esús Baltasar Corral, Maria Barrientos Guerrero, Alejandro Ben-

ala Estrada, María Calderón Moreno, Paula Carrascosa Fernán-

ez, Raquel Carrillo, Sabela Castañeda Pérez, Eva Cervilla Muñoz,

gustín Diego Chacón Moreno, Maria Carmen Cuenca Carvajal, Ser-

io de Santos, Andrés Enríquez Gómez, Eduardo Fernández Car-

acedo, María Mercedes Ferreiro-Mazón Jenaro, Francisco Galeano
alle, Alejandra Garcia, Irene Garcia Fernandez-Bravo, María Euge-

ia García Leoni, Maria Gomez Antunez, Candela González San Nar-

iso, Anthony Alexander Gurjian, Lorena Jiménez Ibáñez, Cristina

avilla Olleros, Cristina Llamazares Mendo, Sara Luis García, Víc-

or Mato Jimeno, Clara Millán Nohales, Jesús Millán Núñez-Cortés,

ergio Moragón Ledesma, Antonio Muiño Miguez, Cecilia Muñoz

elgado, Lucía Ordieres Ortega, Susana Pardo Sánchez, Alejandro

arra Virto, María Teresa Pérez Sanz, Blanca Pinilla Llorente, San-

ra Piqueras Ruiz, Guillermo Soria Fernández-Llamazares, María

oledano Macías, Neera Toledo Samaniego, Ana Torres do Rego,

aria Victoria Villalba Garcia, Gracia Villarreal, María Zurita Etayo. 

. U. La Paz-Cantoblanco-Carlos III. Madrid 

Jorge Álvarez Troncoso, Francisco Arnalich Fernández, Francisco

lanco Quintana, Carmen Busca Arenzana, Sergio Carrasco Molina,

ranzazu Castellano Candalija, Germán Daroca Bengoa, Alejandro

e Gea Grela, Alicia de Lorenzo Hernández, Alejandro Díez Vidal,

armen Fernández Capitán, Maria Francisca García Iglesias, Borja

onzález Muñoz, Carmen Rosario Herrero Gil, Juan María Herrero

artínez, Víctor Hontañón, Maria Jesús Jaras Hernández, Carlos La-

oz, Cristina Marcelo Calvo, Juan Carlos Martín Gutiérrez, Mon-

ca Martinez Prieto, Elena Martínez Robles, Araceli Menéndez Sal-

aña, Alberto Moreno Fernández, Jose Maria Mostaza Prieto, Ana

oblejas Mozo, Carlos Manuel Oñoro López, Esmeralda Palmier

eláez, Marina Palomar Pampyn, Maria Angustias Quesada Simón,

uan Carlos Ramos, Luis Ramos Ruperto, Aquilino Sánchez Purifi-

ación, Teresa Sancho Bueso, Raquel Sorriguieta Torre, Clara Itziar

oto Abanedes, Yeray Untoria Tabares, Marta Varas Mayoral, Julia

ásquez Manau. 
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Jose Luis Beato Pérez, Maria Lourdes Sáez Méndez. 
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María Álvarez Bello, Ane Andrés Eisenhofer, Ana Arias Milla,

solina Baños Pérez, Laura Benítez Gutiérrez, Javier Bilbao Garay,

ilvia Blanco Alonso, Jorge Calderón Parra, Alejandro Callejas Díaz,

osé María Camino Salvador, M ª Cruz Carreño Hernández, Valentín

uervas-Mons Martínez, Sara de la Fuente Moral, Miguel del Pino

imenez, Alberto Díaz de Santiago, Itziar Diego Yagüe, Ignacio Do-

ate Velasco, Ana María Duca, Pedro Durán del Campo, Gabriela

scudero López, Esther Expósito Palomo, Ana Fernández Cruz, Es-

her Fiz Benito, Andrea Fraile López, Amy Galán Gómez, Sonia Gar-

ía Prieto, Claudia García Rodríguez-Maimón, Miguel Ángel Gar-

ía Viejo, Javier Gómez Irusta, Edith Vanessa Gutiérrez Abreu, Is-

bel Gutiérrez Martín, Ángela Gutiérrez Rojas, Andrea Gutiérrez

illanueva, Jesús Herráiz Jiménez, Pedro Laguna del Estal, M ª Car-

en Máinez Sáiz, Cristina Martín, María Martínez Urbistondo, Fer-

ando Martínez Vera, Susana Mellor Pita, Patricia Mills Sánchez,

sther Montero Hernández, Alberto Mora Vargas, Cristina Moreno

ópez, Alfonso Ángel-Moreno Maroto, Victor Moreno-Torres Con-

ha, Ignacio Morrás De La Torre, Elena Múñez Rubio, Ana Muñoz
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Jesús Javier González Igual, Laura Letona Giménez, Mónica Llorente

Barrio, Luis Sáez Comet. 
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María Aguilera García, Ester Alonso Monge, Jesús Álvarez Ro-

dríguez, Claudia Alvarez Varela, Miquel Berniz Gòdia, Marta Br-

iega Molina, Marta Bustamante Vega, Jose Curbelo, Alicia de las

Heras Moreno, Ignacio Descalzo Godoy, Alexia Constanza Espiño

Alvarez, Ignacio Fernández Martín-Caro, Alejandra Franquet López-
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Ramil Freán, Laura Ramos Alonso, Francisco Javier Sanmartín Pen-

sado, David Vieito Porto. 

H. Moisès Broggi. Sant Joan Despí

Judit Aranda Lobo, Jose Loureiro Amigo, Isabel Oriol Bermúdez,

Melani Pestaña Fernández, Nicolas Rhyman, Nuria Vázquez Pi-
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Hospital Universitario Dr. Peset. Valencia 

Juan Alberto Aguilera Ayllón, Arturo Artero, María del Mar Car-

mona Martín, María José Fabiá Valls, Maria de Mar Fernández Gar-

cés, Ana Belén Gómez Belda, Ian López Cruz, Manuel Madrazo

López, Elisabet Mateo Sanchis, Jaume Micó Gandia, Laura Piles

Roger, Adela Maria Pina Belmonte, Alba Viana García. 

Hospital Clínico de Santiago. Santiago de Compostela 

Maria del Carmen Beceiro Abad, Maria Aurora Freire Romero,

Sonia Molinos Castro, Emilio Manuel Paez Guillan, María Pazo

Nuñez, Paula Maria Pesqueira Fontan. 
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M ª Mar Ayala Gutiérrez, Rosa Bernal López, José Bueno Fonseca,
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ondo, Leticia Espinosa Del Barrio, Pedro Jesús Esteve Atién-

ar, Carles García Cervera, David Francisco García Núñez, Vicente
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ear Editor, 

Corticosteroids mitigate 28-day all-cause mortality in coron-

virus disease-2019 (COVID-19) patients requiring oxygen or me-

hanical ventilation (meta-analysis summary odds ratio (OR), 0.66;

5%-confidence interval (95%IC), [0.53–0.82]; P < 0.001); however,

ortality remains high (32.7%). 1 In a previous observational co-

ort study, we established that an early 4-day treatment combin-

ng corticosteroid (prednisolone dose equivalent, 1.25 mg/kg/24 h)

nd furosemide (80 mg/day) was effective in reducing the need for

echanical ventilation and overall mortality (OR, 0.35 [0.11–1.01];

 = 0.04) in non-critically ill COVID-19 patients. 2 

The GRECCO-19 randomized trial suggested a benefit of

olchicine in preventing clinical deterioration in hospitalized non-

ritically ill COVID-19 patients. 3 Similarly, an observational co-

ort study reported that salicylate treatment was associated with

eduction in intensive care unit (ICU) and mechanical ventila-

ion requirements in hospitalized COVID-19 patients, although in-

ospital death was not significantly modified. 4 Moreover, pro-

hylactic or intermediate-dose anticoagulation was highly recom-

ended in hospitalized COVID-19 patients who are at high-risk

f venous thromboembolic events (VTE). 5 Specifically, direct oral

nticoagulant use was shown to be associated with improved

utcome. 6 
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Table 1 

Characteristics of the COVID-19 patients treated or not treated with the five-drug regimen combining prednisone, furosemide, salicylate, colchicine and 

direct anti-Xa inhibitor. Data are presented as percentages or medians [percentiles 25th-75th]. Comparisons were performed using Mann-Whitney or 

Fisher exact tests, as appropriate. 

Patients not receiving the 

five-drug regimen 

( N = 40) 

Patients receiving the 

five-drug regimen 

( N = 28) 

P 

Demographics and past medical history 

Age (year) 64 [49–73] 68 [62–78] 0.06 

Male gender, N (%) 33 (83) 20 (71) 0.37 

Body-mass index (kg/m ²) 28 [25–31] 26 [24–28] 0.13 

Hypertension, N (%) 16 (40) 15 (54) 0.32 

Diabetes mellitus, N (%) 15 (38) 15 (54) 0.22 

Cardiovascular disease, N (%) 11 (28) 9 (32) 0.78 

Chronic lung disease, N (%) 1 (3) 1 (4) 1 

Clinical and biological parameters on admission 

Symptom duration (day) 8 [4–11] 8 [7–10] 0.99 

4C Mortality Score 9 [6–12] 10 [9–12] 0.08 

SpO 2 at room air (%) 92 [91–96] 94 [91–95] 0.65 

PaO 2 at room air (mmHg) 63 [58–72] 65 [58–74] 0.72 

Crazy paving area on CT-scan (%) 50 [25–50] 50 [25–50] 0.75 

Proximal/segmental pulmonary embolism diagnosed on 

CT-scan, N (%) 

4 (10) 1 (4) 0.64 

C-reactive protein (mg/L) 97 [60–165] 86 [61–126] 0.68 

Procalcitonin (μg/L) 0,14 [0.06–0.25] 0,11 [0.07–0.22] 0.73 

White blood cells (G/L) 7.0 [4.9–9.5] 6.3 [4.8–7.4] 0.28 

Lymphocytes (G/L) 1.0 [0.7–1.2] 0.9 [0.7–1.2] 0.88 

Brain natriuretic peptide (ng/L) 19 [10–52] 38 [13–111] 0.12 

Brain natriuretic peptide ≥ 100 ng/L 8 (20) 8 (29) 0.56 

Troponin Ic high-sensitivity (ng/mL) 9 [4–20] 9 [4–31] 0.90 

D-dimer (ng/mL) 935 [578–1402] 870 [528–1575] 0.92 

Serum creatinine (μmol/L) 85 [71–105] 86 [68–111] 0.81 

Estimated Glomerular filtration (mL/min) 78 [59–94] 74 [49–91] 0.47 

Additional treatments 

Prophylactic/therapeutic anticoagulant, N (%) 

Therapeutic anticoagulant, N (%) 

40 (100) 

8 (20) 

28 (100) 

9 (32) 

1 

0.27 

Aspirin, N (%) 8 (20) 28 (100) < 0.0 0 01 

Colchicine, N (%) 0 (0) 28 (100) < 0.0 0 01 

Furosemide, N (%) 4 (10) 28 (100) < 0.0 0 01 

Antibiotics, N (%) 29 (73) 17 (61) 0.43 

Outcomes 

Invasive or non-invasive mechanical ventilation, high-flow 

oxygen therapy or 28-day death, N (%) 

18 (45) 2 (7) 0.0 0 09 

Maximal oxygen flow (L/min) 6 [3–11] 3 [2–4] 0.002 

High-flow oxygen therapy, N (%) 5 (13) 1 (4) 0.38 

Non-invasive mechanical ventilation, N (%) 5 (13) 0 (0) 0.07 

Invasive mechanical Ventilation, N (%) 6 (15) 1 (4) 0.21 

28-day death, N (%) 2 (5) 0 (0) 0.5 

Length of hospital stay (days) 7 [4–9] 7 [6–9] 0.28 
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Based on the data discussed above and the pathophysiology of

OVID-19 and its complications, i.e. thrombosis, inflammation and

ongestion, we hypothesized that a five-drug regimen consisting in

 5-day course of 1 mg/kg/day prednisone, 80 mg/day furosemide,

5 mg/day salicylate, colchicine (1 mg loading dose followed by

.5 mg one hour later then 0.5 mg every 8 h as recommended to

reat acute gout) 7 and direct anti-Xa inhibitor such as rivarox-

ban or apixaban would optimally mitigate COVID-19-attributed

ortality. To address the effectiveness of this five-drug regimen,

e designed an observational cohort study (COrtiCoid-Aspirin-

nticoagulant-Colchicine-LAsix R ©, the COCAA-COLA study) includ-

ng all successive non-critically ill COVID-19 patients requiring

 1 L/min-oxygen and admitted to our ward between 2020/01/09

nd 2020/11/30 (during the second wave in France). Patients who

id not receive this regimen were treated with dexamethasone

6 mg once daily for up to 10 days) 8 and low-molecular weight

eparin (control group). All patients received standard of care,

.e. oxygen with flow adapted to oximetry, proton pump inhibitor,

ntibiotics, insulin, potassium supplementation and loperamide if

eeded. No antiviral or additional immunomodulatory therapy was

sed due to the absence of clearly demonstrated benefit. Sys-

ematic chest computed tomography angiography was performed

n admission if not contra-indicated. Anticoagulants (direct anti-

a inhibitor in the five-drug regimen-treated patients or low-

olecular weight heparin in the others) were administered at pro-
hylactic dose with the exception of patients exhibiting VTE or

lasma d -dimer ≥50 0 0 ng/mL (a threshold predicting increased

TE risk in COVID-19 patients) 9 who were administered anticoagu-

ants at therapeutic dose. Usual monitoring including pulse oxime-

ry, electrocardiogram, finger blood sugar and daily routine chemi-

al tests was provided. 

The primary composite endpoint was requirement of high-flow

xygen therapy, non-invasive or invasive mechanical ventilation

corresponding to care escalation from ward to ICU) or 28-day

ortality. The 4C Mortality Score, a risk stratification score for hos-

italized COVID-19 patients, was used to predict in-hospital mor-

ality. 10 Data were expressed as median [25th-75th percentiles] or

ercentages. Univariate comparisons were performed using Mann-

hitney or Fisher exact tests, as appropriate. A multivariate lo-

istic regression model was tested with the five-drug regimen

s explanatory variable and adjustment for independent covari-

tes (gender, age, body-mass index and comorbidities) to explain

he outcome. Odds ratios (OR) and their 95%CI were determined.

tratified categorical data were compared using Cochran-Mantel-

aenszel tests. P -values ≤0.05 were considered significant. Analyses

ere preformed using the R4.0 environment. 

We included sixty-eight patients (age, 66years [54–75];

ale/female sex-ratio, 3.5; body-mass index, 27 kg/m ² [24–30]; hy-

ertension, 46%; diabetes mellitus, 44%; cardiovascular disease,

9%; chronic lung disease, 3%). Twenty-eight patients (41%) re-
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Fig. 1. Impact of the prednisone/furosemide/colchicine/salicylate/direct anti-Xa inhibitor regimen in the different patient subgroups defined according to age (using the 

median value, 66.5 years, as threshold), gender, presence of diabetes mellitus, serum brain natriuretic peptide (BNP; threshold at 100 ng/mL) and troponin levels (threshold 

at 16 ng/mL). Odds ratio (OR) and their 95%-confidence intervals were determined . (For interpretation of the references to colour in this figure legend, the reader is referred 

to the web version of this article.) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

r  

h  

i  

a  

c  

r  

f  

t  

c  

m

 

w  

a  

i  

s  

t  

 

o  

n  

t  

t  

i  

s

E

 

d  

i  
ceived the five drug-therapy regimen whereas forty (59%) were in-

cluded in the control group. Based on the 4C Mortality Score (10

[8–12]), predicted mortality on admission was ∼30%. No signifi-

cant differences were observed between the groups regarding the

clinical and biological characteristics and the predicted mortality

( Table 1 ). Noteworthy, 4/40 control patients (10%) at risk of car-

diogenic pulmonary edema (serum brain natriuretic peptide (BNP)

≥100 ng/mL) received furosemide. 

Among patients receiving the five-drug regimen, the incidence

of primary composite endpoint was lower than in the control

group (OR = 0.097 [0.001–0.48], P = 0.0009). Multivariate analysis

confirmed the significant effect of the five-drug regimen on out-

come after adjustment for independent covariates, including age,

body-mass index, 4C Mortality Score, high serum BNP level and

high white blood cell count (OR = 0.043 [0.0053–0.21], P = 0.0005).

The model was significant compared to a model without the five-

drug regimen ( P < 0.0 0 0 01). Additionally, patient subgroups were

analyzed following stratification by age (using the median value as

threshold), gender and risk factors including diabetes, elevated BNP

(threshold, 100 ng/ml) and troponin levels (threshold, 16 ng/mL;

Fig. 1 ). Remarkably, the five-drug regimen was associated with a

significant reduction in primary composite endpoint in males only.

Additionally, there was a stronger and more significant protective

effect of our regimen in patients with elevated-BNP (OR = 0.0 [0.0–

0.47], P = 0.007) than in low-BNP patients (OR = 0.17 [0.02–0.94],

P = 0.03). Thus, the primary composite endpoint was improved

in elevated- versus low-BNP patients ( P = 0.0 0 03). We observed

no remarkable adverse effects attributed to the five-drug regimen

except mild colchicine-related diarrhea (21%) resolved with lop-

eramide. 
The GRECCO-19 trial showed improved time to clinical dete-

ioration in hospitalized COVID-19 patients receiving colchicine;

owever, the benefit relied on a narrow margin of clinical signif-

cance. 3 By adding colchicine to the recommended corticosteroid

nd anticoagulant, together with aspirin and furosemide, we suc-

eeded in improving the outcome. The five drugs included in our

egimen were given orally for a short course, paving the way

or an outpatient treatment. Interestingly, the recent COLCORONA

rial conducted in non-hospitalized COVID-19 patients supported

olchicine-related benefit in reducing hospitalizations, need for

echanical ventilation and mortality. 11 

Colchicine dose regimen differed between the three studies

ith higher cumulative colchicine doses in the GRECCO-19 (22 mg)

nd COLCORONA trials (16.5 mg) compared to ours (8 mg). Us-

ng the same primary composite endpoint, our five-drug regimen

ignificantly improved prognosis in comparison to the corticos-

eroid/furosemide combination of our previous study 2 ( P = 0.0 0 01).

In conclusion, our data highlight the benefit and safety

f an early short-course oral regimen combining pred-

isone/colchicine/salicylate/direct anti-Xa inhibitor/furosemide

o reduce the risk of high flow oxygen need, mechanical ventila-

ion requirement or 28-day mortality in hospitalized non-critically

ll COVID-19 patients. Our preliminary observational findings

hould be confirmed in larger cohorts. 

thics approval and consent to participate 

This study was part of the French COVID-19 cohort registry con-

ucted by the REACTing consortium (REsearch and ACTion target-

ng emerging infectious diseases) and directed by INSERM (Institut
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ational de la santé et de la recherche médicale) and ISARIC (Inter-

ational Severe Acute Respiratory and Emerging Infection Consor-

ium). Our institutional ethics committee approved the study (N °,
DRCB, 2020-A00256–33; CPP, 11–20 20.02.04.68737). 
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ata analysis. 
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Dear Editor, 

A significant number of patients suffering from COVID-19 in-

fection refers illness-related symptoms several weeks or months

after the acute episode. The so-called post-COVID syndrome or

long COVID syndrome includes persistent symptoms that could be

the result of residual inflammation, organ damage, non-specific ef-

fects from the hospitalization or prolonged ventilation, social iso-

lation or impact on pre-existing health conditions. 1–3 Very re-

cently, Moreno-Perez et al 2 published in Journal of Infection a large

prospective series of 277 patients (66% of them hospitalized) in

a mediterranean population the post-COVID syndrome at about

3 months after diagnosis was detected in 141 individuals (51%),

59% of hospitalized patients and 37% of outpatients. 2 Several series

with different follow-up periods have reported the incidence of

persistent symptoms ranging from about one third in outpatients

and up to 90% in hospitalized patients. 1–6 However, our clinical

experience led us to suspect that patients with asthma had post-

covid syndrome less frequently. In fact, in patients with preexisting

asthma, a lower COVID-19 susceptibility has been reported. 7 , 8 It

is possible that this lower susceptibility also affects the long-term

persistence of disease symptoms. For this reason, we evaluated the

persistence of symptoms attributed to COVID-19 three months af-

ter infection in a series of patients with asthma under follow-up in

our department. 

In the period between March 3 and December 11, 2020, a

total of 2995 patients over 14 years of age tested positive for

SARS-CoV-2 (determined by RT-PCR technique) in our health de-

partment, 77 of them with asthma (2.6%). Three of these 77 pa-

tients were excluded for this study (two of them due to death

and one due to lack of follow-up). A total of 74 patients with

asthma were periodically surveyed by telephone about their clin-

ical evolution. Symptoms referred at three months were recorded

for evaluation. The study was approved by the local institutional

ethics board, that authorized the study without written individ-

ual patient consent statement due to the characteristics of the

disease. Severity of asthma was established according to the pre-

scribed therapy following international GINA recommendations

(https://ginasthma.org/): mild (step 1 and 2 of GINA), moderate

(step 3 and 4) or severe (step 5). Asthma was classified as aller-

gic, eosinophilic and non-T2. The allergic group included patients

with elevated IgE, a positive prick test to pneumo-allergens or

seasonal asthma associated with rhinitis. Eosinophilic patients in-

cluded those who were non-allergic with a blood eosinophil count

of more than 300 per millilitre. Patients who did not meet these

criteria were classified as non-T2 phenotype. 

Of the 74 patients with asthma, 42 were females (57%). The

median age was 49 years (interquartile range 34–60). Asthma was

mild in 17 (23%) patients, moderate in 52 (70%) and severe in five

(7%) (four receiving omalizumab and one benralizumab). Twenty-

five patients with asthma (34%) were asymptomatic during SARS-

CoV-2 infection, 34 (46%) developed symptoms but did not re-

quire hospital admission, and 15 (20%) were hospitalised. Forty-

six patients were classified as having allergic asthma, seven as

eosinophilic asthma, and 21 as non-T2 asthma. Admitted patients

were five allergic, three eosinophil and seven non-T2 phenotypes. 

Seven of the 74 (9.5%) patients with asthma infected by SARS-

CoV-2 that were followed-up reported post-COVID syndrome at 3

months; none of the 25 asymptomatic patients, 3 of the 34 pa-

tients (8.8%) with COVID-19 that not required hospitalization (2

fatigue and one hyposmia), and 4 (27%) of hospitalized patients

(cough 2 of them, and dyspnoea and fatigue one patient each

symptom). If we only consider symptomatic patients at diagnosis,
Low prevalence of post-COVID-19 syndrome in patients 

with asthma 

he prevalence of post-COVID syndrome was 14% (7 of 49). All but

ne of the 7 patients with post-COVID syndrome were receiving in-

aled corticosteroids. Only one patient with post-COVID syndrome

as classified as non-T phenotype asthma. Two patients with post-

OVID syndrome had mild asthma, 4 moderate and 1 severe. 

In our experience, patients with preexisting asthma have a

ower prevalence of post-COVID syndrome than that reported

mong the totality of COVID-19 patients. In addition to the men-

ioned series by Moreno-Perez et al 2 other experiences with gen-

ral COVID-19 population reported consistent results. In a series

f 110 patients hospitalised with COVID-19, at 8–12 weeks postad-

ission most (74%) had persistent symptoms (notably breathless-

ess and excessive fatigue), 4 almost three times as many of our

ospitalized asthmatic patients. (27%). In another series with 177

atients with less severe disease (6% asymptomatic, 85% with mild

isease and 9% requiring hospitalization) with a median follow-

p of 5.6 months after illness onset, one third reported at least

ne symptom (8.8% in our moderate cases), the most common, fa-

igue. 6 

The reason for this lower prevalence of post-COVID syndrome

n asthma could theoretically be related to immune characteristics

f the patients or to treatment. In fact, in-vitro studies have shown

hat inhaled glucocorticoids reduce the replication of SARS-CoV-2

n airway epithelial. 9 However, almost all our symptomatic patients

ere receiving this drug. 

Our study has several limitations. Patients, of one single cen-

re, were followed up by telephone and no face-to-face interview

as conducted. In addition, it is possible that the patients did not

eport mild symptoms or psychological disturbances. This implies

hat it is an exploratory study that needs to be confirmed. 

In conclusion, we have found that our patients with asthma

ave a low prevalence of persistent symptoms at three months of

nset of COVID-19. It seems of interest to confirm this finding in

ther centres and with larger samples and to analyse its possible

auses. 
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i  
ear Editor, 

It has recently been suggested that prior SARS-CoV-2 infection

s associated with protection against symptomatic reinfection [ 1 , 2 ].

he role of protective immunity after COVID-19 has been assessed

n population-based and cohort studies, where symptomatic recur-

ences with positive SARS-CoV-2 RT-PCR results were investigated

 2 , 3 ], usually lacking genomic sequencing to confirm reinfection.

owever, limited data are available to date about the frequency of

ong-term asymptomatic reinfections and/or recurrences. Because

f their confirmed transmission risk [4] , asymptomatic infections

lso have significant epidemiologic implications in terms of public

ealth control. To answer this question, longitudinal studies with

equential sampling following SARS-CoV-2 infection would be re-

uired, ideally including sequencing of viral genomes to discern

etween reinfection and disease recurrence. Recently, the Centers

or Disease Control (CDC) have proposed an investigation proto-

ol for identifying cases with a high index of suspicion for rein-

ection [5] , that prioritizes new detection of SARS-CoV-2 RNA ≥90

ays since first infection, whether or not symptoms are present,

vailability of paired respiratory specimens with a RT-PCR cycle

hreshold (Ct) value < 33, and genomic sequencing to confirm re-

nfection. An acknowledged limitation of the protocol consists in

he exclusion of asymptomatic or mildly symptomatic individuals

ho never seek testing for SARS-CoV-2. We conducted a prospec-

ive study in a cohort of patients hospitalized for microbiologically-

onfirmed COVID-19 in the first wave, who were longitudinally

ollowed-up during a 6-month period with sequential nasopharyn-

eal and blood sampling. We evaluated the incidence of late re-

nfections and recurrences, both symptomatic and asymptomatic,

nd validated the CDC predictive criteria to identify late reinfec-

ions occurring in our cohort by genomic sequencing of the sus-

ected cases. Blood and nasopharyngeal samples were obtained

uring hospital stay and at 1, 2 and 6 months after patients’ dis-

harge for measuring antibody levels and SARS-CoV-2 RNA. IgG

ntibody plasma levels against the SARS-CoV-2 internal nucleo-
9. Matsuyama S., Kawase M., Nao N., Shirato K., Ujike M., Kamitani W., et al.
The inhaled steroid ciclesonide blocks SARS-CoV-2 RNA replication by tar-

geting the viral replication-transcription complex in cultured cells. J Virol
2020; 95 (1):e01648 -20. doi: 10.1128/JVI.01648-20 . 
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ncidence of delayed asymptomatic COVID-19 recurrences 

n a 6-month longitudinal study 
apsid protein (N-IgG) and the spike protein (S-IgG) (Anti-SARS-

oV-2 IgG ELISA, Euroimmun, Lubeck, Germany) were tested, and

ARS-CoV-2 RNA was detected by RT-PCR (AllplexTM 2019-nCoV

ssay, Seegene, Seoul, Korea) which targeted the E, RdRP, and N

enes. Genome sequencing of SARS-CoV-2 was performed on na-

opharyngeal samples following ARTIC amplicon sequencing proto-

ol for MinIon version V3- Phylogenetic analysis was done using

ebserver Nextstrain ( https://nextstrain.org/ ), with the SARS-CoV-

 database Nextclade ( https://clades.nextstrain.org/ ). 

146 patients admitted for COVID-19 were followed-up. Median

ge was 64 years, 88 (60.3%) were male, and 72.6% had coexisting

omorbid diseases. SARS-CoV-2 shedding lasted a median (Q1-Q3)

f 13 (2.2–33.8) days, median (Q1-Q3) time from illness onset to

eropositivity was 12 (8–15) days, and peak S-IgG was 5.9 (0.3–

.1) absorbance/cut-off (S/CO) and peak N-IgG 4.1 (0.3–4.9) S/CO.

t 1 month after discharge, 40/146 (27%) subjects tested positive

or SARS-CoV-2 RNA; 15/127 (11.8%) at 2 months, and 5/134 (3.7%)

t 6 months. We analyzed the 5 patients with positive RT-PCR oc-

urring more than 90 days since first COVID-19 diagnosis ( Table 1 ).

edian (range) time from diagnosis to new detection of SARS-CoV-

 RNA was 183 (167–204) days. Cases included 3 men, with ages

anging from 44 to 73 years, and 3 of them had subjacent comor-

idity. Two patients were readmitted to hospital at re-positivity,

nd 3 patients remained asymptomatic. Only one patient had a

t < 33, and in the other four patients the Cts ranged from 33 to

8. Genomic sequencing was performed in 4 individuals with avail-

ble paired samples. In the three patients with Ct ≥33, all of them

symptomatic, the same clade 20B was detected. In two of them,

he clade showed the same hallmark single nucleotide variants. In

he third patient, the follow-up sample showed two new muta-

ions, a K374R substitution in the N gene and an A222V substi-

ution in the S gene, probably reflecting adaptive viral changes as-

ociated to persistent infection. Genomic sequencing of the symp-

omatic patient with a Ct of 18 showed phylogenetically distinct

enomic sequences; the first sample was member of the clade 20A,

nd the most recent sample was member of the clade 20B. The 3

atients with asymptomatic recurrence and the symptomatic pa-

ient with no sequencing data showed detectable antibody levels

t the time of SARS-CoV-2 RNA re-positivity, ranging from 3.01 to

.01 S/CO for S-IgG and 2.6 to 2.46 S/CO for N-IgG. The patient

ith symptomatic reinfection had no detectable antibody levels at

he time of re-positivity. 

Our results show that late asymptomatic RT-PCR re-positivity

oes occur after COVID-19, even 6 months later, and does not nec-

ssarily represent new infection, despite the prolonged time inter-

al elapsed and the negativity of subsequent RT-PCR tests since

he first diagnosis. Although asymptomatic and symptomatic SARS-

oV-2 re-positivity had been reported, median time to recurrence

as usually lower, around 1–2 months [ 6 , 7 ]. We found that the

DC criteria showed to satisfactorily predict reinfection, since none

f patients not meeting the proposed criteria showed to be rein-

ected after genomic sequencing testing, while reinfection was ac-

ually confirmed in the suspected case according to criteria. Un-

ortunately, paired samples were not available for sequencing the

iral genomes of one of the patients, who had a symptomatic re-

ositivity with a Ct value of 36. This patient would not have been

lassified as a case of suspected reinfection by CDC criteria. In-

erestingly, confirmed recurrences were accompanied by coexist-

ng detectable antibody levels, as it also occurred with the symp-

omatic suspected recurrence, while antibodies were not present in

he patient with reinfection. These findings reinforce the protective

ole of antibodies against reinfection. Peak antibody levels after the

rst SARS-CoV-2 infection in patients with recurrence did not dif-

er from average values observed in the cohort, and S-IgG levels

t the time of recurrence were within the range of peak levels.

hether this could have contributed to the absence of symptoms

n 3 of the 4 patients is unknown. Immune dysfunction has been

https://doi.org/10.1128/JVI.01648-20
mailto:egpachon@gmail.com
https://doi.org/10.1016/j.jinf.2021.03.023
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Table 1 

Characteristics of patients with late SARS-CoV-2 recurrence or reinfection. 

Patient #1 #2 #3 #4 #5 

Sex Female Male Female Male Male 

Age 44 54 64 73 52 

Comorbidity No No Breast cancer in 

remission 

Mental retardation, 

epilepsy 

Refractory 

hypertension, heart 

disease, CKD, obesity 

Highest WHO severity 

score at 1 st infection 

4 4 3 4 3 

Therapy for 1 st 

infection 

HCQ, AZIT, LPV/r HCQ, AZIT, LPV/r, 

steroid bolus 

HCQ, AZIT, LPV/r, 

interferon 

HCQ, AZIT None 

Hospital stay at 1 st 

infection, days 

10 13 10 11 5 

Time to recurrence, 

days 

167 183 181 204 240 

Symptoms at 

recurrence 

No No No Yes ∗ Yes 

No. of negative RT-PCR 

tests before recurrence 

6 2 1 0 1 

Cycle threshold at 

recurrence 

33 34 38 36 18 

Peak S-IgG, S/CO 4.14 13.8 7.24 75.10 & NA 

Peak N-IgG, S/CO 9.51 4.89 4.53 NA NA 

S-IgG at recurrence, 

S/CO 

3.04 5.62 6.01 NA Undetectable 

N-IgG at recurrence, 

S/CO 

2.61 1.92 2.46 NA Undetectable 

Genomic sequencing Same clade 20A Same clade 20A Same clade 20A NA Different clades, 20A 

and 20B 

∗The patient was readmitted to hospital. 

HCQ, hydroxychloroquine; AZIT, azithromycin; LPV/r, lopinavir/ritonavir; S/CO, absorbance/cut-off; CKD, chronic kidney disease; NA, not available. 
& Antibodies were detected with Liaison® SARS-CoV-2 S1/2 IgG Diasorin (Saluggia, Italia); positive cut-off ≥15.0 AU/ml. 
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implicated among the factors potentially contributing to reactiva-

tion of latent persistent virus after COVID-19 [2] . Despite the ade-

quate antibody levels, additional immune deficits, such an insuffi-

cient cellular immune response to SARS-CoV-2, might have had a

role in the delayed RT-PCR re-positivity. 

Our study provides long-term data about the natural history

of COVID-19. Asymptomatic recurrences are detected up to six

months after COVID-19. The CDC criteria are helpful to distinguish

between disease recurrence and reinfection. 
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ear Editor, 

The emergence of new SARS-CoV-2 variants, especially those of

oncerns, and their rapid dispersal emphasize the importance of

ctive surveillance for SARS-CoV-2 variants worldwide. 1 , 2 

In the morning of 28th January 2021, after 55 days with-

ut SARS-CoV-2 community transmission in Vietnam, two PCR-

onfirmed cases of SARS-CoV-2 infection were reported. They came

rom two neighboring provinces, Hai Duong (HD) and Quang Ninh

QN), in the north of Vietnam. 3 By the end of the day, 88 cases had

een confirmed in these two provinces. 

On the 28th of January 2021, a 28-year old man (patient 1)

resented to a local district hospital in Ho Chi Minh city (HCMC)

n southern Vietnam. He had just flown back from HD, where he

ad attended a relative’s wedding party on 18th January. One of

is relatives in HD tested positive for SARS-CoV-2 on the 28th Jan-

ary. As per the control measures in Vietnam, 4 a nasopharyngeal

hroat swab (NTS) was obtained from patient 1 and tested positive

or SARS-CoV-2 by RT-PCR 

5 on 29th January. Because the strain of

he virus responsible for the outbreak in the north was unknown,

e whole genome sequenced SARS-CoV-2 directly from the NTS

f patient 1 using the ARTIC protocol, 6 and obtained a complete

enome on 31st January. Lineage analysis using Pangolin 

7 returned

.1.1.7, representing the first report of B.1.1.7 from a case of locally-

cquired infection in Vietnam. 3 Contact tracing identified a total of

62 close contacts of patient 1, but none were positive for SARS-

oV-2 by RT-PCR on 4th February. 
apid whole-genome sequencing to inform COVID-19 

utbreak response in Vietnam 
ig. 1. Maximum likelihood phylogenetic tree showing the relatedness between the Vietn

epresentatives of global A.23.1 strains (B). Continents or countries from where A.23.1 h

urope covers non-UK countries, including Switzerland, Belgium and Denmark. Asia inc

o A.23.1 strains identified elsewhere, all the Vietnamese strains carried the four definin

rotein. 
The rapid expansion of the outbreak in the north, possibly

aused by variant B.1.1.7, raised concerns about a nationwide out-

reak (Supplementary Figure 1A). This prompted HCMC to conduct

nhanced surveillance for SARS-CoV-2, primarily focusing on high-

isk groups, including those working at Tan Son Nhat (TSN) inter-

ational and domestic airport in HCMC. Subsequently, a baggage

andler (patient 2) working at the airport and his brother (not

orking at the airport) were found positive for SARS-CoV-2 on 6th

ebruary. The next day, four co-workers (patients 3–6) of patient

 also tested positive for SARS-CoV-2, while all contacts of patient

 

′ s brother were negative. At this time, the outbreak in the north

ad expanded to another 10 provinces/cities (Supplementary Fig-

re 1B). 

To dissect the epidemiological picture of the ongoing outbreak,

e whole genome sequenced SARS-CoV-2 from the NTS of patients

–6 using the ARTIC protocol. We obtained 3 complete genomes (1

rom patient 2 on 8th February, and 2 from patients 3 and 4 on

0th February). All were assigned to sub-lineage A.23.1 (Pangolin). 

After the detection of these six confirmed cases, contact tracing

nd testing detected 30 additional PCR confirmed cases, totaling 36

nfected cases, including 9 members of TSN airport staff in total. 3 

he remaining cases were contacts of these 9 individuals (data not

hown). Two additional SARS-CoV-2 whole genomes were success-

ully obtained from a brother of patient 6 and one of the airport

taff; all belonged to A.23.1. 

The 5 obtained whole-genome sequences of sub-lineage A.23.1

lustered tightly on a phylogenetic tree, and were closely related to

.23.1 strains collected from other countries ( Fig. 1 ). Our findings

uggest the TSN airport-associated cluster was caused by a single
amese SARS-CoV-2 sub-lineage A.23.1 (in red) obtained from the present study and 

as been documented are color-coded. Africa includes Rwanda, Uganda and Ghana. 

ludes United Arab Emirates. Americas includes Canada and United States. Similar 

g single nucleotide polymorphisms (F157L, V367F, Q613H and P681R) in the spike 

http://crossmark.crossref.org/dialog/?doi=10.1016/j.jinf.2021.03.017&domain=pdf
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Table 1 

Demographics of the study participants and contact details between RT-PCRconfirmed cases of the TSN airport associated cluster. 

Patient Age Gender Geographic locations Occupation Lineage determinatio n Symptomatic ∗

1 28 Male Hai Duong Not available B.1.1.7 Yes 

2 28 Male HCMC Baggage handler A.23.1 No 

3 28 Male HCMC Baggage handler, a co-worker of patient 2 A.23.1 Yes 

4 30 Male HCMC Baggage handler, a co-worker of patient 2 A.23.1 No 

5 41 Male HCMC Baggage handler, a co-worker of patient 2 NA No 

6 30 Male HCMC A co-worker of patient 2 NA No 

7 23 Male HCMC A brother of patient 6 A.23.1 No 

8 29 Male HCMC Baggage handler, a co-worker of patient 2 A.23.1 No 

9 25 Male HCMC Baggage handler, a co-worker of patient 2 NA No 

NA: not available, sequencing attempts were not successful. ∗Mild respiratory symptoms without requirement of oxygen supplement. HCMC: Ho Chi Minh 

City. 
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introduction of A.23.1 into the airport, although the origin of the

infection remains unknown. As of the 17th March HCMC had gone

35 days without any new community transmissions. 3 

Nine PCR-confirmed cases, including the 5 patients from whom

a complete genome of A.23.1 was obtained, consented to have their

clinical features reported. 8 Two had mild symptoms and 7 were

asymptomatic ( Table 1 and Supplementary Figure 2). 

Since its first detection in Rwanda in October 2020, as of

19th March 2021, A.23.1 has been reported in 23countries world-

wide. 9 Notably, recently, A.23.1 has emerged and become a pre-

dominant sub-lineage circulating in Kampala, Uganda. 2 Viruses of

A.23.1 carry four defining mutations in spike protein (F157L, V367F,

Q613H and P681R). Of these, Q613H is predicted to be biologi-

cally equivalent to the D614G, which emerged in early 2020, and

has been shown to increase the transmisibility. As a consequnence,

A.23.1 is now listed as one of the five variants (B.1.1.7, P1, B.1.351,

and B.1.525) to be tracked globally. 9 

The turn-around time from RT-PCR diagnosis to SARS-CoV-2

lineage determination by whole-genome sequencing was between

1.5–3 days. This was achievable because of pre-existing sequencing

infrastructure and expertise, and helped by the low prevalence of

SARS-CoV-2 in Vietnam. The sequencing findings were critical to

informing rapid public health responses in HCMC. Indeed, the de-

tection of the B.1.1.7 variant in the north led to enhanced surveil-

lance in the south and the detection of the TSN airport cluster,

which may otherwise have gone unnoticed. 

Active surveillance for SARS-CoV-2 variants has been applied in

developed countries since the beginning of the pandemic. 10 It is

now one of the top priorities of the WHO. However, success stories

from a resource-constrained setting like Vietnam remain uncom-

mon. Thus, enhancing the sequencing capacity in these recognized

hotspots of pathogen emergence is of vital importance for both the

global COVID-19 research agenda and the control of future emerg-

ing infections. 

In summary, while our findings have expanded the geographic

distributions of B.1.1.7 and A.23.1 variants, the data emphasize the

importance of active surveillance for SARS-CoV-2 worldwide. The

sequencing capacity in low- and middle-income countries must be

strengthened to address the challenges of the ongoing COVID-19

pandemic and future emerging infections. 

OUCRU COVID-19 research group 

Hospital for Tropical Diseases, Ho Chi Minh City, Vietnam:

Nguyen Van Vinh Chau, Nguyen Thanh Dung, Le Manh Hung,

Huynh Thi Loan, Nguyen Thanh Truong, Nguyen Thanh Phong,

Dinh Nguyen Huy Man, Nguyen Van Hao, Duong Bich Thuy,

Nghiem My Ngoc, Nguyen Phu Huong Lan, Pham Thi Ngoc Thoa,

Tran Nguyen Phuong Thao, Tran Thi Lan Phuong, Le Thi Tam Uyen,

Tran Thi Thanh Tam, Bui Thi Ton That, Huynh Kim Nhung, Ngo Tan

Tai, Tran Nguyen Hoang Tu, Vo Trong Vuong, Dinh Thi Bich Ty, Le
hi Dung, Thai Lam Uyen, Nguyen Thi My Tien, Ho Thi Thu Thao,

guyen Ngoc Thao, Huynh Ngoc Thien Vuong, Huynh Trung Trieu

ham Ngoc Phuong Thao, Phan Minh Phuong 

Oxford University Clinical Research Unit, Ho Chi Minh City,

ietnam: Dong Thi Hoai Tam, Evelyne Kestelyn, Donovan Joseph,

onald Geskus, Guy Thwaites, Ho Quang Chanh, H. Rogier van

oorn, Ho Van Hien, Ho Thi Bich Hai, Huynh Le Anh Huy, Huynh

gan Ha, Huynh Xuan Yen, Jennifer Van Nuil, Jeremy Day, Joseph

onovan, Katrina Lawson, Lam Anh Nguyet, Lam Minh Yen, Le Dinh

an Khoa, Le Nguyen Truc Nhu, Le Thanh Hoang Nhat, Le Van Tan,

onia Lewycka Odette, Louise Thwaites, Maia Rabaa, Marc Choisy,

ary Chambers, Motiur Rahman, Ngo Thi Hoa, Nguyen Thanh Thuy

hien, Nguyen Thi Han Ny, Nguyen Thi Kim Tuyen, Nguyen Thi

huong Dung, Nguyen Thi Thu Hong, Nguyen Xuan Truong, Phan

guyen Quoc Khanh, Phung Le Kim Yen, Phung Tran Huy Nhat,

ophie Yacoub, Thomas Kesteman, Nguyen Thuy Thuong, Tran Tan

hanh, Tran Tinh Hien, Vu Thi Ty Hang 

cknowledgements 

This study was funded by the Wellcome Trust of Great Britain

10 6 680/B/14/Z and 204904/Z/16/Z). 

We are indebted to Ms Le Kim Thanh, Lam Anh Nguyet and

he Molecular Diagnostic Group of the Hospital for Tropical Dis-

ases for their logistic/laboratory support. We thank the patients

or their participations in this study, 

upplementary materials 

Supplementary material associated with this article can be

ound, in the online version, at doi: 10.1016/j.jinf.2021.03.017 . 

eferences 

1. Toovey O.T.R. , Harvey K.N. , Bird P.W. , Tang J.W.W. . Introduction of Brazilian

SARS-CoV-2 484 K.V2 related variants into the UK. J Infect 2021 . 

2. Bugembe D.L. , Phan M.V.T. , Ssewanyana I. , Semanda P. , Nansumba H. ,
Dhaala B. , Nabadda S. , O’Toole Á.N. , Rambaut A. , Kaleebu P. , Cotten M. .

A SARS-CoV-2 lineage A variant (A.23.1) with altered spike has emerged
and is dominating the current Uganda epidemic. MedRxiv 2021 doi:

https://doi.org/10.1101/2021.02.08.21251393 . 
3. ncov.moh.gov.vn, an official website of the Vietnamese Ministry of Health providing

update information about COVID-19. accessed on 6 March 2021. 

4. Van Tan L. . COVID-19 control in Vietnam. Nat Immunol 2021; 22 (3):261 . 
5. Corman V.M. , Landt O. , Kaiser M. , Molenkamp R. , Meijer A. , Chu D.K. , Ble-

icker T. , Brunink S. , Schneider J. , Schmidt M.L. , Mulders D.G. , Haagmans B.L. , van
der Veer B. , van den Brink S. , Wijsman L. , Goderski G. , Romette J.L. , Ellis J. , Zam-

bon M. , Peiris M. , Goossens H. , Reusken C. , Koopmans M.P. , Drosten C. . Detec-
tion of 2019 novel coronavirus (2019-nCoV) by real-time RT-PCR. Euro Surveill

2020; 25 (3) . 
6. https://artic.network/ncov-2019 , Version 3. 2020. 

7. Rambaut A. , Holmes E.C. , O’Toole A. , Hill V. , McCrone J.T. , Ruis C. , du Plessis L. ,

Pybus O.G. . A dynamic nomenclature proposal for SARS-CoV-2 lineages to assist
genomic epidemiology. Nat Microbiol 2020; 5 (11):1403–7 . 

8. Chau N.V.V. , Thanh Lam V. , Thanh Dung N. , Yen L.M. , Minh N.N.Q. , Hung L.M. ,
Ngoc N.M. , Dung N.T. , Man D.N.H. , Nguyet L.A. , Nhat L.T.H. , Nhu L.N.T. , Ny N.T.H. ,

Hong N.T.T. , Kestelyn E. , Dung N.T.P. , Xuan T.C. , Hien T.T. , Thanh Phong N. ,

https://doi.org/10.1016/j.jinf.2021.03.017
http://refhub.elsevier.com/S0163-4453(21)00133-X/sbref0001
http://refhub.elsevier.com/S0163-4453(21)00133-X/sbref0001
http://refhub.elsevier.com/S0163-4453(21)00133-X/sbref0001
http://refhub.elsevier.com/S0163-4453(21)00133-X/sbref0001
http://refhub.elsevier.com/S0163-4453(21)00133-X/sbref0001
http://refhub.elsevier.com/S0163-4453(21)00133-X/sbref0002
http://refhub.elsevier.com/S0163-4453(21)00133-X/sbref0002
http://refhub.elsevier.com/S0163-4453(21)00133-X/sbref0002
http://refhub.elsevier.com/S0163-4453(21)00133-X/sbref0002
http://refhub.elsevier.com/S0163-4453(21)00133-X/sbref0002
http://refhub.elsevier.com/S0163-4453(21)00133-X/sbref0002
http://refhub.elsevier.com/S0163-4453(21)00133-X/sbref0002
http://refhub.elsevier.com/S0163-4453(21)00133-X/sbref0002
http://refhub.elsevier.com/S0163-4453(21)00133-X/sbref0002
http://refhub.elsevier.com/S0163-4453(21)00133-X/sbref0002
http://refhub.elsevier.com/S0163-4453(21)00133-X/sbref0002
http://refhub.elsevier.com/S0163-4453(21)00133-X/sbref0002
http://refhub.elsevier.com/S0163-4453(21)00133-X/sbref0004
http://refhub.elsevier.com/S0163-4453(21)00133-X/sbref0004
http://refhub.elsevier.com/S0163-4453(21)00133-X/sbref0005
http://refhub.elsevier.com/S0163-4453(21)00133-X/sbref0005
http://refhub.elsevier.com/S0163-4453(21)00133-X/sbref0005
http://refhub.elsevier.com/S0163-4453(21)00133-X/sbref0005
http://refhub.elsevier.com/S0163-4453(21)00133-X/sbref0005
http://refhub.elsevier.com/S0163-4453(21)00133-X/sbref0005
http://refhub.elsevier.com/S0163-4453(21)00133-X/sbref0005
http://refhub.elsevier.com/S0163-4453(21)00133-X/sbref0005
http://refhub.elsevier.com/S0163-4453(21)00133-X/sbref0005
http://refhub.elsevier.com/S0163-4453(21)00133-X/sbref0005
http://refhub.elsevier.com/S0163-4453(21)00133-X/sbref0005
http://refhub.elsevier.com/S0163-4453(21)00133-X/sbref0005
http://refhub.elsevier.com/S0163-4453(21)00133-X/sbref0005
http://refhub.elsevier.com/S0163-4453(21)00133-X/sbref0005
http://refhub.elsevier.com/S0163-4453(21)00133-X/sbref0005
http://refhub.elsevier.com/S0163-4453(21)00133-X/sbref0005
http://refhub.elsevier.com/S0163-4453(21)00133-X/sbref0005
http://refhub.elsevier.com/S0163-4453(21)00133-X/sbref0005
http://refhub.elsevier.com/S0163-4453(21)00133-X/sbref0005
http://refhub.elsevier.com/S0163-4453(21)00133-X/sbref0005
http://refhub.elsevier.com/S0163-4453(21)00133-X/sbref0005
http://refhub.elsevier.com/S0163-4453(21)00133-X/sbref0005
http://refhub.elsevier.com/S0163-4453(21)00133-X/sbref0005
http://refhub.elsevier.com/S0163-4453(21)00133-X/sbref0005
http://refhub.elsevier.com/S0163-4453(21)00133-X/sbref0005
http://refhub.elsevier.com/S0163-4453(21)00133-X/sbref0007
http://refhub.elsevier.com/S0163-4453(21)00133-X/sbref0007
http://refhub.elsevier.com/S0163-4453(21)00133-X/sbref0007
http://refhub.elsevier.com/S0163-4453(21)00133-X/sbref0007
http://refhub.elsevier.com/S0163-4453(21)00133-X/sbref0007
http://refhub.elsevier.com/S0163-4453(21)00133-X/sbref0007
http://refhub.elsevier.com/S0163-4453(21)00133-X/sbref0007
http://refhub.elsevier.com/S0163-4453(21)00133-X/sbref0007
http://refhub.elsevier.com/S0163-4453(21)00133-X/sbref0007
http://refhub.elsevier.com/S0163-4453(21)00133-X/sbref0008
http://refhub.elsevier.com/S0163-4453(21)00133-X/sbref0008
http://refhub.elsevier.com/S0163-4453(21)00133-X/sbref0008
http://refhub.elsevier.com/S0163-4453(21)00133-X/sbref0008
http://refhub.elsevier.com/S0163-4453(21)00133-X/sbref0008
http://refhub.elsevier.com/S0163-4453(21)00133-X/sbref0008
http://refhub.elsevier.com/S0163-4453(21)00133-X/sbref0008
http://refhub.elsevier.com/S0163-4453(21)00133-X/sbref0008
http://refhub.elsevier.com/S0163-4453(21)00133-X/sbref0008
http://refhub.elsevier.com/S0163-4453(21)00133-X/sbref0008
http://refhub.elsevier.com/S0163-4453(21)00133-X/sbref0008
http://refhub.elsevier.com/S0163-4453(21)00133-X/sbref0008
http://refhub.elsevier.com/S0163-4453(21)00133-X/sbref0008
http://refhub.elsevier.com/S0163-4453(21)00133-X/sbref0008
http://refhub.elsevier.com/S0163-4453(21)00133-X/sbref0008
http://refhub.elsevier.com/S0163-4453(21)00133-X/sbref0008
http://refhub.elsevier.com/S0163-4453(21)00133-X/sbref0008
http://refhub.elsevier.com/S0163-4453(21)00133-X/sbref0008
http://refhub.elsevier.com/S0163-4453(21)00133-X/sbref0008


Letters to the Editor / Journal of Infection 82 (2021) 276–316 307 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

h

©

I

D

h

D

 

i  

t  

a  

t  

s  

m  

t  

t  

l  

i  

a

 

c  

n  

d  

a  

2  

l  

(  

z  

t  

K  

r  

e

 

v  

q  

F  

t  

i  

T  

i  

(  

T  

t  

m  

a

J  

a  

fi  

N

 

e  

s  

a  

m  

a  

f

 

2  

1  

f  

m  

D  

f  

i  

(  

t  

i

 

w  

g  

a  

(  

a  

b  

2  

t  

o  
ear Editor, 

In this Journal, Tang and colleagues recently commented on the

ntroduction of the South African SARS-CoV-2 variant 501Y.V2 into

he United Kingdom 

1 . Severe acute respiratory syndrome coron-

virus 2 (SARS-CoV-2) variants are not always related to increased
Tu T.N.H. , Geskus R.B. , Thanh T.T. , Thanh Truong N. , Binh N.T. , Thuong T.C. ,
Thwaites G. , Tan L.V. . The natural history and transmission potential of asymp-

tomatic SARS-CoV-2 infection. Clin Infect Dis 2020; 71 (10):2679–87 . 
9. https://cov-lineages.org/lineages/lineage_A.23.1.html. accessed on 6 March 2021. 

10. COVID-19, 2020, Genomics UK Consortium, https://www.cogconsortium.uk/. 
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iscovery of a SARS-CoV-2 variant from the P.1 lineage 

arboring K417T/E484K/N501Y mutations in Kofu, Japan 
hreat to human health because the virus acquires genomic diver-

ity during the course of its life cycle 2 . However, some of these

utations have been shown to be associated with attenuation of

he neutralizing activity of antibodies 3 . During the ongoing evolu-

ion of SARS-CoV-2, newly emerging lineages are likely to be circu-

ating in the human population and genomic surveillance will be

mportant for evaluating the emergence, spread, vaccine efficacy,

nd transmissibility of these lineages. 

Currently, an emergent D614G mutation in the spike gly-

oprotein of SARS-CoV-2 is prevalent globally 4 . More recently,

ew emerging lineages with spike protein mutations have been

iscovered in the United Kingdom (B.1.1.7 lineage, 20I/501Y.V1,

lso named VOC 202,012/01) 5 , South Africa (B.1.351 lineage,

0H/501Y.V2) 6 , and Brazil (P.1 lineage, 20 J/501Y.V3) 7 , 8 . All of these

ineages have a N501Y mutation in the receptor binding domain

RBD), which directly binds to the angiotensin converting en-

yme 2 (ACE2) receptor of the host cell, contributing to increased

ransmissibility. Both B.1.351 and P.1 lineages also have additional

417N/T and E484K mutations. K417N/T, E484K, and N501Y confer

educed neutralizing activity of convalescent and mRNA vaccine-

licited serum 

3 . 

To determine the genomic characteristics of the SARS-CoV-2

ariant identified in the Kofu, Japan, we started whole genome se-

uencing analysis using the Ion Torrent Genexus System (Thermo

isher Scientific) on January 8, 2021. By February 15, 2021, a to-

al of 136 samples from COVID-19-positive patients were obtained

n our hospital from which 70 were subjected to analysis 9 , 10 .

he sequence data were subjected to phylogenetic analysis us-

ng Nextclade, identifying five types of clades: 19A ( n = 1), 20A

 n = 3), 20B ( n = 59), 20C ( n = 6), and 20 J/501Y.V3 ( n = 1) ( Fig. 1 ).

he SARS-CoV-2 strain from the Diamond Princess cruise ship pa-

ient was classified into clade 19A ( Fig. 1 ), and four patients ad-

itted at the end of March 2020 were classified into 20A ( n = 3)

nd 20B ( n = 1). For the patients admitted from September 2020–

anuary 2021, 64 patients were classified into 20B clade ( n = 58)

nd 20C ( n = 6) ( Fig. 1 ). The newly confirmed patient was classi-

ed as 20 J/501Y.V3 (P.1 lineage) on February 10, 2021 (Accession

o. EPI_ISL_978917). 

This patient was a 46-year-old man who entered our hospital in

arly February 2021 with a fever at 38.9 °C and with a history of

taying in Brazil. RT-qPCR indicated a high viral load (7.1 log 10 /μL)

nd low cycle threshold (Ct) value of 15. The patient had displayed

ild symptoms upon returning to Japan 4 days earlier and was

dmitted to another hospital. However, he was declared negative

or SARS-CoV-2 during quarantine. 

Sequencing analysis revealed that the SARS-CoV-2 variant

0 J/501Y.V3 (P.1 lineage) had 37 mutations, including 22 missense,

0 synonymous, three intergenic, one frameshift, and one in-

rameshift mutation. In the spike protein, we observed 12 missense

utations (L18F, T20N, P26S, D138Y, R190S, K417T, E484K, N501Y,

614G, H655Y, T1027I and V1176F). These mutations matched per-

ectly with the mutations in the P.1 variant previously discovered

n Brazil 7 ( Fig. 2 A). In the RBD of the spike protein, three mutations

K417T, E484K and N501Y) were identified. These results indicated

hat we had identified a variant related to 20 J/501Y.V3 (P.1 lineage)

n Japan. 

To examine the global prevalence of 20 J/501Y.V3 (P.1 lineage),

e referred to sequence data deposited in GISAID ( https://www.

isaid.org/ ). By February 14, 2021, 121 sequence data were avail-

ble, 119 of which were derived from patients. Variant 20 J/501Y.V3

P.1 lineage) was first discovered in a sample collected from Man-

us, Amazonas, Brazil on December 4, 2020, and has subsequently

een identified from numerous other samples ( Fig 2 B). Almost all

0 J/501Y.V3 (P.1 lineage) samples sequenced have 33–40 muta-

ions compared with original strain reported from Wuhan, China;

ur identified strain has 37 mutations ( Fig. 2 C). Of the 119 patients

http://refhub.elsevier.com/S0163-4453(21)00133-X/sbref0008
http://refhub.elsevier.com/S0163-4453(21)00133-X/sbref0008
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20B (Japan, n=58)

20C (Japan, n=6)

20A (Africa, n=2; Japan, n=1)

19A (Diamond Princess, n=1)

20J/501Y.V3 (Brazil, n=1)

20B (Japan, n=1)

Our data

Reference

(A)

Feb 2020

Diamond 

Princess (n=1)

Mar 2020

Africa (n=2)

Japan (n=1)

Mar 2020

Japan (n=1)

Sep 2020-Jan 2021

Japan (n=58)

Feb 2021

Brazil (n=1)

Sep 2020-Jan 2021

Japan (n=6)

(B)

Fig. 1. Phylogenetic tree analysis of SARS-CoV-2. ( A ) Sequencing data were uploaded to Nextclade ( https://clades.nextstrain.org/ ) for phylogenetic analysis. The boxed 

regions show the sequencing data obtained in this analysis. ( B ) Evolution of SARS-CoV-2 clades over time. Schematic tree from Nextstrain showing clade evolution in Japan 

since February 2020. The arrows indicate the clades into which the 70 patients identified in our analysis were classified. 
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infected with this variant, 82 (68.9%) were identified in Brazil, five

(4.2%) in Japan, 20 (16.8%) in Europe, and three (2.5%) in the USA

(Supplemental Table 1), suggesting global prevalence. 

In summary, we have confirmed the emergence of five clades

over time. Consecutive analysis identified SARS-CoV-2 variant

20 J/501Y.V3 (P.1 lineage) in a patient and detected mutations that

are identical to those of the original P.1 variant discovered in

Brazil 7 . This is the first report of 20 J/501Y.V3 (P.1 lineage) in Kofu,

Japan. 
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69-70 del

145 del

N501Y
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Kingdom
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Fig. 2. SARS-CoV-2 spike protein mutation in emerging lineages and global distribution. ( A ) Mutations in the SARS-CoV-2 spike protein. (Left) Amino acid changes 

identified in the emerging strains reported in the United Kingdom, South Africa, and Brazil. (Right) Results of the current analysis: the patient who returned from Brazil 

on February 2021 had the same mutation as 20 J/501Y.V3 (P.1 lineage); the two patients who returned from Africa on March 2020 had only a D614G mutation in the spike 

protein. The mutations highlighted by boxes indicate those in the receptor binding domain. ND, not detected. (B) The number of 20 J/501Y.V3 (P.1 lineage) strains deposited 

in GISAID by February 14, 2021. The first case was identified on December 4, 2020 and our case on February 10, 2021. (C) A total of 119 sequencing data were analyzed on 

Nextclade. (Left) Radial phylogenetic tree showing the location of 20 J/501Y.V3 (P.1 lineage). (Right) Magnified view of boxed area showing the P.1 lineage. The total numbers 

of mutations denoted are with respect to the SARS-CoV-2 strain from Wuhan, China. 
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Dear Editor, 

In contrast to influenza A (H1N1), influenza B infections are dis-

counted given their limited host range, low rate of antigenic drift,

low incidence, and milder disease severity than influenza A. 1 How-

ever, influenza B infection appeared to be similar to influenza A in

clinical presentation, 2 and pediatric influenza B-associated mortal-

ity is greater than that of influenza A. 3 Additionally, oseltamivir

has been reported to be less effective at reducing the viral re-

sponse and duration of fever in outpatients with influenza B com-

pared to those with influenza A; 4 however, high-dose oseltamivir

might be more effective. 5 Despite these disparate reports, compre-

hensive studies comparing the characteristics and pathogenesis of

influenza infections caused by A and B viruses are still lacking,

particularly among severe cases who are admitted to the intensive

care unit (ICU). 

Neutrophils are an important component of the exaggerated

inflammatory response in influenza infection; 6 however, little is

known about neutrophil extracellular traps (NETs), which are ex-

pelled by the nuclear components of the cells. 7 We have recently

reported the pathogenic role of NETs, and plasma NETs might be
7. Faria NR., Claro I.M., Candido D., Moyses Franco LA., Andrade PS., Co-
letti TM., Silva CA.M., Sales FC., Manuli ER., Aguiar RS., et al. Genomic

characterisation of an emergent SARS-CoV-2 lineage in Manaus: pre-
liminary findings. Virological 2020(20–01–2021). https://virological.org/t/

genomic- characterisation- of- an- emergent- sars- cov- 2- lineage- in- manaus- 
preliminary-findings/586 . 

8. Naveca F, Nascimento V, Souza V, Corado A, Nascimento F, Silva G, Costa Á,
Duarte D, Pessoa K, Gonçalves L, et al. Phylogenetic relationship of SARS-

CoV-2 sequences from Amazonas with emerging Brazilian variants harboring

mutations E484K and N501Y in the Spike protein. https://virologicalorg/
t/phylogenetic-relationship-of-sars-cov-2-sequences-from-amazonas-with- 

emerging- brazilian- variants- harboring- mutations- e484k- and- n501y- in- the- 
spike-protein/585 2021. 

9. Hirotsu Y. , Maejima M. , Shibusawa M. , Nagakubo Y. , Hosaka K. , Amemiya K. ,
Sueki H. , Hayakawa M. , Mochizuki H. , Tsutsui T. , et al. Pooling RT-qPCR testing

for SARS-CoV-2 in 10 0 0 individuals of healthy and infection-suspected patients.

Sci. Rep. 2020; 10 (1):18899 . 
10. Hirotsu Y. , Maejima M. , Shibusawa M. , Amemiya K. , Nagakubo Y. , Hosaka K. ,

Sueki H. , Hayakawa M. , Mochizuki H. , Tsutsui T. , et al. Prospective study of
1,308 nasopharyngeal swabs from 1,033 patients using the LUMIPULSE SARS–

CoV-2 antigen test: comparison with RT-qPCR. Int. J. Infect. Dis. 2021 . 
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Comparison of the role of neutrophil extracellular traps 

between patients admitted to the intensive care unit with 

influenza A and B virus infection 
egarded as a sensitive biomarker for severe influenza A infection. 8 , 

 Therefore, it is reasonable to investigate the role of NETs in in-

uenza B and to determine whether there are differences in the

oles of NETs between influenza A and B viruses. 

We included 30 influenza A and 10 influenza B virus-related

CU admissions of China–Japan Friendship Hospital from 2017

hrough 2018. Informed consent was obtained from all patients,

nd our study was approved by the Ethics Committee of the

hina–Japan Friendship Hospital (No. 2,001,814). Table 1 was the

atients’ clinical characteristics. 

The levels of NETs and inflammatory mediators in blood and

ronchoalveolar lavage fluid (BALF) were quantified as described

n our previous study. 8 Comparisons of plasma NETs showed no

ignificant difference in these two groups ( Fig. 1 A). However, the

ETs burden of deaths in the influenza A group was higher than

hat in the influenza B group ( p = 0.0193) ( Fig. 1 A). Additionally,

he influenza A group with multiple organ dysfunction syndrome

MODS) was not significantly higher than the corresponding in-

uenza B patients ( Fig. 1 A). Intriguingly, the NET level was specif-

cally higher in the BALF of patients with influenza B compared to

hose with influenza A ( p = 0.0019) ( Fig. 1 B). Consistent differences

ere also found between the pulmonary NET levels of deaths in

he two groups ( p = 0.0050) ( Fig. 1 B). Furthermore, a higher level

f pulmonary NETs was observed in the influenza B patients with

ODS than in the influenza A cases ( p = 0.0280) ( Fig. 1 B). 

As for the inflammatory mediators, the concentrations of circu-

ating interleukin (IL) −7, IL-18, and interferon (IFN)- γ were higher

n the influenza A group than in the influenza B group ( Fig. 1 C).

n contrast to influenza A patients, pulmonary mediators, includ-

ng IFN- γ , IL-1 β , chemokine ligand (CCL) 3, CCL4, and fibroblast

rowth factor-2 were markedly elevated ( Fig. 1 C–D). However, lev-

ls of IL-2, monocyte chemotactic protein-1, interferon-inducible

rotein-10, stem cell factor, and vascular endothelial growth factor-

 in BALF were lower in the influenza B group than in the in-

uenza A group ( Fig. 1 D–E). 

In this study, we compared the roles of NETs between se-

ere influenza A and B patients. With indistinguishable plasma

ET levels compared with influenza A patients, the pulmonary

ET levels were significantly increased in influenza B patients.

his finding suggests that the enhanced pulmonary NETs have

athogenic roles in influenza B infection but not in influenza A

nfection. 

Although patients with influenza B have a relatively higher oxy-

en index, they are not distinguishable by clinical features from

atients with influenza A, which is consistent with the previous

tudies. 2 To date, several studies have provided evidence for the

ole of NETs as a sensitive biomarker for severe influenza A in-

ection. 9 Consequently, we further determined the levels of NETs

n the lung and plasma from patients with severe influenza B and

nfluenza A infection. The NET levels in BALF were increased in in-

uenza B patients, although the plasma NET burden was similar,

ighlighting that pulmonary NET production in influenza B might

nduce more severe lung damage than influenza A infection. In fact,

he generation of NETs systemically correlates with influenza A vi-

al pathogenesis. 8 Hence, the pulmonary, rather than the circulat-

ng NETs seem to be pathogenic in influenza B infection but not in

nfluenza A infection. 

Patients with influenza A infection demonstrated an intense im-

une response, as evidenced by increased circulating inflamma-

ory mediators. 10 In our findings, IL-7, IL-18, and IFN- γ in plasma

ndicated significant differences between the two groups, and fol-

owed the same trend as the plasma NET levels, suggesting a

lose correlation between the NET burden and the inflammatory

esponse in circulation. As for the neutrophil chemoattractants,

he circulating IL-18 was dramatically elevated in the influenza A

roup, indicating a pathogenic role of plasma NETs in patients with
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Fig. 1. NET levels and Inflammatory mediator profiles in plasma and BALF. (A) Plasma NET levels in influenza A and B groups. H1N1 severe, n = 30; Flu B severe, n = 10. 

H1N1 survival group, n = 13; Flu B survival group, n = 5. H1N1 death group, n = 17; Flu B death group, n = 5. H1N1 MODS group, n = 12; Flu B MODS group, n = 5. (B) Patients 

with influenza B had increased BALF levels of NETs when compared with patients with influenza A. Influenza A group, survived, n = 12; died, n = 14; MODS, n = 10; influenza 

B group, survived, n = 5, died, n = 5; MODS, n = 5. (C-E) Inflammatory mediator levels in plasma and BALF. Data are presented as means ± standard deviation (SD), or median 

(interquartile range, IQR). Comparisons were conducted using X 2 test, Student’s t -test, or Mann–Whitney U test. 

NET: Neutrophil extracellular trap, BALF: Bronchoalveolar lavage fluid, MODS: Multiple organ dysfunction syndrome, IL-7: Interleukin-7, IL-18: Interleukin-18, IFN- γ : 

Interferon- γ , IL-1 β: Interleukin-1 β , CCL3: Chemokine ligand 3, CCL4: Chemokine ligand 4, FGF-2: Fibroblast growth factor-2, IL-2: Interleukin-2, MCP-1: Monocyte chemo- 

tactic protein-1, IP-10: Interferon-inducible protein-10, SCF: Stem cell factor, VEGF-D: Vascular endothelial growth factor D. 



312 Letters to the Editor / Journal of Infection 82 (2021) 276–316 

Table 1 

Summary of the patients’ clinical characteristics. 

Variables Influenza A ( n = 30) Influenza B ( n = 10) p value 

Age (year), mean ± SD 52.37 ± 15.31 51.30 ± 20.19 0.861 

Male sex, n (%) 17 (56.7) 3 (30) 0.144 

Health condition 

Respiratory disease, n (%) 2 (6.7) 1 (10) 1.0 0 0 

Cardiovascular, n (%) 11 (36.7) 3 (30) 1.0 0 0 

Diabetes, n (%) 14 (46.7) 4 (40) 1.0 0 0 

Obesity (BMI > 28), n (%) 5 (16.7) 0 0.408 

Laboratory parameters 

White blood cells (10 9 /L) 10.23 (4.26, 13.36) 14.28 (8.15, 23.73) 0.102 

Neutrophil count (10 9 /L) 8.52 (3.53, 11.93) 12.84 (6.72, 22.77) 0.117 

Lymphocyte counts (10 9 /L) 0.64 (0.43, 1.11) 0.70 (0.48, 0.90) 0.9632 

Positive culture of pathogenic microorganism, n (%) 
a Bacteria, n (%) 19 (63.3) 1 (10) 0.003 
b Fungi, n (%) 6 (20) 1 (10) 0.810 

Bacteria and fungi, n (%) 5 (16.7) 6 (60) 0.025 

Medicine, n (%) 

Antiviral treatment 30 (100) 10 (100) –

Antibiotics treatment 30 (100) 10 (100) –

Glucocorticoid treatment 5 (16.7) 3 (30) 0.648 

Disease severity 

Mechanical Ventilation, n (%) 22 (73.3) 9 (90) 0.512 

ECMO, n (%) 14 (46.7) 2 (20) 0.264 

MODS, n (%) 12 (40) 5 (50) 0.853 

Oxygen index (mmHg), median (IQR) 122 (80.5, 198.5) 196 (144.25, 251.75) 0.0178 

SOFA score, median (IQR) 6 (3.75, 8.75) 7 (3.75, 10) 0.7988 

APACHE II score, median (IQR) 14.5 (11, 19.25) 21 (14, 24.25) 0.1369 

Outcomes 

ICU duration days, median (IQR) 13.5 (9, 29.5) 14.5 (6.5, 30.5) 1.0 0 0 

Death, n (%) 17 (56.7) 5 (50) 1.0 0 0 

Fever date prior to diagnosis, mean ± SD 8.8 ± 3.21 9.9 ± 6.05 0.593 

Fever date prior to ICU admission, (days, mean ± SD) 8.3 ± 2.72 12.2 ± 8.97 0.207 

Data are presented as the mean ± standard deviation (SD) or median (interquartile range [IQR]). Comparisons were 

performed using X 2 test, Student’s t -test, or Mann–Whitney U test. 
a Bacteria include Acinetobacter baumannii, Pseudomonas aeruginosa, Klebsiella pneumoniae, Corynebacterium 

striatum, methicillin-sensitive Staphylococcus aureus, Stenotrophomonas maltophilia, Burkholderia cepacia, and Ral- 

stonia mannitolilytica. 
b Fungi include Candida albicans and Aspergillus.BMI: Body mass index, ICU: Intensive care unit, ECMO: Extracor- 

poreal membrane oxygenation, MODS: Multiple organ dysfunction syndrome, SOFA: Sequential organ failure assess- 

ment, APACHE: Acute physiology and chronic health evaluation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A

 

a  

a  

y  

a  

t  

c  

m

F

 

d  

s  

v  

r  

s

R

 

 

 

 

 

severe influenza A. However, with a significantly increased BALF

NET burden in influenza B patients, the IL-18 level was not ele-

vated in the influenza B group, suggesting that other neutrophil

chemoattractants in the lung might be potential NET-related me-

diators associated with influenza B infection. Moreover, the in-

flammatory mediator levels in BALF showed a similar trend with

pulmonary NETs, suggesting a correlation between the pulmonary

NETs and the robustness of the local pulmonary inflammation. Col-

lectively, the pathogenic role of NETs in BALF is likely attributable

to their roles as inducers of inflammation, which ultimately leads

to lung damage following influenza B infection. 

Limitations of our study include the small sample size, the

single-center experience, and failure identification of the lineage

of influenza B, which might have distinct pathogenicity. 

In conclusion, in contrast to influenza A, in which circulating

NETs are predictors of poor outcomes, influenza B infection could

induce an enhanced production of pulmonary NETs, which may

play a pathogenic role. Thus, targeting pulmonary NETs might be

an innovative therapeutic approach for influenza B infection. 
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ear Editor, 

In a recent paper, Majra et al. underlined the major role of su-

erspreading events (SSEs) in SARS-Cov-2 transmission. 1 Hetero-

eneity in transmission, clustering, characterized by a small num-

er of persons (superspreaders) responsible for the majority of the

vents, is a common feature of outbreaks, in particular at the early

nd late stages. 

During the 2013–2016 Ebola outbreak in Guinea we quantified

he exposures of contact persons to Ebola virus disease (EVD) pa-

ients and explored the consequences of the contacts pattern in

erms of contact tracing and modeling. 2 After consent, a question-

aire detailing every exposure to EVD cases, including funerals,

as passed and the number of exposures per contact person was

ummed. A high-risk exposure was defined as a close contact with

 symptomatic EVD case or contact with body fluids or participat-

ng in a burial ritual. 

Between May 2016 and September 2017, 1721 participants

ere enrolled in four locations (Conakry, Forécariah, Macenta,

’Zérékoré) (51.4% males, age range = [7–88 years], median age 21

ears IQR [16–32]). They had made a total of 3074 contacts (ex-

osures) with EVD cases (range = 1 to 17 exposures per person;

edian = 1; [IQR 1–2]). Overall, the frequency distribution of the

umulative number of exposures showed an overdispersed, aggre-

ated, distribution: 84.3% of the participants ( n = 1451/1721) made

t most two exposures to an EVD case. They were only 1.2% to

eport ten exposures or more. Aggregation was less pronounced

n rural than in urban setting: the proportion of participants re-

orting less than three contacts was respectively 94.1% (and con-

ersely 5.9% reporting three or more contacts) and 78.6% (21.4%)

 p < 10 −3 ). 

Only 15.7% of the participants, at risk of being infected, con-

entrated three or more exposures with a large difference between

he urban and rural settings (21.4% vs 5.9%). This clustering was

lso observed in terms of high-risk exposures with 86.2% of the

articipants reporting at most two high-risk exposures with again

 marked difference between rural and urban settings (94.1% vs

1.6%, p < 10 −3 ). We fitted a negative binomial regression model

sing GAMLSS R-package with a zero-truncated distribution, peo-

le without contact being not included, by design. 3 

The median number of exposures by person surveyed did not

iffer by rural or urban setting while the variance of the distribu-

ion was 26 times larger in urban setting than in rural one ( Table 1

nd Fig. 1 ). This regression confirms the observed high degree of

verdispersion of the contacts in an urban setting. 

The aggregated distribution of the cumulative number of expo-

ures means that a small number of the participants made many

xposures and that the majority of the contact persons were ex-

osed only once or twice. The median number of contacts did not

iffer but the associated variance was dramatically larger in urban

etting. These trends are obviously driven by the population den-

ity and social closeness in large cities. 

Although our study concerns contact persons who did not de-

elop the disease after exposition, and may not be representative

f the whole exposed population to Ebola virus, this clustering in

xposure has implications for backwards contact tracing by target-

ng the surveillance toward the core of contact persons who made

he greatest number of exposures. Indeed, another report on con-

acts from Kindia and Forecariah in Guinea suggested to stratify

ontacts-persons to focus on those most at risk. 4 Risk level assess-

ent should include not only the closeness of exposures but also

heir number. 
eterogeneity of contact patterns with Ebola virus disease 

ases 
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Table 1 

Parameters of the fitted distributions of the number of exposures per contact person to 

Ebola virus disease cases by rural or urban setting, Guinea, 2014–2016. 

Setting Mean nb of exposures (95% CI) SD p -value ∗(SD) 

Rural (Macenta-N’zérékoré) 1.266 (1.220 - 1.313) 1.319 0.0 0 045 

Urban (Conakry-Forécariah) 2.094 (1.958 - 2.230) 6.880 10 −4 

∗ significantly rejecting homogeneous mixing. 

Fig. 1. Observed values (square) and fitted distribution (line) of the number of ex- 

posures per contact person to Ebola virus disease cases by rural or urban setting, 

Guinea, 2014–2016. 
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While these contact patterns do not concern the infected popu-

lation, the EVD source cases potentially transmitting the infection,

it provides an additional evidence of the heterogeneity in contact

rate, with a high degree of clustering following a power-law, close

to the 80/20 of the Pareto principle, frequently observed in life sci-

ences, human behavior and infectious diseases. 5 

The main limitation of our study relies on the retrospective

and declarative nature of the data and the likely recall bias. Re-

calling the number of exposures was however robust in our study

since the network of contact persons was initially identified by the

survivors regularly followed by our research staff. In addition, we

showed in a previous study that the seropositivity against Ebola

virus among participants was correlated with the declaration of

high-risk contacts. 2 

Taking into account sources of heterogeneity in models of trans-

mission, beyond basic compartmental models assuming homoge-

neous mixing of the population, in which everyone shares the

same epidemiological profile, and no stochastic effects, could sub-

stantially affect the modeling of the transmission dynamics and

the elimination threshold to achieve herd immunity. 6 Living set-

tings as well as age-dependent incidence, infectiousness, genetic

features, human behaviors, occupation or spatial patterns are all

a source of heterogeneity. 7 Our findings argue to account at least

for urban/rural heterogeneity and an unobserved heterogeneity,

representing other sources of individual variability, in modeling

transmission. Host heterogeneity is best incorporated in network-

based models but SIR compartmental models as well could ac-

count for heterogeneity. 8 Surveys informing matrix of social con-

tacts, “who might infect who”, are still largely lacking, including in
ub-Saharan Africa, limiting our ability to account for the hetero-

eneity in modeling transmission. However, mobile phone identi-

cation and social networks activities provide means to approach

ontact behavior. 9 

In the case of the current SARS-CoV-2 pandemic, screening and

ommunication strategies targeting potential superspreaders, such

s connected people whose occupation implies a high frequency

f contact, and SSEs, could be a cost-effective strategy when Re

s close to 1, decreasing, at the late stage of an outbreak. In sub-

aharan Africa where the indirect effects of general restrictions on

he fragile economies, health system, immunization coverage, ac-

ess to foods, are at the forefront, this targeted strategies could

ave more lives than a blanket strategy. 10 

cknowledgments 

We are grateful to the participants who agreed to respond to

he survey and we thank the members of the Contactebogui study

roup for their contribution. 

This study was funded by the Ebola French Task Force,

he “Institut National de la Santé et de la Recherche Médi-

ale/REACTing”, the “Institut de Recherche pour le Développe-

ent“, and « MUSE/Université de Montpellier, France (ANR_16-

DEX-0 0 06)”. 

eferences 

1. Majra D., Benson J., Pitts J., Stebbing J.. SARS-CoV-2 (COVID-19) superspreader

events. J Infect 2021; 82 (1):36–40. Available from https://doi.org/10.1098/j.jinf.
2020.11.021 . 

2. Diallo M.S.K., Rabilloud M., Ayouba A., Touré A., Thaurignac G., Keita A.K., et al.
Prevalence of infection among asymptomatic and paucisymptomatic contact

persons exposed to Ebola virus in Guinea: a retrospective, cross-sectional ob-
servational study. Lancet Infect Dis 2019; 19 (3):308–16. Available from https:

//linkinghub.elsevier.com/retrieve/pii/S1473309918306492 . 

3. Stasinopoulos D.M. , Rigby R.A. . Generalized additive models for location scale
and shape (GAMLSS) in R. J Stat Softw 2007; 23 (7):1–46 . 

4. Dixon MG, Taylor MM, Dee J, Hakim A, Cantey P, Lim T, et al. Contact tracing ac-
tivities during the Ebola virus disease epidemic in Kindia and Faranah, Guinea,

2014. Emerg Infect Dis 2015;21(11):2022–8. Available from http://wwwnc.cdc.
gov/eid/article/21/11/15-0684 _ article.htm . 

5. Woolhouse M.E.J. , Dye C. , Etard J.-.F. , Smith T. , Charlwood J.D. , Garnett G.P. ,

et al. Heterogeneities in the transmission of infectious agents: implications for
the design of control programs. Proc Natl Acad Sci USA 1997; 94 :338–42 . 

6. Chowell G. , Nishiura H. . Characterizing the transmission dynamics and control
of ebola virus disease. PLOS Biol 2015; 13 (1):e1002057 . 

7. Anderson R.M. , May. R. . Infectious diseases of humans: dynamics and control . Ox-
ford University Press; 1991 . 

8. Bansal S., Grenfell B.T., Meyers L.A.. When individ-

ual behaviour matters: homogeneous and network mod-
els in epidemiology. J R Soc Interface 2007; 4 (16):879–91 .

Available from https://royalsocietypublishing.org/doi/10.1098/rsif.2007.1100 . 
9. Heesterbeek H., Anderson R.M., Andreasen V., Bansal S., De Angelis D., Dye C.,

et al. Modeling infectious disease dynamics in the complex landscape of global
health. Science 2015; 347 (6227). aaa4339–aaa4339. Available from https://www.

sciencemag.org/lookup/doi/10.1126/science.aaa4339 . 

10. Hogan A.B., Jewell B.L., Sherrard-Smith E., Vesga J.F., Watson O.J., Whit-
taker C., et al. Potential impact of the COVID-19 pandemic on HIV, tubercu-

losis, and malaria in low-income and middle-income countries: a modelling
study. Lancet Glob Heal 2020; 8 (9):e1132–41 . Available from https://doi.org/10.

1016/S2214-109X(20)30288-6 . 

Jean-François Etard 

∗

Université de Montpellier, IRD, INSERM, Montpellier, France.

https://doi.org/10.1098/j.jinf.2020.11.021
https://linkinghub.elsevier.com/retrieve/pii/S1473309918306492
http://refhub.elsevier.com/S0163-4453(21)00126-2/sbref0003
http://refhub.elsevier.com/S0163-4453(21)00126-2/sbref0003
http://refhub.elsevier.com/S0163-4453(21)00126-2/sbref0003
http://wwwnc.cdc.gov/eid/article/21/11/15-0684_article.htm
http://refhub.elsevier.com/S0163-4453(21)00126-2/sbref0005
http://refhub.elsevier.com/S0163-4453(21)00126-2/sbref0005
http://refhub.elsevier.com/S0163-4453(21)00126-2/sbref0005
http://refhub.elsevier.com/S0163-4453(21)00126-2/sbref0005
http://refhub.elsevier.com/S0163-4453(21)00126-2/sbref0005
http://refhub.elsevier.com/S0163-4453(21)00126-2/sbref0005
http://refhub.elsevier.com/S0163-4453(21)00126-2/sbref0005
http://refhub.elsevier.com/S0163-4453(21)00126-2/sbref0005
http://refhub.elsevier.com/S0163-4453(21)00126-2/sbref0006
http://refhub.elsevier.com/S0163-4453(21)00126-2/sbref0006
http://refhub.elsevier.com/S0163-4453(21)00126-2/sbref0006
http://refhub.elsevier.com/S0163-4453(21)00126-2/sbref0007
http://refhub.elsevier.com/S0163-4453(21)00126-2/sbref0007
http://refhub.elsevier.com/S0163-4453(21)00126-2/sbref0007
https://royalsocietypublishing.org/doi/10.1098/rsif.2007.1100
https://www.sciencemag.org/lookup/doi/10.1126/science.aaa4339
https://doi.org/10.1016/S2214-109X(20)30288-6


Letters to the Editor / Journal of Infection 82 (2021) 276–316 315 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

h

©

L

I

b

D

 

c  

v  

n  

s  

m  

U  

n  

n  

o  

a

 

n  

a  

v  

f  

s  

r  

n  

n  

n  

t  

a  

c  

v  

w  

a  

g  

P

 

l  

w  

r  

a  

B  

c  

n  

1  

d  

e  

s  

t  

C  

s

 

e  

c  

(  

C  

e  

t  

p  

3  

4  

2  

p  

s  

n  

a  

c  

s  

p  

o  

m  

a  

p  

o  

j  

v  

n

 

c

2  

m  

f  

c  

t  

f  
ear Editor, 

A recent paper in this journal by Rose et al. described the in-

reasing hospitalizations due to infectious intestinal disease among

ulnerable population groups in the UK, including those from eth-

ic minorities or unemployed. 1 Pregnancy related listeriosis is a

evere illness for the unborn and newly delivered infant. Ethnic

inorities may have higher incidence as in New Zealand and the

SA. 2 , 3 In England, guidance on food consumption during preg-

ancy to avoid listeriosis is available through universal mater-

ity care and NHS website. 4 The majority of cases of listeriosis

ccur amongst non-pregnant individuals. 5 Risk food consumption

mongst pregnant women has not been recently investigated. 6 

We characterized listeriosis among pregnant women from the

ational Listeria surveillance database in England between 2005
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ncreased incidence of listeriosis among pregnant women 

elonging to ethnic minorities in England 
a  
nd 2020 based on sampling dates. Population birth and depri-

ation (Index of Multiple Deprivation) postcode data was derived

rom Office for National Statistics, ONS. 7 A case of pregnancy as-

ociated listeriosis was defined microbiologically confirmed Liste-

ia monocytogenes infection in a mother or her undelivered or

ewly delivered infant. Responses were classified into two non-

ationality based ethnicity categories as British versus “ethnic mi-

ority” (other white or any other ethnicities). Of British popula-

ion, 78.7% are white British, 6.2% other white, 8.0% Asian, 3.5%

ny Black, 3.7% others. The standard proportions of exposures were

alculated with odds ratios and adjusted for deprivation (Stata,

15/16). All culture confirmed L. monocytogenes were tested by

hole genome sequence analysis since December 2015 to 2020,

nd a subset of 49 retrospectively for 2008–2015. 8 L. monocyto-

enes clonal complexes (CC) were designated as of the Institute

asteur International MLST database for L. monocytogenes. 9 

Of all 382 pregnancy related listeriosis cases reported in Eng-

and between 2005 and 2020, 62.3% (236/379) were associated

ith mothers from ethnic minorities. The median number of cases

eported annually was 24.5 (range 16–33), with a relative increase

mongst mothers from ethnic minorities (p-value < 0.0 0 01), Fig. 1 .

etween March 2020 and January 2021, we observed 3 Covid-19

o-infections among listeriosis cases within 5 days of diagnosis,

one were pregnant women. Travel outside UK was reported by

3.4% (40/298) of the cases with a median travel duration of 8.5

ays. Of those 40 cases with travel outside UK; 80% (32/40) trav-

lled to Europe, median travel duration was 8.5 days. Clinical pre-

entation was typical for listeriosis, Supplementary table. Presen-

ation of the three most common clonal complexes (CC1, CC2, and

C6) of L. monocytogenes did not differ, however, numbers were

mall. 

Food exposures with significantly lower odds of illness among

thnic minorities versus British cases between 2005 and 2020

omprised: pork meat (OR 0.34, p -value < 0.0 0 01), poultry meat

OR 0.43, p -value 0.0012), sandwiches (OR 0.34, p -value 0.0 0 01).

onsuming foods in catering establishments (restaurants, cafes

tc.) had somewhat lower odds for cases of for ethnic minori-

ies (OR 0.48, p -value < 0.060). Powdered or other unspecified milk

roducts (e.g. almond/coconut milk, evaporation milk etc.) (OR

.33, p -value 0.0045), dill (OR 10.01, p -value < 0.0 0 01), radish (OR

.42, p -value 0.0010), carrots (OR 2.40, p -value 0.0017), parsley (OR

.40, p -value 0.017), and consuming Kosher/Halal foods (OR 11.86,

 -value < 0.0 0 01) had higher odds between ethnic minorities ver-

us British cases (Supplementary table). Mothers from ethnic mi-

orities reported eating equally vegetables (OR 1.31, p -value 0.51),

nd salads (OR 0.86, p -value 0.70) than British. Ethnic minority

ases stored loose meat (mean 1.57 days) longer than British cases

ince purchase (mean 1.30 days, t -test p -value = 0.093). Ethnic su-

ermarkets selling non-British foods (OR 14.32, p -value < 0.0 0 01),

r shopping at Supermarket K (OR 4.29, p -value < 0.0 0 01) were

ore common amongst the cases of ethnic minorities. Multivari-

te model indicated dill (OR 6.95, p -value 0.0 0 06), carrots (OR 1.91,

 -value 0.034), radish (OR 2.55, p -value 0.0 6 6), and powdered or

ther unspecified milk (OR 3.28, p -value 0.013) in addition to ad-

ustment factor of index of multiple deprivation (OR 0.999918, p -

alue < 0.0 0 01) as most significantly different between ethnic mi-

ority mothers versus British. 

Pregnancy associated listeriosis has been reported as more

ommon amongst ethnic groups in England and Wales, 2001–

008 10 and this study reports an increasing trend among ethnic

inorities in England. The current surveillance is directed towards

oods previously associated with listeriosis and mainstream foods

onsumed by British populations. We aim to restructure the ques-

ionnaire to include both increasing vegetarian and ethnic foods,

ood preparation practices at home, and collect additionally loy-

lty card information. Herbs, and other fresh produce may be min-

mailto:jean-francois.etard@ird.fr
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Fig. 1. Newborn population fractions in the UK and pregnancy associated listeriosis among ethnic minority and British cases in England for 2005–2012 and 2013–2020. 
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imally cooked and the association with listeriosis is being increas-

ingly recognised 

10 . 

In summary, the current dietary advice from the NHS for the

UK pregnant woman 

3 recommends avoiding eating unpasteurised

dairy products including milk, soft cheeses (brie, camembert),

chilled ready-to-eat foods like prepacked sandwiches and pâté. Tar-

geted health education including safe food preparation practises at

home among ethnic minority mothers is urgently needed not typ-

ically eating currently highlighted listeria risk foods. 
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