
 

 

Since January 2020 Elsevier has created a COVID-19 resource centre with 

free information in English and Mandarin on the novel coronavirus COVID-

19. The COVID-19 resource centre is hosted on Elsevier Connect, the 

company's public news and information website. 

 

Elsevier hereby grants permission to make all its COVID-19-related 

research that is available on the COVID-19 resource centre - including this 

research content - immediately available in PubMed Central and other 

publicly funded repositories, such as the WHO COVID database with rights 

for unrestricted research re-use and analyses in any form or by any means 

with acknowledgement of the original source. These permissions are 

granted for free by Elsevier for as long as the COVID-19 resource centre 

remains active. 

 



Journal of Infection 81 (2020) 979–997 

Contents lists available at ScienceDirect 

Journal of Infection 

journal homepage: www.elsevier.com/locate/jinf 

Letters to the Editor 

The dilemma of COVID-19 recurrence after clinical 

recovery 
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Table 1 

Main demographic and clinical characteristics of a cohort of 125 subjects with re- 

current COVID-19 infection. 

Female, n (%) 64 (51.2) 

Age, years old (mean, 95% CI) 65.7 (26-95) 

Hospitalized for interstitial pneumonia, n (%) 103 (82.4) 

Time to first clinical recovery, days (mean, 95% CI) 27.7 (11-51) 

Time to recurrence, days (mean, 95% CI) 19.9 (3-43) 

Time to second clinical recovery, (n = 102), days (mean, 95% CI) 14.8 (6-36) 
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ear Editor, 

We read with interested the recent article published by Batisse

t al. ( 1 ) regarding the possible recurrences of COVID-19 symptoms

fter recovery and their discussion on the possible hypothesis of

eactivation or reinfection. 

In this specific context, the duration of immunization after clin-

cal recovery is still unknown and this could be of particular con-

ern regarding the management and spread of infection. According

o the WHO’s guidelines on clinical management, a patient can be

ischarged from hospital after two consecutive negative real-time

everse-transcriptase polymerase-chain-reaction (RT-PCR) tests 

t nasopharyngeal swabs at least 24 hours apart in a clinically

ecovered patient ( https://ecdc.europa.eu/en/publications-data/ 

ovid- 19- guidance- discharge- and- ending- isolation ). Nevertheless,

ome recent reports described patients with recurrent RT-PCR

ested positive again after clinical recovery ( 2-5 ), but these reports

sually included a small number of patients followed-up for a

imited period of time ( 6-7 ). 

We collected clinical data of COVID-19 positive patients who

ad cured and discharged from two hospitals of ASST Rhodense, in

ilan Province, Northern Italy, from March 9 th to June 30 th 2020.

e considered patients with a positive RT-PCR test for COVID-19

n nasopharyngeal swab who were subsequently discharged when

ymptoms disappeared and two negative nasopharyngeal swabs re-

eated after 24-48 hours from each other were obtained. After dis-

harging, patients were followed-up in designated medical wards

r in a designated nursing home, where nasopharyngeal swabs

ere periodically collected (usually every week or anytime the pa-

ients developed clinical symptoms). We included in the analysis

ll the patients with a recurrence of COVID-19 infection, defined

s a new positive nasopharyngeal swab after two negative tests. 

A total of 1146 patients were hospitalized and then discharged

or COVID-19 in our hospitals during the time-frame considered.

mong these, 125 (10.9%) had a recurrence of COVID-19 infection.

able 1 summarized the clinical and demographic characteristics

f this population; mean age was 65,7 years (95% CI 26-95) and

ost of patients were primarily hospitalized for interstitial pneu-

onia (n = 103, 82.4%). The mean time to clinical recovery and two

egative nasopharyngeal swabs was 27.7 days (95% CI 11-51); af-

er that, the mean time to recurrence was 19.9 days (95% CI 3-43).

ecurrence of COVID-19 infection was mainly diagnosed by chance

uring follow-up surveillance (n = 96, 76.8%), whereas 29 patients

23.2%) developed clinical symptoms (fever in 16, malaise/fatigue

n 9 and respiratory failure in 4 patients). After a mean time of

4.8 days (95% CI 6-36), 102 subjects (81.6%) had two additional

egative nasopharyngeal swabs and were considered clinically re-

overed for the second time. During follow-up, 11 patients (8.8%)
ttps://doi.org/10.1016/j.jinf.2020.08.019 

163-4453/© 2020 The British Infection Association. Published by Elsevier Ltd. All rights r
ied and 12 (9.6%) were still positive when database was closed.

atients who died were older than others (mean age 86.4 years,

5% CI 77-92) and 8 of them (72.7%) had clinical symptoms at the

ime of recurrence (4 fever and 4 respiratory failure). The mean

ime from recurrence of COVID-19 infection to death was 8 days

95% CI 5-11). 

Currently, there is a certain possibility of RT-PCR rendering false

egative results due to sampling procedures, sources of samples

nd the sensitivity/specificity of the nucleic acid test kit ( 8 ). At

he moment, it is impossible to discriminate if the positive na-

opharyngeal swab results are due to real recurrence of COVID-

9 infection or intermittent shedding of RNA fragments, especially

n asymptomatic subjects. It is therefore possible that recurrences

hould be persistent infections in which nasopharyngeal swab re-

ulted falsely negative at discharge. Alternatively, it cannot be ex-

luded that truly negative discharged patients suffered reactivation

r were re-infected with another COVID-19 strain, especially in el-

erly or in subjects with comorbidities ( 5 ). In our cohort, a cer-

ain amount of patients (23.2%) with RT-PCR recurrences developed

ew clinical symptoms, considering this interpretation plausible. To

ur knowledge, no studies have been conducted to investigate the

ontagiousness of patients with recurrence of viral RNA shedding.

f these patients were contagious, they could represent a potential

ource of infections for the community. 

At our knowledge, this is the largest cohort of subjects with

ecurrent COVID-19 infection. Our data confirmed that more than

0% of patients clinically recovered from COVID-19 infection had

e-positive RT-PCR at nasopharyngeal swab during post-discharge

ollow-up ( 6-7 ); most of these subjects were asymptomatic at the

ime of recurrence. 

In conclusion, our data confirm that recurrence of COVID-19 in-

ection is a fairly frequent phenomenon. Little is known on how to

anage these patients and how this will impact the evolution of

he pandemic in the future. 
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ear Editor, 

In early 2020 a new beta-corona virus (SARS-CoV-2) spread all

ver the world, and with a high incidence in Europe, especially

n Italy [1 , 2] . SARS-CoV-2 infection may lead to a wide range of

linical presentations, from an asymptomatic form to a severe

cute respiratory syndrome [3] . The symptoms more frequently

bserved were fever, chills, myalgia or fatigue, followed by a dry

ough and dyspnea 3-7 days later. The age and the presence

f chronic comorbidities (hypertension, cardiovascular disease,

iabetes, chronic lung, kidney or cerebrovascular disease or ma-

ignancy) have been considered as the major risk factors for acute

espiratory distress syndrome (ARDS) and the need for intensive

are in COVID-19 patients [4] . ARDS is an immunopathologic

vent with hyper-activity of the systemic inflammatory response

hat induces cytokine storm, that increase pro-inflammatory cy-

okines like interferons, interleukins (IL), tumor necrosis factor

nd chemokines, suggesting the use of anti-inflammatory agents

or SARS-CoV-2 pulmonary symptoms [5] . Few data are available

n SARS-CoV-2 infection in rheumatological patients chronically

reated with immunosuppressive therapy. 

We present a clinical case of an 82-year-old Caucasian woman

ith a history of rheumatoid arthritis (RA) and idiopathic arterial

ypertension hospitalized for SARS-CoV-2 pneumonia. The diagno-

is of RA was performed in 2007 for the appearance of rheumatoid

actor and anti-citrullinated protein antibody-positive symmetri-

al polyarthritis, without signs of pulmonary or systemic disease.

he had been under methotrexate, 10 mg/weekly (cumulative dose

080 mg) and methylprednisolone (4 mg/day) treatment for two

ears, with a low disease activity status (DAS 28 PCR 2.9). 

A week before admission, the patient had low grade fever

37.5 °C) and a dry cough; she had stopped methylprednisolone

nd had started antibiotic treatment, without improvement; on 27

arch, she underwent nasopharyngeal SARS-CoV-2 swab, which

esulted positive, and was hospitalized on 30 March. Despite the

bsence of any pulmonary symptoms, a lung CT scan showed in-

erstitial bilateral pneumonia ( Fig. 1 ), and a thoracic ultrasound

ith lung ultrasound reaeration score (LUS) of four. Hydroxy-

loroquine, lopinavir/ritonavir, and low molecular weight hep-

rin (LMWH, 40 0 0 UI/die) were started. Two days later, although

febrile, she presented dyspnea (respiratory rate-RR 32) with SpO2

f 93% in FiO2 21% and PaO2 / FiO2 309 mmHg and Oxygen ther-

py was started. High values of D-dimer and C-reaction protein

ere observed, a CT angiography excluded embolism, but showed

 worsening of pneumonia ( Fig. 1 ), and the LUS score was 10.

ecause of the persistence of signs of cytokine storm, without

orsening in respiratory function, tocilizumab was administered

 Fig. 2 ). The next day she worsened (PaO2 / FiO2 137.8 mmHg),

o another dose of tocilizumab was administered, and methylpred-

isolone was started. A gradual clinical and biochemical improve-

ent was observed ( Fig. 2 ). On 12 and 14 April, nasopharyngeal-

ropharyngeal swabs resulted negative. On 16 and 22 April, a LUS

core of eight and two was observed, respectively, and the patient

as discharged in good general condition. 

Our clinical case teaches to pay particular attention in the man-

gement of COVID-19 infection in the rheumatological field: in

he absence of fever during the entire hospitalization period and

linical signs of pulmonary failure, the patient developed severe

neumonia. In most of case, the COVID-19 is asymptomatic or

ligosymptomatic; while in a low percentage of case the fever per-

ist up to 14 days from the onset of symptoms with clinical and
hronic conventional disease-modifying anti-rheumatic 

rugs masking severe SARS-CoV-2 manifestations in an 

lderly rheumatic patient 
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Fig. 1. Axial non-contrast CT scans of the upper chest in the lung in an 82-year-old woman with COVID-19 pneumonia. 

A: Single sub-pleural thin band-like consolidation in the right upper lobe associated with ground-glass opacities (GGO). A small GGO is also seen in the left upper lobe, 7 

days after the onset of symptoms. 

B: Scan showed an increased extension of GGO in the right upper lobe associated with septal thickening (crazy paving) and posterior consolidations. Two smaller GGO are 

also visible in the left upper lobe, 10 days after the onset of symptoms. 

C: Axial non-contrast CT image obtained below the carina showed bilateral multifocal GGO in both lower lobes with prevalence of the peripheral regions, 7 days after the 

onset of symptoms. 

D: Scan showed a mixed pattern with parenchymal consolidations and parenchymal bands in both lower lobes with sub-pleural and posterior distribution. The perilobular 

bands of consolidation associated with thickening of the interlobular septa suggested the presence of organizing pneumonia, 10 days after the onset of symptoms. 
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adiological evidence of pneumonia from the day 7 and 14 and

ometimes with a pulmonary failure. In the present case, in the

bsence of fever during the entire hospitalization and clinical signs

f pulmonary failure, the patient developed a severe pneumonia.

hus, a close and continuous monitoring of PaO2 / FiO2, of bio-

hemical signs of cytokine storm (D-dimer and CRP) and of imag-

ng signs of pneumonia are needed to identify the initial signs of

he respiratory failure. 

We can hypothesize that by controlling the excessive activation

f the immune system, chronic cDMARD treatment may mask the

linical presentation of COVID-19 with a silent development of se-

ere acute pneumonia. In fact, although the immunological mech-

nism behind the risk of greater severity of COVID-19 infection is

nknown, the coronavirus infection (SARS and MERS) may induce a

ytokines storm especially in patients who developed fatal compli-

ations. Moreover, the pathological findings associated with acute

espiratory distress syndrome in COVID-19 showed abundant inter-

titial mononuclear inflammatory infiltrate in the lungs, dominated

y lymphocytes, once again implying that the immune hyperacti-

ation mechanisms are at least partially accountable for COVID-19

everity [7-9] . 

Thus, close and continuous clinical, biochemical and imaging

onitoring are needed to identify the initial signs of respiratory

ailure. 

Our case shows a different course from that described by Mi-

an et al. [6] , who reported a peculiar SARS-CoV-2 with mild symp-
oms in a 57-year-old woman with systemic sclerosis (SSc) with

nterstitial lung disease as main organ manifestation of SSc and

hronically treated with tocilizumab (8 mg/kg body weight ev-

ry 4 weeks iv). A month after the last infusion of tocilizumab,

he patient developed a SARS-Cov-2 infection. However, her symp-

oms remained mild and she was monitored from home, result-

ng negative at the nasal swab after 14 days since symptoms had

tarted [6] . The authors hypothesized that IL-6 blocking treat-

ent given for chronic autoimmune diseases, such as rheumatoid

isease, may even prevent the development of severe COVID-19.

6] . 

In our case, although the patient had negative prognostic fac-

ors (older age, chronic disease and arterial hypertension), the use

f tocilizumab and corticosteroid was associated with the control

f severe pneumonia, supporting the role of tocilizumab in con-

rolling severe SARS-CoV-2-related life-threatening conditions. 
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Fig. 2. D-Dimer, CRP and PAO2/FO2% and therapy in a 82-year-old woman. 
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Fig. 1. Clinical type, complications and outcome of COVID-19 patients with hyper- 

tension of different anti-hypertensive drugs. 
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ear Editor, 

A number of pneumonia cases of unknown causes have

merged in Wuhan, Hubei, China since December 2019. 1 After se-

uencing analysis of samples from the lower respiratory tract, a

oronavirus, 2 which was last named as severe acute respiratory

yndrome coronavirus-2 (SARS-CoV-2), 3 was newly discovered. On

ebruary 11, 2020, the World Health Organization (WHO) an-

ounced a new name for the disease caused by 2019-nCoV: coro-

avirus disease 2019 (COVID-19). 4 With the arrival of the Spring

estival, an epidemic SARS-CoV-2 infection has spread rapidly. It

as swept across China and all over the world, and became a ma-

or global health concern. Chinese scientists found that SARS-CoV-

, like the SARS virus in 2003, enters human cells by recognizing

ngiotensin-converting enzyme 2 (ACE2) protein, which is the key

o the invasion of the “new coronavirus” into the body. 5 Decreased

CE2 expression is a cause of hypertension because ACE2 is identi-

ed as a major angiotensin 1-7 (Ang1-7)-forming enzyme. 6 Based

n studies of COVID-19, we found that hypertension initially oc-

urs in many complications in COVID-19 patients. 7 However, lim-

ted reports on COVID-19 patients with hypertension are avail-

ble in literature. Whether patients with hypertension who un-

ergo angiotensin-converting enzyme inhibitor (ACEI)/angiotensin 

eceptor blocker (ARB) therapy are more likely to suffer SARS-CoV-

 infection and whether ACEI/ARB therapy would have an influ-

nce on the clinical outcomes of patients with COVID-19 are con-

roversy. 8 , 9 Moreover, the epidemiologic and clinical features of

OVID-19 patients with hypertension are also not completely eluci-

ated. Thus, in this study, we describe the demographic, epidemi-

logic, and clinical characteristics of COVID-19 patients with hy-

ertension. And we also attempted to analyze whether ACEI/ARB

reatment would have an influence on the clinical severity and out-

omes of COVID-19 patients. 

Altogether, 884 COVID-19 patients between January 17, 2020

nd February 8, 2020, who confirmed with SARS-CoV-2 infection

n Zhejiang Province, diagnosed as having COVID-19 according to

HO interim guidance 10 were enrolled in this study. Among var-

ous coexisting conditions, the proportion of patients with hyper-

ension (149 patients, 16.86%) was higher than that of others. Com-

ared with COVID-19 patients without hypertension, those patients

ith hypertension had a higher percentage of male sex (59.06% vs

9.93%, P = 0.042), were older (57.00 years vs 43.0 0 years, P = 0.0 0 0)

nd had a higher percentage of age ≥60 years (43.62% vs 13.88%,

 = 0.0 0 0). In this study, 723 patients were diagnosed to have a

ild type; 123 patients, severe type; and 37 patients, critical type.

atients with hypertension had a lower rate of mild type (59.06%

s 86.39%, P = 0.0 0 0), but had a higher rate of severe (26.17% vs

1.43%, P = 0.001) and critical types (14.77% vs 2.04%, P = 0.0 0 0)

han patients without hypertension. Compared with patients with-

ut hypertension, patients with hypertension had a higher in-

idence of acute respiratory distress syndrome(ARDS) (24.16% vs

.67%, P = 0.0 0 0), were more likely to use glucocorticoids (31.54%

s 12.79%, P = 0.0 0 0), antibiotic (50.33% vs 39.32%, P = 0.013), and

ntravenous immune globulin therapy (21.48% vs 6.67%, P = 0.0 0 0)
ttps://doi.org/10.1016/j.jinf.2020.05.043 

2020 The British Infection Association. Published by Elsevier 

td. All rights reserved. 

OVID-19 is more severe in patients with hypertension; 

CEI/ARB treatment does not influence clinical severity 

nd outcome 
a

nd more likely to need mechanical ventilation (14.77% vs 2.04%,

 = 0.0 0 0) and intensive care unit (ICU) admission (16.11% vs 2.31%,

 = 0.0 0 0), extracorporeal membrane oxygenation (ECMO) (4.03%

s 0.82%, P = 0.007) and continuous renal replacement therapy

CRRT) (2.01%vs 0.14%, P = 0.016) therapy. The time intervals from

llness onset to discharge and from admission to discharge in pa-

ients with hypertension (median 25.00 days and 20.00 days, re-

pectively) were longer than those in patients without hyperten-

ion (median 22.00 days and 18.00 days, respectively) (P = 0.000,

 = 0.002) ( Table 1 ). 

We found that the level of leukocyte count (median

.40 × 10 9 /L vs 4.70 × 10 9 /L, P = 0.0 0 0) and neutrophil count

median 3.60 × 10 9 /L vs 2.90 × 10 9 /L, P = 0.0 0 0) was higher, but the

evel of lymphocyte count (median 1.00 × 10 9 /L vs 1.20 × 10 9 /L,

 = 0.0 0 0) was lower in patients with hypertension than in

atients without hypertension. In terms of liver function, pa-

ients with hypertension had a lower level of albumin (median

0.34 vs 41.30, P = 0.001), but a higher level of alanine amino-

ransferase (ALT)(median 25.00 vs 21.0 0, P = 0.0 01), aspartate

minotransferase (AST) (median 28.00 vs 25.0 0, P = 0.0 01), and

otal bilirubin (TB)(median 10.60 vs 9.50, P = 0.010). As for renal

unction, patients with hypertension had a higher level of serum

reatinine (Scr)(median 72.00 μmol/L vs 66.00μmol/L, P = 0.000)

nd blood urea nitrogen (BUN) (median 4.30 mmol/L vs 3.77

mol/L, P = 0.0 0 0) . In addition, patients with hypertension had a

igher level of creatine kinase (CK) (median 83.00 U/L vs 69 U/L,

 = 0.003), lactate dehydrogenase (LDH) (median 250.00 U/L vs 211

/L, P = 0.0 0 0), and C-reactive protein(CRP) (median 16.88 mg/L vs

.80 mg/L, P = 0.0 0 0), but lower level of serum potassium (median

.80 mmol/L vs 3.85 mmol/L, P = 0.031) and serum sodium (median

37.00 mmol/L vs 138.60 mmol/L, P = 0.0 0 0). ( Table 1 ) 

Among the 149 patients with hypertension, most patients (102

atients) treated with CCB including 62 patients used CCB alone.

49 patients were divided into two groups according to whether

r not ACEI or ARB included in the antihypertensive drug regimen,

5 patients in ACEI/ARB group and 84 patients in non-ACEI/ARB

roup. Compared with patients treated without ACEI/ARB, the clin-

cal presentations and laboratory results between the two groups

id not reach significant difference (all P > 0.05). No difference was

ound in severe/critical cases between patients with and those

ithout ACEI/ARB treatment (all P > 0.05). There were no significant

ifferences of the complication (Shock, ARDS), the treatments, in-

luding anti-coronavirus treatment, glucocorticoids treatment, an- 

ibiotic treatment, mechanical ventilation, ECMO, CRRT and so on

all P > 0.05). In addition, no difference was found in the rate of

eath, admission to ICU, interval between illness onset to discharge

nd the time of hospitalization (all P > 0.05). ( Table 1 , Fig. 1 ). 

https://doi.org/10.1016/j.jinf.2020.05.043
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jinf.2020.05.056&domain=pdf
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Table 1 

Clinical characteristics of COVID-19 patients with and without hypertension 

With Hypertension (n = 149) 

Without Hypertension 

(n = 735) 

P - 

Value # 

Total (n = 149) ACEI/ARB (n = 65) Non-ACEI/ARB (n = 84) 

P - 

Value ∗

Sex (male) 88 (59.06%) 40 (61.54%) 48 (57.14%) 0.588 367 (49.93%) 0.042 

Age (years) 57.0 0 (49.50-66.0 0) 56.0 0 (48.0 0-64.0 0) 58.0 0 (52.0 0-67.0 0) 0.043 43.0 0 (34.0 0-54.0 0) 0.0 0 0 

≥60 yr 65 (43.62%) 25 (38.46%) 40 (47.62%) 0.264 102 (13.88%) 0.0 0 0 

Coexisting Condition 

Diabetes 30 (20.13%) 16 (24.62%) 14 (16.67%) 0.230 35 (4.76%) 0.0 0 0 

Heart disease 7 (4.70%) 2 (3.08%) 5 (5.95%) 0.469 8 (1.09%) 0.006 

COPD 2 (1.34%) 1 (1.54%) 1 (1.19%) 1.0 0 0 3 (0.41%) 0.200 

Chronic liver disease 9 (6.04%) 5 (7.69%) 4 (4.76%) 0.691 26 (3.54%) 0.153 

Chronic renal disease 6 (4.03%) 4 (6.15%) 2 (2.38%) 0.404 2 (0.27%) 0.0 0 0 

Cancer 3 (2.01%) 0 (0.00%) 3 (3.57%) 0.257 6 (0.82%) 0.379 

Clinical Type 

Mild Type 88 (59.06%) 37 (56.92%) 51 (60.71%) 0.641 635 (86.39%) 0.0 0 0 

Severe Type 39 (26.17%) 20 (30.77%) 19 (22.62%) 0.262 84 (11.43%) 0.0 0 0 

Critical Type 22 (14.77%) 8 (12.31%) 14 (16.67%) 0.457 15 (2.04%) 0.0 0 0 

General symptoms 

Fever 127 (85.23%) 58 (89.23%) 69 (82.14%) 0.226 587 (79.86%) 0.129 

Fatigue 32 (21.48%) 17 (26.15%) 15 (17.86%) 0.221 126 (17.14%) 0.208 

headache 7 (4.70%) 4 (6.15%) 3 (3.57%) 0.699 74 (10.07%) 0.038 

Muscle ache 22 (14.77%) 11 (16.92%) 11 (13.10%) 0.514 77 (10.48%) 0.130 

Respiratory symptoms 

Nasal obstruction 3 (2.01%) 1 (1.54%) 2 (2.38%) 1.0 0 0 48 (6.53%) 0.031 

Sore throat 20 (13.42%) 11 (16.92%) 9 (10.71%) 0.270 103 (14.01%) 0.849 

Cough 100 (67.11%) 47 (72.31%) 53 (63.10%) 0.235 471 (64.08%) 0.480 

Sputum production 56 (37.58%) 26 (40.00%) 30 (35.71%) 0.592 245 (33.33%) 0.318 

Hemoptysis 7 (4.70%) 5 (7.69%) 2 (2.38%) 0.240 7 (0.95%) 0.003 

Shortness of breath 21 (14.09%) 10 (15.38%) 11 (13.10%) 0.690 20 (2.72%) 0.0 0 0 

Gastrointestinal symptoms 

Nausea and vomiting 7 (4.70%) 4 (6.15%) 3 (3.57%) 0.699 24 (3.27%) 0.386 

Diarrhea 12 (8.05%) 7 (10.77%) 5 (5.95%) 0.284 59 (8.03%) 0.991 

Complications 

Acute respiratory distress syndrome 36 (24.16%) 16 (24.62%) 20 (23.81%) 0.909 49 (6.67%) 0.0 0 0 

Shock 2 (1.34%) 1 (1.54%) 1 (1.19%) 1.0 0 0 2 (0.27%) 0.134 

( continued on next page ) 
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Table 1 ( continued ) 

With Hypertension (n = 149) Without Hypertension 

(n = 735) 

P - 

Value # 

Total (n = 149) ACEI/ARB (n = 65) Non-ACEI/ARB (n = 84) P - 

Value ∗

Treatment 

Glucocorticoids 47 (31.54%) 19 (29.23%) 28 (33.33%) 0.559 94 (12.79%) 0.0 0 0 

Antibiotic treatment 75 (50.33%) 31 (47.69%) 44 (52.38%) 0.570 289 (39.32%) 0.013 

Intravenous immune globulin therapy 32 (21.48%) 14 (21.54%) 18 (21.43%) 0.987 49 (6.67%) 0.0 0 0 

Admission to intensive care unit 24 (16.11%) 9 (13.85%) 15 (17.86%) 0.509 17 (2.31%) 0.0 0 0 

Mechanical ventilation 22 (14.77%) 8 (12.31%) 14 (16.67%) 0.457 15 (2.04%) 0.0 0 0 

EMCO 6 (4.03%) 3 (4.62%) 3 (3.57%) 1.0 0 0 6 (0.82%) 0.007 

CRRT 3 (2.01%) 1(1.54%) 2 (2.38%) 1.0 0 0 1 (0.14%) 0.016 

Interval between illness onset to 

hospital outpatient (Days) 

2.0 0(0.0 0-5.0 0) 2.0 0(1.0 0-4.0 0) 1.0 0(0.0 0-5.0 0) 0.688 2.0 0 (1.0 0-4.0 0) 0.931 

Interval between illness onset to 

admission (Days) 

4.0 0(1.0 0-7.0 0) 4.0 0(2.50-6.0 0) 4.0 0(1.0 0-7.0 0) 0.548 3.0 0 (1.0 0-6.0 0) 0.206 

Interval between illness onset to 

confirmation (Days) 

4.0 0(2.0 0-8.0 0) 4.0 0(2.50-7.0 0) 4.50(2.0 0-8.0 0) 0.782 4.0 0 (2.0 0-7.0 0) 0.576 

Interval between illness onset to 

discharge (Days) 

25.0 0(19.0 0-32.0 0) 26.0 0(18.25-32.0 0) 25.0 0(19.0 0-31.50) 0.955 22.0 0(17.0 0-28.0 0) 0.0 0 0 

Interval between admission to 

discharge (Day) 

20.0 0(14.0 0-27.0 0) 20.50(14.00-26.75) 20.0 0(14.50-27.0 0) 0.915 18.0 0(13.0 0-23.0 0) 0.002 

Death 1 (0.67%) 1 (1.54%) 0 (0.00%) 0.436 0 (0.00%) 0.169 

Laboratory detection 

Leucocytes ( × 10 9 /L; normal range 

4-10) 

5.40 (4.29-6.48) 5.30 (4.26-6.32) 5.45 (4.30-6.64) 0.749 4.70 (3.80-5.90) 0.0 0 0 

Neutrophils ( × 10 9 /L; normal range 

2-7) 

3.60 (2.80-4.80) 3.43 (2.92-4.95) 3.65 (2.71-4.79) 0.928 2.90 (2.20-3.83) 0.0 0 0 

Lymphocyte ( × 10 9 /L; normal range 

0.8-4.0) 

1.00 (0.71-1.37) 0.96 (0.70-1.40) 1.04 (0.77-1.33) 0.896 1.20 (0.90-1.60) 0.0 0 0 

Platelets ( × 10 9 per L; normal range 

83-303(Male), 101-320 (female) 

171.00 

(138.00-220.50) 

166.00 

(140.00-196.50) 

179.00 

(137.00-225.50) 

0.336 183.0 0 (149.0 0-223.0 0) 0.095 

INR(normal range 0.85-1.15) 1.02 (0.97-1.10) 1.02 (0.97-1.11) 1.02 (0.98-1.08) 0.871 1.01 (0.97-1.08) 0.190 

Alb (g/L; normal range 40-55) 40.34 (36.73-42.60) 40.70 (37.2-42.89) 39.20 (36.20-42.40) 0.339 41.30 (38.50-43.80) 0.001 

ALT (U/L; normal range 9-50 (Male), 

7-40 (Female)) 

25.0 0 (18.20-39.0 0) 26.0 0 (19.0 0-41.0 0) 25.0 0 (17.0 0-32.75) 0.375 21.0 0 (15.0 0-33.0 0) 0.001 

AST (U/L; normal range 15-40 

(Male),13-35 (Female)) 

28.0 0 (21.50-40.0 0) 27.00 (19.95-40.10) 28.0 0 (22.0 0-39.75) 0.857 25.0 0 (19.0 0-32.0 0) 0.001 

TB (umol/L; normal range 0-26 (Male), 

0-21 (Female)) 

10.60 (7.70-14.95) 11.40 (7.50-16.95) 10.25 (7.73-14.40) 0.716 9.50 (6.90-13.10) 0.010 

Scr (μmol/L; normal range: 

57-97(Male), 41-73 (Female)) 

72.0 0 (58.0 0-85.0 0) 71.0 0 (57.0 0-85.25) 73.0 0 (58.30-85.0 0) 0.829 66.0 0 (55.0 0-76.43) 0.0 0 0 

BUN (mmol/L; normal range 3.1-8.0 

(Male), 2.6-7.5 (Female) 

4.30(3.50-5.93) 4.20 (3.31-5.71) 4.33 (3.56-6.15) 0.277 3.77 (3.00-4.50) 0.0 0 0 

CK (U/L; normal range 50-310 (Male), 

40-200 (Female) 

83.00 (53.5-130.50) 72.0 0 (49.50-131.0 0) 90.0 0 (55.0 0-129.75) 0.521 69.0 0 (47.0 0-105.0 0) 0.003 

LDH (U/L; normal range 120-250) 250.00 

(194.50-315.00) 

244.00 

(181.00-318.00) 

253.00 

(204.00-311.50) 

0.332 211.0 0 (169.0 0-256.0 0) 0.0 0 0 

Serum potassium (mmol/L; normal 

range 3.5-5.3) 

3.80 (3.50-4.05) 3.84 (3.49-4.03) 3.79 (3.50-4.06) 0.576 3.85 (3.60-4.14) 0.031 

Serum sodium (mmol/L; normal range 

137-147) 

137.00 

(135.00-139.90) 

137.00 

(135.14-139.85) 

137.15 

(135.00-139.90) 

0.942 138.60 (136.39-140.08) 0.0 0 0 

CRP (mg/L; normal range 0-8) 16.88 (7.20-44.55) 21.00 (7.29-40.90) 15.53 (6.39-51.00) 0.556 7.80 (2.30-19.00) 0.0 0 0 

Note 1: ∗ , P value of comparison between ACEI/ARB and non- ACEI/ARB; #, P value of comparison between with and withour hypertention. 

Note 2: Alb, Albumin; ALT, Alanine aminotransferase; AST: Aspartate aminotransferase; BUN, Blood urea nitrogen; CK, Creatine kinase; COPD, Chronic obstructive pulmonary disease; CRP, CRRT: Continuous renal 

replacement therapy;C-reactive protein; ECMO, Extracorporeal membrane oxygenation; INR: International normalized ratio; LDH: Lactate dehydrogenase; Scr, Serum creatinine; TB,Total bilirubin. 
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In summary, we reported the largest cases of COVID-19 patients

with hypertension. This study showed that patients with hyperten-

sion might have more severe respiratory symptoms, more abnor-

mality laboratory indication, and more proportion of severe/critical

type of COVID-19. Moreover, they may need more antibiotic, hor-

mone, and intravenous immune globulin therapy and intensive

care unit admission and have a longer hospital stay. Treatment

with ACEI/ARB have no influence on the severity and the clinical

outcome of COVID-19 patients with hypertention. 
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ear Editor, 

Identifying the significant parameters for early progression to-

ard worse prognosis is fundamental for the management of

OVID-19 patients. 

In this Journal, Zhi Lin and colleagues 1 recently reported that

hinese patients with severe Sars-CoV2 disease showed higher lev-

ls of serum ferritin than patients with not severe one, confirm-

ng data from other authors on Chinese 2 , 3 and Caucasian popula-

ions. 4 , 5 

Here we aimed to establish the most suitable panel for rou-

ine prognostic serum laboratory testing in COVID-19 patients upon

rst admission to the Emergency Department. 

We thus enrolled 141 patients (59 females and 82 males, aging
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Fig. 1. 1A) Characteristics of the study population; 1B) Analysis of Variance of serum ferritin between severe (60) and non severe COVID-19 patients (81); 1C) ROC curve 

analysis of serum ferritin levels for the severity of COVID-19. 
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n Rome, Italy, between March 2020 and June 2020. Serum sam-

les were collected from patients upon admission before starting

ny treatment and tested by Laboratory Department. 

Of all patients included, 81 patients (57%) showed mild disease

control group) and 60 (43%) showed acute respiratory distress

yndrome (ARDS) and systemic inflammation (severe group).

ig. 1 A shows the differences in the baseline characteristics

etween severe and non-severe COVID-19 patients. The severe

atients were older and more frequently males and showed sig-

ificant higher levels of C Reactive Protein (CRP), d -Dimer (D-D),

actate Dehydrogenase (LDH), Neutrophil to Lymphocyte ratio

NLR) and Ferritin. 
g  
Serum ferritin levels were positively correlated with severity of

OVID-19 ( Fig. 1 B) and hyperferritinemia (ferritin level > 500 μg/L),

as observed in all patients with severe disease on admission.

oreover, ROC curve analysis confirmed the excellent prognos-

ic accuracies of serum Ferritin in discriminate patients with se-

ere clinical conditions. (AUC 0.939, CI: 0,894 to 0,985 p < 0.001)

 Fig. 1 C). 

The triaging of COVID-19 patients is based on a combination

f clinical, laboratory and instrumental parameters, mainly repre-

ented by Computed Tomography (CT). Thus, based on the sever-

ty of pulmonary impairment in CT scan and respiratory failure in

eed of mechanical ventilation, patients were further divided in 4

roups according to the WHO guidelines updated in May 2020 6 : 29
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Fig. 2. 2A–F) Analysis of Variance – Categorized box and whisker plot of ferritin, NLR, DD, LDH, CRP and age according to COVID-19 severity; 2 G) Analysis of Variance and 

concentrations of ferritin, NLR, D-D, LDH, CRP and age according to COVID-19 severity. 
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atients with no CT alterations (Group 0-mild); 32 patients with

hanges in CT scan no oxygen (Group 1-moderate); 38 patients

ith CT scan plus oxygen (Group 2-severe) and 42 patients with

T abnormalities plus intensive care unit (ICU) admission (critical-

roup 3). 

Our data strongly confirm that increased levels of ferritin were

irectly related with the disease severity ( Fig 2 A). Particularly, not

nly severe group showed 2.6 times higher ferritin levels than the

ild group, but patients who needed admission to the ICU showed

.8 times higher ferritin compared to patients with mild COVID-19.

mong all parameters considered, we also noted that the NLR was

tatistically correlated with the severity of disease. ( Fig. 2 B). Con-

ersely, D-D, LDH and CRP increased only in the group of critical

atients (group 3), being substantially stable in the other groups

haracterized by mild, moderate and severe disease ( Fig. 2 , panel

, D, E). 

Multivariate logistic regression model adjusted for several

isease-related risk factors at admission, including age, sex, NLR,

-D, LDH, ferritin and CRP, demonstrated that serum ferritin re-

ulted as an independent predictor of disease severity in COVID-19

atients (OR = 1,0048, 95% CI, 1,0029 to 1,0083, p < 0,001.). 

If patients were grouped according to the serum ferritin level

ith a cut off of 500 μg/ml derived from the HLH-2004 7 crite-

ion, hyperferritinemia accounted for 48,22% (68/141) of patients

nd the hyperferritinemia group had a higher proportion of severe

ases (77,94% vs 10,30%, p < 0,001) than patients without hyper-

erritinemia. 

This is the first Italian report about the prognostic value of lab-

ratory biomarkers considering 4 groups of mild, moderate, severe

nd critical patients with COVID-19. We clearly demonstrated that

erum levels of ferritin progressively increased with the severity of

isease and correlate with poor prognosis in COVID-19 patients. 

Increased ferritin levels could be indicative of a strong inflam-

atory reaction in COVID-19 and recent studies suggest that in-

reased levels of circulating ferritin levels play a critical role by

ontributing to the development of a cytokine storm 

8 , 9 resembling

acrophage activating syndrome. 10 Timely control of the cytokine

torm in its early stage through immunomodulators and cytokine

ntagonists, as well as the reduction of lung inflammatory cell in-

ltration, is the key to improving the treatment success rate and

educing the mortality rate of patients with COVID-19. In this re-

ard, ferritin evaluation could be an early, available and easy to use

creening tool to assess the disease severity at the first admission

n the emergency department. This test might be of crucial impor-

ance for the timely identification of patients at higher risk of an

dverse outcome. 
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s  
ear Editor, 

Detection of severe acute respiratory syndrome coronavirus

 (SARS-CoV-2) is essential for diagnosis of Coronavirus disease

COVID-19). Nasopharyngeal swabs (NPS) are recommended by the

orld Health Organisation (WHO) as the current standard method

o detect SARS-CoV-2 in suspected patients. 1 However, collection

f an NPS or oropharyngeal swab (OPS) can be technically difficult,

ncomfortable for patients, may induce sneezing or coughing, and

xpose those nearby to aerosolised SARS-CoV-2). 2 

We postulate that alternative easier-to-sample swabs such as

hose from the nose (NS) or cheek (CS) may be equally sensi-

ive in acute COVID-19 cases, and can be effectively taken by pa-

ients themselves. In addition, longitudinal analysis of serial sam-

les collected contemporaneously from multiple upper respiratory

ract (URT) sites, from the same patient, has not been well de-

cribed. Here, we performed a prospective longitudinal analysis of
8. Kernan K.F. , Carcillo JA < /b> . Hyperferritinemia and inflammation. Int Immunol
2017; 29 (9):401–9 . 

9. Wessling-Resnick M. . Crossing the iron gate: why and how transferrin receptors
mediate viral entry. Annu Rev Nutr 2018; 38 :431–58 . 

0. Shoenfeld Y. . Corona (COVID-19) time musings: our involvement in COVID-19
pathogenesis, diagnosis, treatment and vaccine planning. Autoimmun Rev

2020:102538 . 
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Fig. 1. Relative SARS-CoV-2 viral loads indicated by Aus Diagnostics ORF8 multiplex-tandem RT-PCR calculated cycle threshold (Ct) values (inverted y-axis) of Patient s 1–3 

with differing severities of COVID-19. Samples which did not amplify have been given a nominal value of 35 (equivalent to the maximum calculated Ct for this assay). The 

‘final’ (PCR negative) swab was taken 14 days post-illness onset for all Patients. Corresponding sample types according to sampling site (as discussed in the main text): Red 

squares: nasopharynx – nasopharyngeal swab (NPS); green triangles: nose – nasal swab (NS); blue diamonds: oropharynx – oropharyngeal swab (OPS); yellow crosses: cheek 

– cheek swab (CS); grey circles: conjunctiva – conjunctival swab (CJS). (For interpretation of the references to colour in this figure legend, the reader is referred to the web 

version of this article.) 
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three healthcare worker volunteers with differing clinical severities

of acute COVID-19. 

Shortly after a confirmed diagnosis of COVID-19 using the lo-

cal diagnostic AusDiagnostics (Ausdiagnostics UK Ltd., Chesham,

England) SARS-CoV-2 PCR test, 3 each participant volunteered to

provide serial self-collected swabs from the nasopharynx (NPS, 1

swab), just inside the soft part of the nose (NS, 1 swab), the

oropharynx (OPS, 1 swab), inside the cheek (CS, 1 swab). In ad-

dition, we also decided to check for the presence of SARS-CoV-2 in

the conjunctiva (CJS, 1 swab for both eyes). All of these swabs were

taken at the same time-point, on a daily basis - or as frequently as

was practical and tolerable - until all the SARS-CoV-2 viral loads

became undetectable. Thus, each patient collected up to 5 separate

swabs on a daily basis for this study. 
All three participants (hereafter referred to individually as ‘Pa-

ient’ 1, 2, or 3) became symptomatic with confirmed COVID-19

uring the week of 12th April 2020. Patient 1 had mild COVID-

9, complaining of a 7-day history of anosmia only; Patient 2

ad moderate COVID-19, with a 5-day history of fevers, shivers,

ry cough and myalgia; Patient 3 had severe COVID-19, presenting

ith a 2-week history of fevers, shivers and a productive cough

hat required supplemental oxygen therapy, and eventual admis-

ion to the intensive care unit (ICU) during the second week, after

hich no further swabs were taken. Final follow-up swabs were

erformed by the participants on 5th May 2020, two weeks after

ymptom onset for all participants. 

From 17th April to 5th May 2020, a total of 105 swabs were

ollected from three participants ( Fig. 1 ). Patient 1 ( mild COVID-19)
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✩ Letter in response to Grall et al. https://doi.org/10.1016/j.jinf.2020.08.044 
rovided a total of four days of swabs (20 swabs) from Day 8 days

ost-symptom onset; Patient 2 ( moderate COVID-19) provided a to-

al of 11 days of swabs (55 swabs) from Day 1 post-symptom on-

et; Patient 3 ( severe COVID-19) provided a total of 6 days of swabs

30 swabs) from Day 3 post-symptom onset. All three participants

ere PCR negative for SARS-CoV-2 on the final swabs taken on 5th

ay 2020. 

Patient 1 ( mild COVID-19) only had positive PCR results from

he NPS and NS, with negative PCR results from the NS after day 8.

atient 2 had positive PCR results from all sites except for the con-

unctiva, with the lowest cycle threshold (Ct) value (i.e. the highest

iral load) in the NPS, followed by the OPS, NS and CS. Patient 3

ad positive PCR values from all sites; with the lowest Ct value

highest viral load) in the NPS followed by NS, CS, OPS and CJS. 

For all three participants, Ct values appeared to increase (i.e. the

iral loads decreased) over time. For Patient 1 ( mild COVID-19), the

irus was only detected in the NPS and NS from Day 8 onwards,

ith some fluctuation in the detectability of the virus in the NPS.

or Patient 2 ( moderate COVID-19), the Ct values of the NPS, OPS

nd NS also increased over time, with some fluctuation in the de-

ectability of the virus in the CS. For Patient 3 ( severe COVID-19),

he NPS, OPS and CS Ct values increased over time, demonstrating

ecreasing viral loads. 

Our small longitudinal study cohort demonstrated several find-

ngs. Firstly, the most symptomatic case, Patient 3 was most likely

o be viremic at multiple sites in the URT, as reported elsewhere. 4 

econdly, self-swabbing from these various URT sites is an effec-

ive and sensitive way to collect diagnostic samples, as found else-

here. 5 Note that only one out of these three cases, Patient 3 who

id not exhibit overt conjunctivitis, exhibited detectable virus from

he conjunctiva within the first 5 days of illness. Patient 1 ′ s first

wab was only taken on Day 8 post-illness onset, so it is possible

hat any virus present earlier in conjunctival fluids may have been

issed. However, this lower detection rate for conjunctival swabs

with or without overt conjunctivitis) is consistent with previous

eports. 6 Thirdly, the relative SARS-CoV-2 viral loads from the URT

ecreased with time in the 1–2 weeks post-COVID-19 symptom

nset, regardless of disease severity. This has been shown else-

here, 7 though this is not always the case. 8 

From this small longitudinal cohort study on serially collected

amples in acute COVID-19 cases of differing severity, we conclude

hat for symptomatic patients, it is difficult to obtain a ‘false nega-

ive’ result on NPS, OPS, NS or CS samples, if sampled early (within

 days) post-symptom onset, even if the swab was ‘poorly’ taken.

espite a previous meta-analysis showing that sputum testing is

ossibly more sensitive for SARS-CoV-2 PCR testing, 9 other studies

ave shown that self-sampling from various URT sites performed

atisfactorily for the diagnosis of acute COVID-19. 5 Sputum testing

s not standard in many virology labs due to long-recognised prob-

ems related to its viscosity and risks of PCR inhibition, 10 and not

ll COVID-19 patients will have a productive cough. 

Therefore, we further confirm that early (within 5 days of

ymptom onset), self-swabbed NPS, OPS, NS or CS samples for

ARS-CoV-2 diagnostic testing in acute COVID-19 cases is a sen-

itive, practical approach, which reduces patient discomfort (as

elf-swabbing can be controlled) and minimises virus exposure to

ealthcare workers. 
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a

relatively high numbers of children and young people affected. 2 

Our evaluation aimed to identify the number of clinically signifi-

cant SARS-COV-2 paediatric patients (age < 18 years) presenting to

our Children’s Emergency Department (CED) at the Leicester Royal

Infirmary (LRI), to investigate the effectiveness of infection control

measures. We determined clinically significant infection to be that

which prompted parents or carers to bring their child to the CED

and be admitted. We highlight that national guidance in England

determines only admitted patients are swabbed for SARS-COV-2.

Clinical information was gathered by retrospectively looking at the

attendances in Nervecentre R © (the University Hospitals of Leicester

NHS Trust Electronic Patient Record system, version 6.02). The con-

tact tracing feature on NerveCentre R © allowed us to find all patients

in the department at the same time as an index case. 

The CED at LRI followed national public health guidance when

implementing infection control measures. Policies ranged from

adopting rigorous hand washing and provision of Personal Pro-

tective Equipment (PPE) for patient contacts, to the separation of

the department into “red” (suspected COVID) and “blue” (non-

suspected COVID) zones (criteria in Fig. 1 ). 

Our evaluation was submitted to the University Hospitals of Le-

icester NHS Trust Audit and Improvement committee (Identifier

10786) and ratified as a service evaluation project. Between 17th

March 2020 to 31st July 2020, we saw 10,777 children in the CED.

During this period 22 samples tested positive for SARS-COVID-19

by Polymerase chain reaction (PCR) (AusDiagnostics R © and Cepheid

Genexpert( R ©) for children admitted from the CED. Nearly all of the

patients came through the red zone; 21/22 (95.4%). A 6-year old

patient, managed as bullous impetigo with a course of antibiotics,

presented with no COVID suspected symptoms and was placed

in the blue zone. There was no overlap between any SARS-CoV-2

positive patients with any other patients who subsequently tested

positive in the department. Thus, no clinically relevant COVID19

cross infection was noted. 

Out of the 22 included patients presenting to the CED, 20

(90.9%) patients were admitted. The two that were discharged from

the CED had a sample sent from the CED due to an initial plan

to be admitted, which was later changed due to improvement in

clinical status (one an infant presenting with suspected fever and

inflammatory parameters within normal range and the second due

to the referred speciality decision to discharge. All the other 20 pa-

tients were eventually discharged from hospital. 

Out of the 22 SARS-CoV-2 positive patients presenting to

the children’s ED, 2 patients were felt to have the novel paedi-

atric Inflammatory Multisystem Syndrome temporally related to

SARS-CoV-2 (PIMS-TS), both needing paediatric intensive care stay.
Fig. 1. Criteria for directing patients in into the Red zone from the sieve during 

data collection period. 

C

 

c  

t

F

 

a

D

R

 

 

hildren presented with lower respiratory tract infection (LRTI)

3/22) suspected sepsis (4/22), and Bronchiolitis (2/22). A single

atient presented with each diagnosis of infectious gastro-enteritis,

eizures, meningo-encephalitis, bullous impetigo, and perforated

ppendix as the primary diagnosis. 

The average length of stay in hospital of the 22 included pa-

ients was 120.68 h (range 5–545 h; SD 127.48) 

Our evaluation was designed to understand the cross-infection

ates amongst paediatric patients presenting to our hospital and

nsure we were deploying robust methods of infection prevention.

o child who was in the department at the same time as a child

ho was subsequently found to be positive returned to be admit-

ed with SARS-CoV-2 infection themselves. Therefore, there was no

vidence of clinically relevant SARS-CoV-2 infection between pa-

ients in our department. However, it is important to note that only

atients in whom the decision to admit was made, were the SARS-

oV-2 tests done, therefore the actual incidence of SARS-CoV-2 in

ur department would be very difficult to obtain. Also, as we did

ot swab patients unless there was a decision to admit them our

esults should also not be taken to indicate that any child with

ARS-CoV-2 needs admission. 

The COVID19 pandemic has presented unprecedented chal-

enges to the healthcare infrastructure. In particular, there is lim-

ted number of high quality data on paediatric cases, 3 largely due

o infrequent symptomatic and severe infection in this population. 4 

In our Paediatric ED, we employed stringent methods of infec-

ion prevention. This included standard measures like hand wash-

ng, wearing of PPE (gloves, aprons and protective eye gear), and

egular training (face-to-face and online) of staff. However, the

easure that involved the biggest change in our way of working

as a separation of the CED into “red” and “blue” areas based on

he presence or absence of, respectively, fever, respiratory com-

laints ( Fig. 1 ). This led to the creation of a standardised check-

ist to be used by staff employed in a “sieve”, who would direct

atients to different areas using the symptom checklist. This in

urn meant a substantial change in the way we work requiring

taff allocation amongst the two areas, and challenges to overall

versight of the ED by medical and nursing team leaders as there

ould potentially be complex patients in both areas at the same

ime. Given children don’t appear to be causing clinically relevant

pread within our CED, and the numbers of positive cases are low,

e believe that the current measures to split the departments are

ffective, but also perhaps, unnecessary. 

This could be crucial in managing future CED patient flow, espe-

ially during the winters when the other seasonal viral infections

re likely to overburden the services. 
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ear Editor, 

We read with interest the recent study of Wang et al., 1 re-

arding the household transmission of coronavirus disease 2019

COVID-19). In December 2019, an outbreak of COVID-19, caused by

he Severe Acute Respiratory Syndrome Coronavirus-2 (SARS-COV-

), became a global pandemic. Many epidemiologic studies have

een carried out to characterize the epidemiology of COVID-19 and

nform decisions about possible interventions. Of particular early

nterest was the frequency of transmission from confirmed cases

o their close contacts. It had been reported that about 75–80% of

lustered COVID-19 infections in China were within families, 2 sug-

esting high rates of intra-family transmission. Thus timely house-

old studies can be highly informative for COVID-19 prevention.

ere, we report a systematic review of household transmission

tudies of COVID-19 and try to assess the secondary attack rate of

ousehold COVID-19 transmission. 

Studies containing data on household transmission of COVID-

9 were retrieved from the electronic databases: PubMed, Embase,

nd a Chinese database, China National Knowledge Infrastructure

CNKI) on 1 July, 2020. All titles identified by the search strategy

ere independently screened by 2 authors (H.L. and X.X.). Eligible

rticles reported a household transmission for COVID-19 or suffi-

ient data to determine a secondary attack rate, and must have re-

orted data based on > = 10 households. Case reports with only one
2. Rapid Investigation Team. Preliminary investigation into COVID-19 exceedances
in Leicester. London: 2020. 

3. Castagnoli R., Votto M., Licari A., et al. Severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2) infection in children and adolescents: a systematic re-

view. JAMA Pediatr 2020. doi: 10.1001/jamapediatrics.2020.1467 . 
4. Han Q., Lin Q., Jin S., et al. Coronavirus 2019-nCoV: a brief perspective from the

front line. J Infect 2020 online first. doi: 10.1016/j.jinf.2020.02.010 . 
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ousehold transmission of COVID-19-a systematic review 

nd meta-analysis 
amily involved were also excluded for analysis, because the house-

old transmissions event collection was biased towards infection

aused more serious illness. The bias could be reduced with more

amilies involved. When multiple reports of the same dataset were

dentified, only the most comprehensive report of the study was

ncluded. Household secondary attack rate (SAR) was calculated as

he number of identified cases divided by the number of house-

old contacts. Further, the SAR was calculated separately for adults

nd children, using the age criterion of the study, further, the SAR

y other contacts was are summarized, when data were available.

ARs were calculated as the number of cases divided by the num-

er of contacts, using the fisher’s exact test for the 95% confidence

nterval (CI). We assessed statistical heterogeneity among studies

sing the I 2 index. All analyses were performed by the software

PSS. The meta-analysis was conducted in Review Manage 2020. 

A total of 463, 402 and 212 titles were identified from PubMed,

mbase and CNKI, respectively; and 24 articles were included in

he mata-analysis. The characteristics of 24 included articles are

ummarized in Supplementary Table S1. 10 studies are retrospec-

ive cohort studies, one is a prospective study, and the other 13 are

ase ascertainment studies. Most studies (19/24) were conducted

n China, with two in South Korea, two in the USA and one in Ger-

any. All the studies were conducted between Jan 1 and March 31,

020. 

Reported SARs were substantially heterogeneous, ranging from

.6% to 90.0% ( I 2 = 96%), with pooled rate of 27% (95% CI: 21 −32%)

 Fig. 1 ). In the 10 retrospective cohort studies, the SARs ranged

rom 11.2% to 68.2%, with mean value 29.7%. In the 13 case as-

ertainment studies, the SARs ranged from 4.6% to 90.0%, with

ean value 28.3%. There is no significantly difference between the

ARs in the retrospective cohort and case ascertainment studies

 p = 0.93). 

In 6 of the 24 studies, SAR was stratified by age, yielding a

ange of SARs from 15.7% to 47.6% in adults and from 5.2% to

6.9% in children. The meta-analysis indicates the risk of house-

old transmission in adults is about 3-times higher than that

n children (odds ratio (OR) = 3.67, 95% CI: 2.76–4.87, p < 0.001)

 Fig. 2 ). In 10 studies, the SAR among other contacts (not house-

old contacts) was also reported, and ranged from 0.1% to 28.8%.

he meta-analysis indicates the risk of household transmission is

bout 10 times higher than that from other contacts (OR = 10.72,

5% CI: 5.70–20.17, p < 0.001) (Supplementary Fig. S4). 

There were substantial heterogeneities in estimated SAR from

he various studies, with point estimates of the SAR ranging from

.6% to 90.0%. The intrinsic transmissibility is not thought to have

arious transmissibility in different regions, indeed, as a compari-

on, review studies reported 2009 pandemic influenza A(H1N1) in

ousehold SAR with H1N1 virus were also widely varying, from 3%

o 38%. 3 In these studies, with 10 or more families involved, the

ighest SAR were observed in Wuhan, China, which also had the

reatest number of COVID-19 confirmed cases in China. Generally,

he data-based SAR estimated from literatures would be higher

han the real SAR since data-based estimates might have included

ome untraced exposures from outside. 

Household SAR were greater than SAR by other contacts

OR = 10.72, 95% CI: 5.70–20.17, p < 0.001), suggesting much

igher rates of intra-family transmission of COVID-19. Several stud-

es have reported that adults were more vulnerable to SARS-CoV-

. 4 In this study, we also found that within households, adults

ere about 4 times as susceptible to COVID-19 from a household

ember as children (OR = 3.67, 95% CI: 2.76–4.87, p < 0.001). In

he study with the highest SAR (62.1%, 95% CI: 52.4 −71.9%) among

he 10 retrospective cohort studies, the mean age of the house-

olds (58.7 ± 16.0) 5 was also much higher than these in other stud-

es with detailed age of the households. The age of the households

ight partly explain the varying SARs. However, because the age of

https://doi.org/10.1001/jamapediatrics.2020.1467
https://doi.org/10.1016/j.jinf.2020.02.010
mailto:dr98@le.ac.uk
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Fig. 1. Secondary attack rates (SIRs) among household contacts. 

Fig. 2. Transmission risk of COVID-19 to adults and children in household. 
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the households was not available in most studies, the quantitative

analysis of the SARs and age of the households were not done. 

For SARS-CoV, the SAR was estimated to be 6.2–10.2% in Bei-

jing, Hong Kong, Toronto and Singapore. 6–8 Information about

the household transmission of MERS-CoV is relatively rare. In a

study in Saudi Arabia, the household SAR of MERS-CoV was es-

timated to be 4% (95% CI: 2–7). 9 We conclude that SARS-CoV-

2 is more transmissible than SARS-CoV and MERS-CoV in house-

holds. In addition, pre-symptomatic and asymptomatic cases were

estimated to contribute 53% of COVID-19 transmission. 10 All these

challenge the value of home isolation for COVID-19 patients, as

it may put household members at high risk of infection, propa-

gating the disease. When the hospital isolation of all cases be-

comes unfeasible, other sheltering facilities, such as the Fang-

cang Shelter Hospital used in Wuhan, China, might be a better

option. 2 
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Table 1 

Amino acids at position 627 of PB2 protein of the H7N9 viruses isolated from 2013 

to 2019. 

Isolated year Human isolates Avian isolates 

E K V Q E K V 

2013 49/378 328/378 1/378 0/378 191/191 0/191 0/191 

2014 72/264 190/264 2/264 0/264 313/314 1/314 0/314 

2015 51/128 74/128 2/128 1/128 100/102 2/102 0/102 

2016 46/123 74/123 3/123 0/123 64/64 0/64 0/64 

2017 124/374 225/374 25/374 0/374 115/117 0/117 2/117 

2018 1/1 0/1 0/1 0/1 3/3 0/3 0/3 

2019 0/5 5/5 0/5 0/5 0/0 0/0 0/0 

Total 343/1273 896/1273 33/1273 1/1273 786/791 3/791 2/791 

Sequences of H7N9 viruses were obtained from the public database “Global Initia- 

tive on Sharing Avian Influenza Data” and GenBank from 2013 to 2019. The number 

on the left of the slash shows the number of viruses bearing the indicated amino 

acid, and the number on the right of the slash shows the total number of viruses 

analyzed. 
upplementary materials 

Supplementary material associated with this article can be

ound, in the online version, at doi:10.1016/j.jinf.2020.08.033 . 
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ear Editor, 

H7N9 avian influenza virus (AIV) first emerged in February 2013

n China. Early H7N9 isolates are all low pathogenic (LP) until

eptember 2017 when a few highly pathogenic (HP) H7N9 mu-

ants were identified. 1 Phylogenetic analyses suggest that the HP

iruses are a tri-reassortant of H7, N9, and H9N2 subtypes of AIV.

his new reassortant carries several amino acid substitutions in its

emagglutinin (HA) gene to allow the virus to bind to its mam-

alian receptor with a high affinity. 2 , 3 

Since the first case of human infection with the H7N9 influenza

irus was reported in China in March 2013, 4 there have been five

7N9 epidemic waves that sickened 1568 individuals and caused

16 fatalities according to the WHO report ( http://www.who.int/

nfluenza/human _ animal _ interface ). Previous studies have proved

hat the PB2 E627K substitution played an important role in the

mergence of the rapid cross-species transmission of the H7N9

IV from avian sources to human hosts, and functions of this

ubstitution in mammalian adaptation have also been well doc-

mented, including enhancing polymerase activity, virus replica-

ion, pathogenicity, and transmission of AIV in humans and other

ammals. 5 , 6 As summarized in the Table 1 , > 70% of H7N9 hu-

an isolates (896/1273) acquired the PB2 627 K mutation, and ap-

roximately 27% (343/1273) remained 627E. In contrast, > 99% of

vian isolates (786/791) retained 627E, while only three LP isolates

ained 627 K mutation. Since H9N2 provides all the internal genes

o generate the prototype of H7N9 viruses, we also noticed that

9N2 isolates obtaining the PB2 627 K mutation had been reported

ecently. 7 

In late 2018, we conducted routine surveillance of AIV infec-

ions in poultry and isolated two strains of H7N9 subtype AIV from

reeder farms in northern China. We found that these two chicken-

rigin H7N9 isolates, A/chicken/Northern China/SX4748/2018 

SX4748) and A/chicken/Northern China/SD386 6/2018 (SD386 6),

ere HP based on the sequence of the HA gene. Deduced

mino acid sequences of the HA gene revealed that both strains

ad a four-amino-acid (KRTA) insertion at position 339–342

nd an I335V mutation in the cleavage site to make the

otif PEVPKRKRTAR ↓ GLF. These amino acid changes concur
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Fig. 1. Phylogenetic trees of eight genes between the two viruses (SX4748 and SD3866) and some representative isolates obtained from GISAID and GenBank. The isolates in 

this study are marked with black diamonds; LP H7N9 isolates harboring 627 K mutation in the PB2 protein are marked with black squares; human isolates harboring 627 K 

mutation in the PB2 protein are marked with black spots; H9N2 isolates harboring 627 K mutation in the PB2 protein are marked with black triangle. The tree was inferred 

by MEGA 6.0 using the Maximum Likelihood method based on the Tamura-Nei model with 10 0 0 bootstrap replicates. 
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The HA gene-based phylogenetic analysis revealed that these

two strains clustered to the HP H7N9 clade belonging to Yangtze

River Delta lineage, whereas the NA gene of these two strains was

in the RD5-like (H10N9) branch. Their internal genes were closely

related to the dominant S genotype (G57-like) of the H9N2 sub-

type 8 , 9 ( Fig. 1 ). Remarkably, the sequences of the internal genes

revealed that both strains gained the E627K mutation in their PB2

gene. Since this substitution reportedly attributes to increased vir-

ulence and adaptation in mammalian hosts, we evaluated the bi-

ological characteristics and pathogenicity of these two strains in

BALB/c mice. Unexpectedly, based on the 50% mouse lethal dose

(MLD 50 ) (Supplementary Table) and percent survival curves, we

found that these two H7N9 viruses were low virulent. Only one

of five mice infected with the SX4748 strain died at the dose of

10 6 EID 50 , while none of the mice infected with the SD3866 strain

died. Furthermore, body weight measurement revealed that mice

inoculated with the SD3866 strain only experienced a transient in-

fection at the dose of 10 5 EID 50 and 10 6 EID 50 at the end of the

experiment (Supplementary Figure). These results suggest that the

PB2 627 K mutation is not the only alteration in the virus genome

that dictates the virulence and adaptation of influenza viruses in

mammalian hosts. Several amino acid alterations in other pro-

teins of AIV have been identified to play an important role in the

pathogenicity of the H7N9 virus in mice. 10 

In summary, we report here for the first time the isolation of

two highly pathogenic H7N9 strains that harbor the E627K mu-

tation in the PB2 gene from chickens in northern China. These

H7N9 variants are likely derived from the reassortment with H9N2

viruses that have already harbored the PB2 E627K substitution or

evolved from spontaneous mutations. We also provide evidence

that the PB2 627 K in these two variants did not render them a

highly pathogenic phenotype in mice, suggesting that PB2 627 K

mutation alone is not sufficient for its high virulence in mammals.
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