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ear Editor, 

We read with interest the outbreak investigation carried out

n late March/early April 2020 in four nursing homes affected by

OVID-19 outbreaks in central London. 1 During this study, 27 days

fter the first death and 21 days after the first resident tested pos-

tive, 126 (40%) of nursing home residents were found SARS-CoV-

 positive. A striking finding of this investigation was that 60% of

ARS-CoV-2 positive residents were either asymptomatic or only

ad atypical symptoms for COVID-19 during the two weeks prior

o testing. Asymptomatic nursing home staff (4%) were identified

s potential source of viral transmission to the residents. Addi-

ionally, genomic analysis identified one cluster involving one staff

ember and two residents in the same home. This work highlights

he need for evaluations of the accuracy of testing strategies to

dentify the reservoir of asymptomatic COVID-19 cases in nursing

ome (NH) and adjust the control measures. In light of our local

xperience, and in the context of a post-lockdown period with a

ow incidence of COVID-19 in the general population, we analysed

he results of strategies adopted by 50 NH to assess the accuracy of

esting professionals, residents or both for investigating the spread

f COVID-19 around a positive case. 

In France, a general lockdown was implemented from

3/17/2020 to 05/11/2020. Since 07/04/2020, the French na-

ional screening recommendations in NH rely on testing all

rofessionals when a COVID-19 positive case is identified (resident

r professional). 2 The screening of residents is recommended up

o three suspected cases. Since 27/05/2020, the health authorities

n the Vendée department, located in western France ( Fig. 1 ),

ecommended to systematically screen all residents and profes-

ionals after the identification of a COVID-19 positive case in NH.

oreover, a universal RT-PCR screening was organized in voluntary

H to estimate the invisible reservoir of COVID-19 at the end of

he lockdown. 

In the Vendée department, a total of 71 COVID-19 positive res-

dents and 49 professionals were identified from the 04/01/2020

o the 06/30/2020 in 23 (17%) of the 136 NH, with 8 clusters of

hree cases or more. 3 From the 17/04/2020 to 26/06/2020, 50 NH

ituated in the Vendée department tested a median number of 42

IQR: 15–76) residents and 54 (35–73) professionals by nasopha-

yngeal sample and RT-PCR, totalizing 2003 residents and 2822

rofessionals. (Figure) Overall, 25 (1.25%) residents and 25 (0.88%)

rofessionals were positive for COVID-19, among whom 19 (76%),

nd 22 (88%) asymptomatic, respectively. Among the 14 NH which

ested both residents and professionals to investigate around a

OVID-19 positive resident, 6 (42%) NH did not found any posi-

ive case, 4 (29%) found one to two cases, and 4 (29%) identified

f

ttps://doi.org/10.1016/j.jinf.2020.08.002 
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3 cases. ( Table 1 ) Among the 4 (8%) NH which tested residents

nd professionals to investigate the spread of COVID-19 around

 positive professional, one (25%) NH did not found any positive

ase, two (50%) found one to two cases, and one (25%) NH iden-

ified ≥3 cases. All positive cases were asymptomatic. Among the

2 NH which performed a universal screening in absence of known

OVID-19 positive case on the day of testing, two (6%) identified

ne positive resident. 

These results suggest that 7/14 (50%) NH would have missed

symptomatic residents by testing professionals only to investigate

round a positive resident. Half of NH would also miss cases by

esting residents only. A quarter of NH would have missed one

symptomatic resident by testing all professionals only to inves-

igate the spread around a positive professional. Three facilities

ould have missed from one to three asymptomatic profession-

ls by testing residents only. Finally, 2/32 (6%) NH which per-

ormed a blinded universal testing without any known case would

issed one case. In the literature, 40.7 to 57% of residents/staff

ested positive for SARS-CoV-2 in high prevalence NH were asymp-

omatic on the day of testing. 4–6 Our results suggest a higher rate

f asymptomatic persons (41/50, 82%) in a low incidence context.

ymptom-based screening of NH residents might fail to identify

ll SARS-CoV-2 infections. Asymptomatic NH residents and profes-

ionals might contribute to SARS-CoV-2 transmission. In a post-

ockdown context with an estimated mean daily incidence rate of

.59 COVID-19 cases per 10 0.0 0 0 population, the universal screen-

ng in NH free of known positive case seems inefficient. In such

ontext, supplies should be saved, and adverse effects (pain, com-

lication of nasopharyngeal sampling, logistics, and costs) can be

voided. However, once a facility has confirmed a COVID-19 case,

xtensive testing should be performed for all professionals and res-

dents, and all residents should be cared for using personal protec-

ive equipment. 

eclarations 

Funding: The research was funded by the National Institute

or Health Research Health Protection Research Unit (NIHR HPRU)

n Healthcare Associated Infection and Antimicrobial Resistance at

mperial College London in partnership with Public Health England

PHE). The views expressed are those of the author(s) and not nec-

ssarily those of the NHS, the NIHR, the Department of Health or

ublic Health England. GB has received an Early Career Research

ellowship from the Antimicrobial Research Collaborative at Impe-

ial College London, and acknowledges the support of the Welcome

rust. RA is supported by a NIHR Fellowship in knowledge mo-

ilisation. The support of ESRC as part of the Antimicrobial Cross

ouncil initiative supported by the seven UK research councils, and

lso the support of the Global Challenges Research Fund, is grate-

ully acknowledged. 
eserved. 

https://doi.org/10.1016/j.jinf.2020.08.002
http://www.ScienceDirect.com
http://www.elsevier.com/locate/jinf
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jinf.2020.08.002&domain=pdf
https://doi.org/10.1016/j.jinf.2020.08.002


160 Letters to the Editor / Journal of Infection 82 (2021) 159–198 

Fig. 1. Geographical distribution of the 50 participating nursing home in the Vendée department, France. 

Table 1 

Description of testing results performed to investigate the spread around a COVID-19 positive res- 

ident, professional, and in nursing homes free of case. 

Total Residents Professionals 

Number of NH with screening results 50 35 48 

Screening performed to investigate the spread around a COVID-19 positive resident 

Number of NH with screening results 14 (28%) 14 (40%) 14 (29%) 

Number of NH without positive case identified 6 (42%) 7 (50%) 7 (50%) 

Number of NH with 1 to 2 positive cases identified 4 (29%) 4 (29%) 4 (29%) 

Number of NH with > 3 positive cases identified 4 (29%) 3 (21%) 3 (21%) 

Total number of participants tested 1538 754 784 

Total number of positive cases identified 42 (2.7%) 22 (2.9%) 20 (2.5%) 

Screening performed to investigate the spread around a COVID-19 positive professional 

Number of NH with screening results 4 (8%) 4 (11%) 4 (8.5%) 

Number of NH without positive case identified 1 (25%) 3 (75%) 1 (25%) 

Number of NH with 1–2 positive cases identified 2 (50%) 1 (25%) 2 (50%) 

Number of NH with > 3 positive cases identified 1 (25%) 0 1 (25%) 

Total number of participants tested 410 238 172 

Total number of positive cases identified 6 (1.4%) 5 (2.1%) 1 (0.6%) 

Universal screening in NH free of COVID-19 confirmed case on the day of testing 

Number of NH with screening results 32 (62%) 17 (49%) 30 (62.5%) 

Number of NH without positive case identified 30 (94%) 17 (88%) 30 (100%) 

Number of NH with one positive case identified 2 (6%) 2 (12%) 0 

Total number of participants tested 2897 1011 1886 

Total number of positive cases identified 2 (0.07%) 2 (0.2%) 0 
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ear Editor, 

We read with great interest the study of Chen Y et al., who

nalyzed, during the Chinese epidemic peak, the seroprevalence

f severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)

mong 105 healthcare workers (HCWs) exposed to COVID-19 pa-

ients . 1 They found 17.14% of seropositive asymptomatic or pau-

isymptomatic HCWs although their nasopharyngeal swab samples

ere SARS-CoV-2 RNA negative. Our purpose was to document at

he end of the Belgium epidemic the seroprevalence of SARS-CoV-

 in HCWs exposed to COVID-19 at varying degrees and to com-

are these rates with those observed by other teams worldwide.

nother objective was to highlight SARS-CoV-2 carriage in a priori

ealthy staff members to sensitize them to the need to respect in-

ividual protection measures and distancing to avoid patient con-

amination. 

In Belgium, the COVID-19-outbreak peak was reached on 10

pril 2020. 2 At the end of May, when the epidemic spread was

reatly slowed down, our management decided to offer screen-

ng tests to all staff members ( n = 3145), regardless of their sta-

us and function. The campaign took place from May 25 to June

9, 2020 in the network of Iris hospitals South (HIS-IZZ, Brussels,

elgium), a 550-bed public hospital spread over 4 sites. Participa-

ion was voluntary and regardless of whether the HCW had already

ontracted the disease or not. A questionnaire was prepared focus-
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arge-scale, molecular and serological SARS-CoV-2 

creening of healthcare workers in a 4-site public 

ospital in Belgium after COVID-19 outbreak 
m  
ng on the type of service the participant works in, the practice

f medical procedures potentially at risk for SARS-CoV-2 infection,

ts status, function and perception of being infected or not. People

ith COVID-19 symptoms 3 were excluded from routine screening. 

On the same day, all asymptomatic HCWs who agreed to par-

icipate benefited from both serological and RT-qPCR SARS-CoV-2

ests. The quantitative analysis of IgG antibodies directed against

he S1 and S2 subunits of the virus spike protein was carried out

sing the LIAISON®SARS-CoV-2 IgG kit (DiaSorin, Saluggia, Italy).

his CLIA method was extensively evaluated in our laboratory and

howed 100% sensitivity two weeks after positive qRT-PCR diagno-

is using an adapted cut-off. 4 Equivocal results were confirmed by

 semi-quantitative ELISA method directed against the S1 subunit

pike protein (Euroimmun Medizinische Labordiagnostika, Lübeck, 

ermany). HCWs with a previous COVID-19 documented history

nd a persistent positive RT-qPCR benefited from a viral culture.

tatistical analyses were carried out using MedCalc version 10.4.0.0

MedCalc Software, Ostend, Belgium). A P -value < 0.05 is consid-

red statistically significant. 

During the study period, 1499 staff members participated

47.7%). Table 1 shows the participant characteristics. Among them,

15 workers (14.3%) reported having a function with no contact

ith patients while 1138 (75.9%) have had regular or occasional

ontact. This information was missing for 146 (9.7%). Among all

orkers, having had contact with patients, 838 had contacts with

OVID patients: 205 worked in a COVID emergency department (of

hich 54.6% regularly), 399 worked in a COVID hospitalization unit

of which 54.9% regularly) and 234 worked in an intensive care

nit (47.4% of them on a regular basis). Sixty-one performed bron-

hoscopies and 119 intubated patients (45.9% and 61.3% regularly).

ne hundred and eighty (12.0%) thought they were infected with

ARS-CoV-2, 630 (42.0%) did not, 612 (40.8%) did not know and 77

5.1%) did not answer. 

A negative serology ( < 6.1 AU/mL) was observed in 1093 people,

06 were positive ( > = 15 AU/mL) and 200 were equivocal. Among

he equivocal results re-tested with the second (ELISA) method,

1 were positive, 175 were negative and 14 remain undetermined.

he overall seroprevalence reached 14.6% (217/1485). Seropreva-

ence was 53.9% in HCWs who thought they had the disease, 7.1%

or those who did not and 9.6% for those who doubted. 

The median values [95% IC] of the UA/mL were signifi-

antly higher in HCWs who thought they had become ill (16.2

10.6–24.2]) compared to others (4.1 [3.9–4.2]) ( P < 0.0 0 01, Mann-

hitney U test). No difference was found between people with

egular patient contact and those with none ( P = 0.0522, Mann-

hitney U test). Seroprevalence was higher in HCWs in COVID

nits (COVID hospitalization units, COVID emergencies, intensive

are) compared to the ones in non-COVID units: 13.5% versus 12.6%

 P = 0.0 0 07, Chi-square). Fig. 1 shows the quantitative results of

erology in 4 HCW groups with various exposure levels. 

Among the 1499 samples sent for molecular diagnosis, 13 were

ositive, 1479 negative and 7 invalid. Amid the 13 HCWs, 5 had al-

eady a positive RT-qPCR result in the past. The median value of

he delay between the first and the second RT-qPCR was 63 days

min-max: 50–67). Twelve people with positive RT-qPCR agreed

o undergo a new sampling for viral-culture assessment. All came

ack negative meaning the RT-qPCR identified residual debris of vi-

al RNA rather than living viruses. Among people with previously

ocumented infection, 47 had positive serology, 5 had no antibod-

es and 2 were equivocal. 

During the COVID-19 pandemic, several studies were conducted

n HCWs, based on molecular and serological testing. Hunter et al.

erformed a massive PCR screening of UK healthcare personnel,

hich showed 14% positivity, but without serological documenta-

ion. 4 Korth et al. reported low seroprevalence (1.6%) in 316 Ger-

an HCWs. 5 Our seroprevalence result of 14.6% is closer to that

mailto:gabriel.birgand@chu-nantes.fr
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Table 1 

. Population characteristics. 

Demography 

Males ( N = 414) 

Age min 

Age max 

Age (median ; 95% CI) 

21.9 

71.9 

47.45 ; 46.00–48.84 

Females ( N = 1085) 

Age min 

Age max 

Age (median ; 95% CI) 

21.6 

72.7 

43.90 ; 42.80–45.10 

Type of occupation N 

% positive 

serology 

Nurse, Caregiver, Dietitian, 

Midwife, Occupational 

therapist, Psychologist, Social 

worker 

588 19.2% 

Medical doctor, Dentist, 

Physiotherapist, Logopedist 

323 11.8% 

Pharmacist, Administrative 

staff, IT 

320 9.1% 

Maintenance staff, Technical 

services 

134 16.4% 

Imaging technologist, 

Laboratory technologist 

61 6.6% 

Other 17 11.0% 

Not specified 56 19.6% 

COVID-19 exposure (patient 

exposed personnel only) N 

% positive 

serology 

Workers at least once exposed 

to COVID-19 patients 

550 13.5% 

Workers never exposed to 

COVID-19 patients 

588 12.6% 

Status of the workers N 

Employee 1178 

Self-employed 297 

Not specified 24 

Fields of occupation regular intermittent 

% positive 

serology 

COVID inpatient unit 219 180 24.3% 

Intensive care unit 111 123 13.2% 

COVID emergencies 112 93 14.6% 

Non-COVID emergencies 98 86 18.5% 

Non-COVID inpatient 

unit/Other services with 

patient contact 

800 306 14.4% 

Other services without patient 

contact 

250 67 10.5% 

Not specified 146 11.0% 

Procedures at risk regular intermittent 

% positive 

serology 

Bronchoscopies 28 33 4.9% 

Intubations 73 46 9.2% 

Other ∗ 174 39 17.4% 

Legend: "Regular" means being assigned to a care unit or to perform a technical act and "in- 

termittent" means providing voluntary or on-demand assistance to work in a care unit or to 

perform a technical act. 
∗ Medical procedures potentially at risk of SARS-CoV-2 transmission: dental or stomatol- 

ogy care ( N = 19); upper respiratory and digestive tract endoscopies (ENT fibroscopy, trans- 

esophageal ultrasound, gastroscopy) ( N = 40); aerosol procedures (respiratory physiotherapy, as- 

pirations, etc.) ( N = 89); other procedures at risk (COVID smear, etc.) ( N = 52). 

 

 

 

 

 

o  

t

 

g  

t  
reported by Chen et al. 1 To the best of our knowledge, seropreva-

lence in HCWs after the epidemic peak was never studied in as

many participants. At the end of May, the Belgian Public Health

Institute, Sciensano, assessed the seroprevalence of HCWs at 8.4%

among 785 samples. 6 The difference between our results and those

m  
f Sciensano can be explained by the outbreak evolution which led

o seroprevalence increase. 

Unexpectedly, our screening campaign failed to identify a sin-

le new case of COVID-19 among the participants. People posi-

ive to RT-qPCR were not living-virus carriers. This confirm that

olecular methods can give positive results at a distance from
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Fig. 1. Distribution of AU/mL in HCWs with varying degrees of exposure to SARS-CoV-2. 1: COVID units only; 2: Mixed COVID and non-COVID units; 3: No contact with 

patients; 4: Non-COVID units only. Dashline: cut-off of positivity. 

A P-value < 0.05 is significant. 

a  

l  

d  

T  

l  

o  

t  

n

E

 

i  

a  

m  

b  

t  

y  

t

D

A

 

I  

t  

s  

a  

p  

t

R

[  

 

[

[  

 

[  

 

 

[  

 

 

[  

 

 

 

 

 documented infection with an up to 67-day delay. Seropreva-

ence is higher than that documented by Sciensano during the epi-

emic peak and higher among HCWs who worked in COVID units.

his shows that it is important to re-evaluate national seropreva-

ence in both the general population and HCWs at the end of the

utbreak, especially as SARS-CoV-2 infection may be paucisymp-

omatic or asymptomatic and therefore infected people might ig-

ore their status. 

thical statement 

The study design, the procedure of results communication, the

nformation circular and the questionnaire have been submitted to

nd approved by our hospital’s ethics committee (ethical agree-

ent number: CEHIS/2020–19). An informed consent form has

een requested from each participant, guaranteeing anonymity of

he data and requesting permission to use them for statistical anal-

sis. Out of respect for everyone’s privacy, the participant was free

o not answer to certain questions. 
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Dear Editor, 

Since the discovery of coronavirus disease 2019 (COVID-19),

there have been numerous evidences supporting the pathogenic

role of chronic comorbidities in the prognosis of infections, includ-

ing the study by Galloway et al., 1 however, with the extent of the

risk remained controversial. 2–6 The existing univariate models do

not adequately distinguish between risk due to age and that due to

increased presence of co-morbidities in older patients, thus these

assessments of real effect from comorbidities are inevitably con-

founded. Here by performing a retrospective multi-center study,

we try to evaluate the adjusted effect of the common preexist-

ing comorbidities on COVID-19 related death, based on which, the

therapy effect of three widely used anti-hypertension drugs were

assessed. 

From 18 January to 24 February 2020, 1138 confirmed COVID-

19 patients consisting of 920 survivals and 218 deaths from three

designated hospitals for COVID-19 treatment in Hubei province

were included for analysis (Table S1). The presence of comorbidi-

ties was reported in 49.12% (559/1138) of the total patients, with

significantly higher frequency in the deceased than in the survivals

(77.06% vs. 42.50%, P < 0.001; Table S1). As a whole, hyperten-

sion was the most prevalent comorbidity (32.95%), followed by

diabetes mellitus (DM, 15.64%) and chronic heart diseases (CHD,

9.31%). The chronic obstructive pulmonary diseases (COPD), ma-

lignancy, cerebrovascular diseases (CVD), chronic kidney diseases

(CKD), and chronic viral hepatitis (CVH) were less frequent, with

prevalence ranging from 2.11% to 6.41%. By multivariate logistic re-

gression model adjusting age, sex, and delay from symptom onset

to hospital admission, six comorbidities showed significant associ-

ations with the disease outcome, with malignancy exhibiting the

highest risk of death, followed by CKD, CVD, hypertension, CHD,

and DM ( Fig. 1 A and Table S2). 

An age-stratified analysis revealed the effect of comorbidities

on death was reduced as the age increased. Among the patients

≤60 years, CVD had the highest effect on death, followed by hy-

pertension. Among the patients aged 60–70 years, only malignancy

and DM were related to fatal outcome. Among the patients aged

> 70 years, none of the eight comorbidities demonstrated the sig-

nificant association with fatal outcome. The sex-stratified analysis

disclosed that male patients presenting with any of the three co-
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Comorbidities for fatal outcome among the COVID-19 

patients: A hospital-based case-control study 
orbidities (hypertension, DM, or CVD) had an increased risk of

eveloping fatal outcome, in contrast, female patients presenting

ny of the four comorbidities (CHD, COPD, malignancy, or CKD)

ad an increased risk of fatal outcome (Table S3). 

For patients with isolated DM, four parameters displayed signif-

cantly higher abnormal levels than those without any comorbidity,

.e., fibrinogen, activated partial thromboplastin time, prothrombin

ime and IL-6 ( Fig. 2 A–D). For patients with isolated hypertension

han those without, five laboratory indicators were deviated from

ormal value with greater extent, i.e., higher levels of D-dimer,

brinogen degradation products, lactic dehydrogenase (LDH)

nd neutrophil percentage, and lower lymphocyte percentage

 Fig. 2 E–I). 

Among the 1138 patients, 149 (13.09%) had two coexisting

omorbidities (Table S1), with hypertension-DM most frequently

bserved (Table S4). Fifty-seven (5.01%) had three coexisting co-

orbidities, and 27 (2.37%) had four or more. The coexisting of

ultiple comorbidities had significantly increased the risk of death

 Fig. 1 B and Table S5). In the multivariate analysis, over 4-fold

isk of death was observed in the patients with ≥3 comorbidities.

ge-stratified analysis again revealed the effect of comorbidities on

eath was reduced as the age increased. 

Forty-one (50.00%) of 82 fatal patients had taken calcium chan-

el blocker (CCB) drugs, significantly lower than those among the

urvived (68.15%, 92/135; Table S6). The effect of CCB drugs on re-

ucing fatal outcome was shown to be significant. The use of an-

iotensin receptor blockers (ARBs) or angiotensin converting en-

yme inhibitors (ACEIs) was comparable between the fatal patients

24.39%, 20/82) and the survivals (24.44%, 33/135), showing no ef-

ect in reducing risk of death. Decreased levels of fibrin degrada-

ion product, D-dimer, C-reactive protein, IL-6 and LDH, less inci-

ence of leukocytosis, and more rapid recovery of lymphocytes and

eutrophils percentages were observed in the patients with CCB

rugs treatment ( Fig. 2 J–Q). The patients who regularly received

ral hypoglycemic agents or insulin treatment had over 70% re-

uced risk of death without significance (Table S6). 

As is known, mechanisms that lead to hypertension, DM, and

VD were increasingly recognized to overlap with pathways that

egulate immune function. Most importantly, older age is an im-

ortant risk factor for these conditions and the effect of aging

n immune function was equally important for COVID-19 severity.

herefore, the effect of age was mixed with those from the comor-

idities, resulting in heterogenicity of effects among age groups.

or those aged > 70 years, none of the underlying condition played

ole in affecting the outcome any more. It’s suggested that old age

ad exerted the strongest effect on death, that all effects from the

omorbidities could be compromised when the patients are old

nough. 

DM was found to be a strong risk factor for adverse out-

ome, with its risky effect also observed in those aged 60–70

ears, which was reported for the two earlier CoV infections,

evere acute respiratory syndrome 7 and the Middle East respi-

atory syndrome. 8 In this study, inflammation-related biomarker

uch as IL-6, was elevated to a significantly higher level among

he DM patients, indicating more intense induction of inflamma-

ory storm. It is suggested accordingly that the anti-inflammatory

rugs in treating diabetes-COVID-19 should be proposed. Moreover,

he higher risk of diabetes-COVID-19 death could also be reduced

y good glycaemic control, as displayed by the therapy effect of

nsulin. 

RAAS blockade might decrease proinflammatory activity of

ng II, decreasing the risk of ARDS, myocarditis, or mortality in

OVID-19. 9 , 10 We provided evidence that CCB drugs offered ben-

ficial effect of reducing risk for fatal outcome in hypertension-

OVID-19 patients, mostly mediated through enhancing the recov-

ry of abnormal parameters and reducing host inflammatory re-

mailto:mtrehardy@his-izz.be
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Fig. 1. Distribution of comorbidities and ORs for fatal outcome of the COVID-19 patients. 

Association between each comorbidity and risk of fatal outcome was shown in Panel A, and association between multiple coexisting comorbidities and risk of fatal outcome 

was shown in Panel B. The numbers of multiple coexisting comorbidities are classified as zero, one, two, three, and four or more. The number of the COVID-19 patients is 

shown to the left of column. The dots are the odd ratios (ORs) and the error bars are the 95% confidence intervals; the red color represents P < 0.05 and the gray color 

represents P ≥ 0.05. For the model with all the patients, the adjusted ORs are calculated with the use of multivariate logistic regression model by adjusting age, sex and the 

delay from symptom onset to hospital admission. For the models with the patients stratified by age, only sex and the delay from symptom onset to hospital admission are 

adjusted. Three age groups are stratified as ≤ 60 years, 60–70 years, and > 70 years. The dotted line indicates an OR of 1. DM, diabetes mellitus; CHD, chronic heart diseases; 

CVD, cerebrovascular diseases; CKD, chronic kidney diseases; COPD, chronic obstructive pulmonary diseases; CVH, chronic viral hepatitis. 
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ponse that had been proven to aggravate the disease severity.

ence the current study provided further pharmacoepidemiologic

ata supporting the effect of CCBs in treating SARS-CoV-2 infection

ombined with hypertension. 

In conclusion, the comorbidities significantly affected the out-

ome of OCVID-19 but were age-dependent. The anti-hypertensive

reatment, especially CCBs can offer beneficial effect in reducing

he mortality of COVID-19. 
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Fig. 2. Coagulation and inflammation-related biomarkers in the patients of COVID-19 and among the COVID-19 patients with hypertension under three different medications. 

The gray, red, and blue boxes represent the COVID-19 patients without any of the eight comorbidities, only with hypertension, and only with diabetes above the black line, 

respectively; the gray, red, and blue boxes represent no drug use, calcium channel blocker (CCB) drugs treatment, and other antihypertensive drugs treatment in the COVID-19 

patients with hypertension under the black line, respectively. A, fibrinogen (FIB); B, activation of partial thrombin time (APTT); C, prothrombin time (PT); D, interleukin 6 (IL- 

6); E, D-Dimer; F, fibrinogen degradation products (FDP); G, lactate dehydrogenase (LDH); H, neutrophil percent; I, lymphocyte percent; J, fibrinogen degradation products 

(FDP); K, D-dimer; L, C reactive protein (CRP); M, interleukin 6 (IL-6); N, lactate dehydrogenase (LDH); O, white blood cell (WBC); P, lymphocyte percent; Q, neutrophil 

percent. The star ( ∗) means P < 0.05 between two groups. Three stages were classified based on the days from symptom onset: 1–10 days, 11–20 days and 21–30 days. Other 

antihypertensive drugs include angiotensin receptor blockers, angiotensin converting enzyme inhibitors, β-blockers, and thiazide. 
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o the Editor, 

Recently, there have been some papers of coronavirus disease

019 (COVID-19) reported in this journal, which focused on mobile

ealth technologies. 1 The COVID-19 pandemic has precipitated a

lobal crisis due to the continued absence of a vaccine or cure, af-

ecting more than 200 countries and areas, with more than 10 mil-

ion confirmed cases and more than 0.5 million confirmed deaths

lobally by 4 July 2020. 2 China is one of the countries that has

ontained COVID-19 propagation and almost stopped indigenous

ransmission. Mobile health, a comprehensive strategy that uses

obile apps, sensors, social media, and location tracking tech-

ologies to obtain medical data and to provide health services,

layed a major role in tackling COVID-19 epidemic. 3 We explore

hina’s application of three mobile health technologies to replen-

shing traditional public-health and social approaches for mitigat-

ng and suppressing COVID-19, including (1) Internet hospital, (2)

act-check and information-release platform, and (3) infection risk

core ( Fig. 1 ). 

Internet hospitals alleviate the unavailability, inaccessibility, and

nequity of health services during the outbreak. Health services

ad been overwhelmed by the rapid and widespread person-

o-person transmission, and could not be accessed due to strict

uarantine, isolation, and lockdown policies. Internet hospitals

rovided telemedicine-based consultation for both COVID-19 and

ommon chronic diseases, psychological counseling, and health ed-

cation via smartphone apps and hospitals’ official websites. 4 This

s a possible solution to delivering routine health care without

OVID-19 exposure risk and to avoiding unnecessary hospital con-

ultations for patients with mild flu symptoms. During the epi-

emic, the health services delivery by Internet hospital increased

7 times over the same period last year. 5 From January 1 through

pril 30, 2020, a total of 146 Internet hospitals were launched,

ccounting for about 30% of the total. 6 Several innovations and

ollaborations empower Internet hospital to combat COVID-19. Ar-

ificial intelligence-aided online medical chatbots were employed

o decrease physicians’ workloads and to enhance capabilities to

riage suspected patients. Blockchain companies and pharmacies

ere cooperated with Internet hospitals to deliver prescription

rugs to patients’ doorsteps. A large number of doctors, including

edical students, newly registered at Internet hospitals, provided

oluntary consultations and addressed public inquiries. The author-

ties issued regulations requiring that eligible "Internet + " medical

ervice fees be covered in medical insurance payments. 7 

Fact-check and information-release platforms reduce the spread

f misinformation. We’re not just fighting an epidemic; we’re fight-

ng an infodemic. 8 Digital social networks play an unprecedented

ole in health information communication because of physical dis-

ancing and near-complete global lockdown. Users in the self-

edia era increasingly see influencers within their peer networks

s trustworthy sources of information. However, this method lacks

xpertise and responsibilities related to information inspection and

issemination, thus fostering the spread of misinformation which

estabilizes public trust and further imperil public health. The Chi-

ese governments and health bodies cooperated with social media

iants Sina, and Tencent to take action to eliminate misinforma-

ion, such as flagging, fact-checking, and even removing false or

utdated information, and to provide trustworthy sources of on-

oing updates for COVID-19 about transmission, diagnosis, treat-

ent, and policies. The fact-check and information-release plat-

orms leverage their efforts to flatten the curve of misinformation

nd to elevate facts over fiction so as to not incite panic amongst

he public. 
obile health technology combats COVID-19 in China 
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Fig. 1. Application of Mobile Health Technology in China during the COVID-19 epidemic and beyond. This figure presents a simplified view of the workflow of mobile health. 

The Internet of Things (IoT) communicates with the individual’s smartphone via Bluetooth or Wi-Fi. The databases include household registration information, drug purchase 

records, medical records, travel history and other data. Once on the phone, those passive data combined with active data reported by individuals can be displayed in the 

app or can be sent up to the cloud storage. This cloud “backend” stores data and can apply artificial intelligence (AI) algorithms as well as big data analytic techniques to 

generate predictions, visualizations, or decision support. The cloud output can then be delivered back and displayed on a mobile phone app or website that is accessible 

to individuals and available to the relevant personnel after authorized. Internet hospitals provided telemedicine-based consultation and medication delivery services, and 

the cost can be reimbursed by medical insurance. The governments and health agencies partnered with social media companies to eliminate misinformation and to provide 

trustworthy information. The integration of active self-reported health status and passive background creates an infection risk score system, also known as health QR codes. 

Now citizens are required to hold a “green” code for entering public facilities, workplaces, schools, or traveling. 
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The infection risk scoring systems facilitate restoring the or-

der of production and life. While the outbreak continues to ease,

work and production resumption has been a key priority in China.

The national government service platform and the local govern-

ments combined history of individuals’ locations, medical infor-

mation, and medication purchase records to create infection risk

scoring systems, what is called the health QR codes, embedded in

widely used apps such as Alipay and WeChat. The health QR codes

are generally divided into three colors: green, yellow, and red. Yel-

low or red indicates that the resident has not passed the health

check because of one of the following reasons with 14 days: fever

clinic visits records, fever-reducing drugs purchase records, travel

history in high-risk regions, close contacts of confirmed or sus-

pected cases, or physical symptoms when filling in an application

form. 9 Now citizens are required to have a “green” code when en-

tering public facilities, workplaces, or traveling. Active voluntarily

self-reported data on health status via daily one-minute surveys

complement passive background-based health QR codes. Besides,

coronavirus nucleic acid detection and paper certificates were used

as supplementary measures for those uncertain residents. The use

of the health QR codes have overcome the fragmentation of tradi-

tional data collection and greatly promoted the government’s pre-

cise measures in epidemic prevention and control and resumption

of work and production in an orderly fashion. 

Although the mobile health technology-enabled approaches will

definitely play an unprecedented role during and after the COVID-

19 pandemic, we still need to pay attention to their potential lim-

itations, including intergenerational differences in smart devices

ownership and the digital divide in media access. Digital refugees

are groups that are far from digital technologies due to economic,

social, and cultural reasons. Mobile health is based on smart-

phones, but nearly 40% of Chinese are not mobile Internet users,

including two categories: owning a mobile phone but not surfing

the Internet, and not owning a mobile phone. In the process of dig-
tization, we must consider that these digital refugees, such as the

lderly, provide them with alternative solutions so that they will

ot be left by mobile health. 
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ear Editor, 

Since the initial reports of COVID-19 disease outbreak in

uhan, China, it has continued to spread rapidly with cases iden-

ified in virtually all countries, worldwide. 1 The population is gen-

rally susceptible to SARS-CoV-2, including children and pregnant

omen, and medical staffs are a high-risk population for this dis-

ase. In this journal, Chen et al. have reported the high SARS-CoV-2

ntibody prevalence among healthcare workers exposed to COVID-

9 patients. 2 Here we would like to share our finding about the

erum antibodies analyzed in a special group of pediatric medical

orkers exposed to varying levels of SARS-CoV-2 after Wuhan se-

ere epidemic of COVID-19. 

A preliminary study suggests children can be infected with

ARS-CoV-2 like adults but are less likely to be symptomatic or

evelop severe symptoms. 3 , 4 The asymptomatic or mildly symp- 

omatic children might transmit the disease. 5 Therefore they are

ested for SARS-CoV-2 less often than adults, leading to an un-

erestimate of the true numbers of children infected. 6 Labora-

ory tests play a pivotal role in the diagnosis and management

f COVID-19; the current gold standard being real-time reverse

ranscription polymerase chain reaction (rRT-PCR) on respiratory

ract specimens. 7 The measurement of specific COVID-19 antibod-

es (both IgG and IgM) should serve as an additional, non-invasive

ool for disease detection and management, especially in patients

ho present late, with a low viral load. Due to the high in-

ection rate of medical workers and the uncertainty of child-to-

erson transmission, we chose a special group of pediatric medical

orkers as the research subjects to investigate their infection sta-

us with SARS-CoV-2 and analyze possible causes. This study also

elps clarify the potential of different immunological techniques

or antibody detection as an auxiliary diagnosis of COVID-19. 

On March 19–20, 2020, pediatric medical workers ( n = 325)

n one hospital but not the designated hospital for COVID-19 in

uhan were recruited. They were divided into three groups de-
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mmunological detection of serum antibodies 

n pediatric medical workers exposed to varying 

evels of SARS-CoV-2 
ends on their level of contact with confirmed and/or suspected

OVID-19 cases during the outbreak: i. close contact group (contact

ith confirmed and/or suspected cases of COVID-19), ii. non-close

ontact group (contact only with non-COVID-19 patients), and iii.

on-contact group (no contact with any patients). Three different

mmunological detection methods were used to measure SARS-

oV-2 serum antibodies: colloidal gold-based detection, enzyme-

inked immunosorbent assay (ELISA), and dual-target immuno-

uorescence assay (DTFA) (details in the Supplementary methods).

he overall positive rate for SARS-CoV-2 IgG and IgM antibodies

n the pediatric medical workers was 43.08 and 5.85%, respec-

ively. For the close contact, non-close contact, and non-contact

roups, respectively, the DTFA positive rates for IgG were 41.36,

4.68, and 12.50% ( p < 0.05), and the ELISA positive rates for IgG

ere 34.55, 10.91, and 4.17% ( p < 0.05) and 8.38, 0.91, and 0% for

gM ( p < 0.05). Colloidal gold detection results were negative for

gG and only two participants tested positive for IgM, both in the

lose contact group ( Table 1 ). It suggests the colloidal gold detec-

ion kit used in this research is not sensitive enough to be useful in

ccurate antibody detection, whereas the DTFA and ELISA positive

ate performed similarly. 

We further conducted a multivariate logistic regression analysis

sing antibody results as the independent variables to investigative

he relationship of positive serum antibody results, with the per-

ormance of aerosol procedures, exposure levels to COVID-19 cases,

linical symptoms (including fever, cough, headache, stuffy nose,

unny nose, sneezing, pharyngalgia, diarrhea, fatigue, etc.), chest

T imaging changes, and age of participant ( Table 2 ). The results

howed that participants who had performed an aerosol procedure

ad a 2.70-fold higher risk of testing positive, and with each addi-

ional level of exposure to COVID-19, the risk of testing positive for

ntibodies increased 5.26-fold. None of the antibody positive par-

icipants contained neutralizing antibodies in their serum maybe

ause of the low viral load exposure. 

After one more month at the end of April, 70 of the 325 par-

icipants who had a positive result using any of the above test

ethods volunteered to participate in a retest of IgG/IgM for SARS-

oV-2. Positive results were observed for 33 of the 70 (47.14%) par-

icipants when they were first tested for rN-IgG and rRBD-IgG by

TFA, and 30 of the 33 (90.91%) participants became negative or

eakly positive by the same detection method one month later.

eanwhile, 47 of the 70 (67.14%) participants tested positive when

hey were first retested for rN-IgG by ELISA; 41 of the 47 (87.23%)

ecame negative or weakly positive when similarly tested again

ne month later. Eleven of the 70 (15.71%) participants tested posi-

ive when they were first tested for rRBD-IgM by ELISA, 4 of the 11

36.36%) became negative or weakly positive one month later. Al-

hough we cannot clearly track antibody kinetics for asymptomatic

nfections, we can observe that the majority of participants with

ositive IgG antibodies had a significant decline in antibody levels

fter one month. That means the SARS-CoV-2 antibodies diminish

o near undetectable levels within two months. 

This research revealed that pediatric medical workers are a

igh-risk group for infection by SARS-CoV-2, and the higher the

xposure levels to COVID-19 patients and aerosol production, the

reater chance of being infected. Meanwhile, we found that pedi-

tric workers had lower levels of IgG antibodies than patients with

OVID-19. 2 Children-to-person transmission is almost inevitable,

ut pediatric medical workers often have no or only mild clini-

al symptoms and also cannot produce enough antibodies to neu-

ralize the virus. The antibody protection that healthcare workers

btained after infection by SARS-CoV-2 in this study, could not be

aintained for a long time and no NAbs were detected to provide

hem with sufficient protection. 
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Table 1 

Test results of serum antibodies in pediatric medical workers exposed to different levels of SARS-CoV-2. 

DTFA ELISA Colloidal Gold Detection 

Total 

positive 

rate of 

IgG% 

Total 

positive 

rate of 

IgM (%) rN-IgG rRBD-IgG 

Total 

positive 

rate of 

IgG (%) rN-IgG 

rN-IgG 

positive 

rate (%) rRBD-IgM 

rRBD-IgM 

positive 

rate (%) 

IgG 

positiverate 

(%) 

IgM 

positive 

rate (%) 

All participants 43.08 

(140/325) 

5.85 

(19/325) 

1076.52 ±1153.14 738.42 ±988.99 30.25 

(98/324) 

0.13 ±0.16 24.31 

(79/325) 

0.06 ±0.04 5.23 

(17/325) 

0.00 

(0/325) 

0.62 

(2/325) 

Close contact group 58.12 

(111/191) 

9.42 

(18/191) 

1308.98 ±1323.92 958.49 ±1188.43 41.36 

(79/191) 

0.16 ±0.20 34.55 

(66/191) 

0.06 ±0.05 8.38 

(16/191) 

0.00 

(0/191) 

1.05 

(2/191) 

Non-close contact group 22.73 

(25/110) 

0.91 

(1/110) 

784.02 ±791.23 434.45 ±463.47 14.68 

(16/109) 

0.08 ±0.06 10.91 

(12/110) 

0.06 ±0.04 0.91 

(1/110) 

0.00 

(0/110) 

0.00 

(0/110) 

Non-contact group 16.67 

(4/24) 

0.00 

(0/24) 

587.58 ±362.93 385.63 ±282.21 12.50 

(3/24) 

0.07 ±0.04 4.17 

(1/24) 

0.05 ±0.02 0.00 

(0/24) 

0.00 

(0/24) 

0.00 

(0/24) 

F or χ2 43.02 10.80 10.28 12.35 27.29 9.95 26.93 1.36 9.28 – 1.41 

p 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.26 0.01 – 0.49 

Table 2 

Multivariate logistic regression analysis of positive antibody tests. 

Variables in the equation 

B SE Wald df Sig. OR 

95% Confidence interval of OR 

Lower Upper 

Step 1 Aerosol operation .992 .297 11.118 1 .001 2.696 1.505 4.828 

Exposure levels 1.660 .298 31.142 1 .0 0 0 5.262 2.937 9.428 

Clinical symptoms .109 .281 .150 1 .698 1.115 .643 1.935 

Chest CT imaging changes .492 1.028 .229 1 .632 1.636 .218 12.267 

Age .015 .017 .754 1 .385 1.015 .982 1.048 

Constant −5.846 .871 45.015 1 .0 0 0 .003 

B: Regression coefficients; SE: Standard error; Wald: Chi-square value; df: Degrees of freedom; Sig: Significance; OD: Odds Ratio. 
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n  
ear Editor, 

There is currently no WHO approved method for counting and

oding deaths attributable to COVID-19. Since the start of the pan-

emic, Public Health England have counted all deaths from individ-

als who have tested positive for SARS-CoV-2 at any time as being

ttributable to COVID-19, which has resulted in recent debate. 1 Ex-

eriences such as these highlight the ongoing challenges of coding

nd modelling the COVID-19 pandemic as we move past the initial

eak and societal restrictions are relaxed. 

Here we describe the changing profile of hospital admissions

nd readmissions, and its potential impact on modelling. In the UK,

oth the incidence and mortality burden associated with COVID-19

eaked in April 2020 and have subsequently declined. 2 NHS trusts

re now facing new challenges as the UK transitions to the next

tage of the pandemic. In particular, there is a pressing need to re-

pen non-COVID-19 clinical services safely. As national incidence

alls, a clear understanding of the profile of newly admitted SARS-

oV-2 positive patients over time would help hospital trusts focus

esources and plan for re-introduction of services. 

Imperial College Healthcare NHS Trust (ICHT) is a large central

ondon trust which, by 7th July, had successfully discharged 1283

OVID-19 patients, with 427 deaths. At ICHT, reported COVID-19

dmission numbers returned as part of National Health Service sit-

ation reporting remained high despite anecdotal clinical experi-

nce that numbers of acute admissions were falling. This – and

ther possible anomalies in national level data available to one of

he authors (SJB) – led to an urgent public health request to ex-

mine ICHT data in detail. This was approved by the Trust’s Chief

linical Information Officer and Caldicott Guardian. 

We speculated that patients with historic, or incidental, infec-

ions were being included in daily admission figures by automated

ata feeds, with a consequent potential impact on modelling and

ervice planning. We compiled a list of patients who had been

eported under ‘Number of confirmed COVID-19 patients admit-

ed with COVID-19 in last 24 h (total)’ in daily situation reports

ver a 6-week period following the peak of hospital admission (8th

pril to 19th May 2020). This included patients who were admitted

o hospital with a historic laboratory diagnosis of SARS-CoV-2 or

ere diagnosed within 24 h of their hospital admission. Electronic
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hanges in the hospital admission profile of COVID-19 

ositive patients at a central London trust 
ecords were reviewed for date of relevant admission and initial

CR diagnosis. We examined clinical notes to determine the reason

or admission, which was categorised into six groups: acute COVID-

9 infection; a complication from previous COVID-19 infection;

ncidental SARS-CoV-2 diagnosis with unrelated presentation; pre-

ious COVID-19 diagnosis not related to current admission; transfer

nto trust with pre-existing COVID-19 diagnosis; and no evidence

f clinical or PCR diagnosis of COVID-19. Categorisation was deter-

ined based on presenting symptoms, imaging, blood results, and

he medical notes. Fourteen miscategorised patients without clin-

cal or laboratory evidence of COVID-19 were removed from the

nalysis. 

A total of 319 admissions comprising 314 individual patients

ere included in the analysis ( Fig. 1 ). We observed a drop in re-

orted weekly COVID-19 admissions from weeks 1 to 3, followed

y a stabilisation in weeks 4 to 6. Notably, we observed a clear

hange in admission profile over time. For the week of 13th-19th

ay, the interval between diagnosis and admission was 37 days

18.5–49.3) days (median, IQR), compared with 0 (0–6) days for

th-14th April. This was due to a fall in the numbers of true acute

OVID-19 disease. However, admission figures appeared to be sus-

ained by patients miscoded as acute COVID-19. These included pa-

ients with a historic diagnosis of COVID-19 readmitted with an

nrelated condition; those admitted with complications of COVID-

9 (e.g. venous thromboembolism, deconditioning); repatriations

r inter-hospital transfers; or asymptomatic patients with an in-

idental finding of SARS-CoV-2 on naso-pharyngeal screening. 

The majority of readmissions with complications had ongoing

espiratory symptoms in the absence of proven venous throm-

oembolism (16/31; 52%). This is similar to a recent letter in this

ournal looking at readmissions at a London trust 3 and suggests

hat patients were being discharged optimistically from their pri-

ary admission. Deconditioning in the elderly was the second

ommonest complication (8/31; 26%) and suggests that clinical and

ocial care post-discharge was not able to meet expectations. Inter-

stingly, the number of incidental new diagnoses persisted beyond

he drop in acute admissions. This is likely due to an increase in

creening of asymptomatic patients, or a reflection of prolonged

CR positivity following infection. 

We were concerned that some patients diagnosed over 24 h af-

er their admission would be missed. Indeed, on examination of

dditional trust data, 31 patients over the 6-week period were di-

gnosed beyond 24 h and would not have appeared in our dataset.

e expect most of these unaccounted patients to be acute diag-

oses in April, which would amplify our findings rather than con-

radict them. 

These findings raise two key points. Firstly, the potential im-

act on epidemiology and disease modelling. Miscategorisation of

OVID-19 admission profiles may cause an overestimate of acute

isease and estimates of community transmission. The daily report

tudied here was created by semi-automated data processing. As

he epidemic proceeded, the original logic underpinning the design

f data systems became detached from subsequent requirements

nd expectations as central data requests developed and strategies

round testing evolved. Trusts with higher levels of digital func-

ioning may be more vulnerable to unidentified errors in coding,

ompared with smaller or less digitally advanced institutions. Pol-

cymakers must repeatedly ensure clarity in definitions and guid-

nce documents and trusts must regularly review data collection

outines. 

Secondly, these data are relevant to planning reconfigured ser-

ices, suggesting that even as acute COVID-19 admissions fall, there

ill be a constant flow of patients with previous diagnoses. Trusts

ust urgently develop clear pathways for readmissions and inci-

ental diagnoses as non-COVID-19 services are being reintroduced

ationwide. Key to this will be research on length of infectivity,

https://doi.org/10.1016/j.jinf.2020.07.023
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jinf.2020.07.022&domain=pdf
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Fig. 1. Number of patients in each diagnostic category for weekly COVID-19 admissions to ICHT from 8th April to 19th May 2020. 
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given most patients with a previous diagnosis of COVID are now

presenting over a month following their initial diagnosis, and the

risk of re-infection. 
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e  

p  
ear Editor, 

Harms and colleagues advised a single dose of doxycycline to

revent Lyme disease from a Ixodes ricinus tick bite. 1 Using a

odified-intention-to-treat analysis, the authors that reported a

ingle 200 mg dose of doxycycline resulted in a 67% relative risk

eduction for the subjects in the treatment arm. 

However, due to issues of trial design and execution, the actual

enefit is difficult to determine. A 52% loss of subjects following

andomization is high. The study employed an open-label design

nd allowed subjects in the prophylaxis group who developed an

rythema migrans lesion within 72 h of the bite to cross over to

he no treatment group in order to allow for full antibiotic treat-

ent. The use of a modified-intent-to-treat analysis instead of an

ntent to treat protocol also weakens the investigators’ conclusion. 

For the record, the trial design in the tick bite prophylaxis study

y Nadelman and colleagues did not allow the investigators to

raw any conclusions regarding the prevention of Lyme disease. 2 

t that study, the primary end-point was prevention of an EM rash

t the bite site. Three patients with symptoms of early Lyme dis-

ase and evidence of seroconversion were not identified as disease

ositives because they lacked an EM at the bite site. The six-week
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nsufficient evidence to advise a single dose of doxycycline 

o prevent Lyme disease from an Ixodes tick bite. 
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s  
ear Editor, 

The prevention and control of SARS-CoV-2 has entered a criti-

al period. Recent one paper in this journal also discussed weather

ualitative RT-PCR be used to determine release from isolation of

OVID-19 patients [1] . This issue is really important. Since the

utbreak of COVID-19 worldwide, discontinuation of isolation has

een presenting a dilemma of COVID-19, despite of the test-based

trategy or the symptom-based strategy [1] . The reason for the

onfusion is that nucleic acid testing presents false negative based

n qPCR technology, because of its low sensitivity [2–4] . There

re several factors for false negative, including sample collection,

reservation, transportation, virus inactivation, nucleic acid extrac-

ion and technical sensitivity, amongst which technical sensitivity

nd precise sampling are the most important quality control mea-

ures to eliminate false negative. 

It is well known that SARS-CoV-2 nucleic acid test is the main

iagnostic method of COVID-19. Recombinase polymerase amplifi-

ation (RPA) is a new technology for testing nucleic acid with some

dvantages of simple operation, fast speed and low cost based on

sothermal amplification. In our study, we developed an improved

trategy, termed as nestRPA (nest recombinase polymerase amplifi-

ation), which could greatly improve the sensitivity of nucleic acid

etection for SARS-CoV-2 than RPA or qPCR. 
bservation was too short to determine whether later manifesta-

ions of the illness were prevented 

The International Lyme and Associated Diseases Society (ILADS)

pposed a single dose of doxycycline to prevent Lyme disease from

 tick bite in their guidelines. 3 When antibiotic prophylaxis therapy

s offered for a blacklegged tick bite, ILADS advises a three-week

reatment course of doxycycline. 
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he determination of release from isolation of COVID-19 

atients requires ultra-high sensitivity nucleic acid test 

echnology 
Firstly, we designed eight sets of primers and probes for RPA on

he conservation regions of SARS-CoV-2 genes, in which some frag-

ents were designed to span multiple gene regions ( Fig. 1 A) which

s one of the important technical tips. Through the two rounds of

rimer screening, we found that the limit of detection (LOD) of 16

airs of primers and 8 probes is quite different ( Fig. 1 B), in which

ragment 1 against ORF1 gene had the worst amplification effi-

iency. And Fragment 5 and 7 had the smallest LOD value, 300 and

00 copies/uL ( Fig. 1 C to 1 F), respectively. 

As far as we know, we firstly proposed the concept of nestRPA.

he basic principles of nestRPA are as follows: in nestRPA, the

rst amplification fragment of target gene is amplified by outer

rimers, then a second fragment of target gene completely within

he first amplification fragment is amplified by inner primers.

n order to eliminate the influence of the fluorescence signal of

nzymes, fluorescent probe is not included in first RPA reaction

hich is another important technical tips. And in the second RPA

eaction, fluorescent probe will be added into reaction system. Us-

ng nestRPA technology, we found that positive plasmid containing

ARS-CoV-2 with the concentration of 1 copy/ul could also be

tably detected by Fragment 5 and Fragment 7 within 1–10 min

 Fig. 1 G and 1 H), suggesting that nestRPA technology indeed

erformed very well for the detection of SARS-CoV-2 nucleic

cid. 

In order to promote the clinical application of nestRPA technol-

gy, we firstly collected 14 samples from 14 patients diagnosed as

OVID-19, all of which SARS-CoV-2 nucleic acid were positive us-

ng qPCR. The results of nestRPA assay showed that SARS-CoV-2

ucleic acid of these samples were 100% (14/14) positive. And then

ne positive sample (Szt_P_002) with the lowest Cq-value was se-

ected to test the sensitivity of nestRPA technology. We found the

etection result of Szt_P_002 sample was still positive after 11

imes of 10-fold serial dilution by nestRPA assay, whilst after the

ourth times of the same dilution fold, the result by qPCR test has

een negative. Secondly, 101 samples from 73 patients diagnosed

s COVID-19 were collected, all of which had negative results us-

ng qPCR, whilst 32.67% (33/101) of the samples were identified

s by nestRPA assay. Furthermore, we collected 25 samples from

 re-positive patients who repeatedly hospitalized suffering from

OVID-19. Our results showed that 96.00% (24/25) of the sam-

les tested positive by nestRPA whilst only 24.00% (6/25) of the

amples were confirmed as positive by qPCR. These six samples

ith positive results by qPCR also had positive results by nestRPA.

ur detection results were basically consistent with the clinical di-

gnosis results. Moreover, to explore whether there were asymp-

omatic patients with SARS-CoV-2 nucleic acid positive in healthy

opulation, we collected 32 nasal swabs samples from those re-

urning to work, all of which the SARS-CoV-2 nucleic acid detec-

ion results were negative using qPCR. However, we found 12.50%

4/32) of the samples were positive using Fragment 5 and/or Frag-

ent 7 by nestRPA ( Fig. 1 I), which was consistent with those re-

orted by other researchers [5] . Our results suggested that the

ltra-sensitive nucleic acid detection technique has important im-

lications for early identification of those asymptomatic carriers

nfected with SARS-CoV-2. Of course, in order to avoid false pos-

tive results, the target sequence of positive amplification products

as 100% detected by high-throughput sequencing. In summary,

6.18% (55/152) of the samples with qPCR negative results were

dentified as positive by nestRPA technology in 172 clinical sam-

les from 127 patients, which indicated the analytical sensitivity

f nestRPA assay is much better than that of qPCR ( Fig. 1 J). 

In addition, many experts of COVID-19 prevention and treat-

ent clearly pointed out that the inaccurate sample collection was

lso one of the important reasons for the false negative result of

ARS-CoV-2 nucleic acid [6–8] . The most commonly sites used as

ampling are oropharynx and nasopharynx. The sample collectors

hould fix the tongue with a spatula, and the sampling swab is

http://refhub.elsevier.com/S0163-4453(20)30472-2/sbref0001
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Fig. 1. Nucleic acid detection results using nestRPA. (A) The distribution of target fragments on SARS-CoV-2 genome. (B) The LOD of optimum primer pairs from different 

gene regions. (C) The sensitivity of outer primers for Fragment 5. (D) The sensitivity of inner primers for Fragment 5. (E) The sensitivity of outer primers for Fragment 7. 

(F) The sensitivity of inner primers for Fragment 7. (G) The sensitivity of nestRPA for Fragment 5. (H) The sensitivity of nestRPA for Fragment 7. (I) The five positi ve results 

of four people returning to work by nestRPA. (J) Statistics of nucleic acid detection results by nestRPA and qPCR assays for SARS-CoV-2. “∗”, the statistical difference of 

fluorescence intensity difference between test sample and blank control serves as the criterion for judging the positive ( p < 0.05) of per reaction. 
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Fig. 2. Comparison of clinical sampling method and a protective sampling kit with light source. (Left) Wrong sampling method; (Middle) Correct sampling method; (Right) 

protective sampling kit with light source. This device is a protective oral-nasopharyngeal sampling set with built-in light source, including 7 components: (1) LED inspection 

lamp handle; (2) LED inspection light; (3) Disposable use of anti-droplet baffle; (4) U-shaped slot; (5) Sterile swab; (6) Sampling hole; (7) Sterile tongue spatula. 
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sed to scrape the cells from tonsil recess and lateral wall when

ampling from the oropharynx [9] . However, the sample collec-

ors were often fear of contagion with SARS-CoV-2. Under great

nfection pressure, inaccurate sampling sites and inadequate sam-

le volume will lead to false negative test results. Therefore, it is

elpful to reducing the false negative through strict and normative

peration of precise sampling with well protection for sample col-

ectors ( Fig. 2 ). 

Except for the technical sensitivity and precise sampling, we

lso need to pay more attention for the quality control of sam-

le preservation and transportation, virus inactivation, nucleic acid

xtraction [10] . If all the links in the detection of SARS-CoV-2 nu-

leic acid could be strictly administrated, false negative could be

ompletely eliminated, and the discontinuation of isolation will no

onger be a dilemma for us. 
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To the Editor, 

We read with great interest the systematic review and meta-

analysis by Kunutsor and Laukkanen, which was recently published

in the Journal of Infection and attempted to investigate the car-

diovascular complications of coronavirus disease 2019 (COVID-19). 1 

The authors investigated and reported the pooled incidence for

cardiac arrhythmia, heart failure, cardiomyopathy, disseminated in-

travascular coagulation, cardiac arrest, acute coronary syndrome,

stroke, and among these pulmonary embolism (PE) and venous

thromboembolism (VTE). The authors report an extensive search

that included three databases (MEDLINE, Embase, Cochrane Li-

brary) with the last search date reported as of May 27 th , 2020.

The proposed search term combinations included “Pulmonary Em-

bolism” and “Venous Thromboembolism”, however, the authors

identified only one study reporting on VTE and PE. 

There are several limitations regarding the systematic review

and meta-analysis of PE and VTE complications. First, the authors

should have clarified how they defined VTE in their study since

VTE, by definition, includes both PE and deep vein thrombosis

(DVT). Second, the study by Klok et al. has been updated with

65 PE events and a total of 75 thrombotic events. 2 Third, to our

knowledge, there are at least nine studies published before May

27th, 2020 that we identified on a similar search on May 26th,

2020 and that report extractable data on the incidence of PE and

DVT and that the authors failed to include. 2–10 Cui et al. (published

on April 9th, 2020) reported a lower extremity DVT incidence of

25% ( n = 20/81). 3 Tavazzi et al. (published on April 22nd, 2020) re-

ported a DVT incidence of 14.8% ( n = 8/54) in mechanically venti-

lated patients admitted in an intensive care unit (ICU), despite be-

ing on anticoagulant prophylaxis. 4 Leonard-Lorant et al. (published

on April 23rd, 2020) investigated the results of pulmonary com-

puted tomography scans in 106 patients diagnosed with COVID-

19 and reported a PE incidence of 30% ( n = 32/106). 5 Middeldorp

et al. (published May 5th, 2020) investigated the incidence of VTE
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Letter in response to article in journal of infection: 

“Cardiovascular complications in COVID-19: A systematic 

review and meta-analysis”
DVT, PE, other venous thromboses) in hospitalized patients with

OVID-19 treated with standard of care anticoagulant prophylaxis

nd reported a cumulative incidence of 16%, 33%, and 42% on days

, 14, and 21, respectively. 6 Poissy et al. (published on April 24th,

020) recruited 107 patients admitted in the ICU and identified

2 cases of PE with a 20.4% cumulative incidence on day 15 af-

er ICU admission. 7 Thomas et al. (published on April 25th, 2020)

eported a cumulative VTE incidence of 27% in 63 COVID-19 pa-

ients in the ICU. 8 In a multicenter prospective study, Helms et al.

published on May 4th, 2020) included COVID-19 patients admit-

ed in four ICUs in two French centers and documented a PE inci-

ence of 25% ( n = 25/99). 9 Last but not least, Ren et al. (published

n May 15th, 2020) reported a lower extremity DVT incidence of

5.4% ( n = 41/48). 10 

Based on the abundance of studies reporting on VTE inci-

ence, the findings of this systematic review and meta-analysis

hould be considered with caution. The standard thromboprophy-

axis doses seem inadequate to prevent VTE in critical or severe

OVID-19, contributing to an unacceptably high rate of throm-

oembolic events. Ongoing prospective randomized trials

NCT04401293, NCT04359277) are already enrolling patients

nd will hopefully elucidate the role of higher heparin doses for

he prevention of thromboembolic events in COVID-19. Future,

ell-designed systematic reviews that include the constantly

ncreasing literature on VTE will provide further insights into the

ctual incidence of COVID-19 associated DVT and PE. 
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ear Editor, 

In this Journal, Iwasaki and colleagues compared the quality

f PCR from saliva and nasopharyngeal swabs as a diagnostic 

easure of SARS-CoV-2 infection 

1 . Currently, the standard for 

iagnosis of Severe Acute Respiratory Syndrome-Coronavirus-2

SARS-CoV-2) infection is a positive result based on a polymerase

hain reaction (PCR) test from nasopharyngeal swab samples. PCR

est is also used as a guide for patient discharge from designated

ospitals and medical institutions. We recently experienced a

ase of a 97-year-old female who was diagnosed with coronavirus

isease 2019 (COVID-19). Although her clinical symptoms and

adiological findings resolved within a few days, PCR results from

asopharyngeal swab samples remained positive for 50 days after

he onset. This case prompted us to conduct a retrospective study

f the association of age the duration of positive PCR testing.

e specifically hypothesized that old age could be a risk for

rolonged duration of positive PCR results from nasopharyngeal

wab samples. 
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lder age is associated with sustained detection of 

ARS-CoV-2 in nasopharyngeal swab samples 
ig. 1. The association of patient age with prolonged duration of positive PCR results am

edical Center. 
This study was approved by the ethics committees of National

ospital Organization Hokkaido Medical Center and Hokkaido Uni-

ersity Hospital. Nasopharyngeal swab sample was collected and

uantitative real-time reverse transcription–PCR (RT-PCR) was con-

ucted as described before 1 . In a RT-PCR assay, cycle thresh-

ld (Ct) value is defined as the number of cycles required for

he fluorescent signal to cross a baseline threshold. The test re-

ults of SARS-CoV-2 were reported as negative in tests in which

t > 45). 

We analyzed the records of 66 patients who were diagnosed

ith COVID-19 between March 1, 2020 and April 30, 2020 at Na-

ional Hospital Organization, Hokkaido Medical Center. In this hos-

ital, when respiratory physicians (T.H. and M.A.) recognized the

eak-out of the COVID-19 infection, PCR tests were performed ev-

ry day on nasopharyngeal swab samples from each patient. This

nabled us to determine the precise day that each COVID-19 pa-

ient tested “negative” by PCR. We defined “negative PCR” as con-

rmed negative results over two sequential days. Characteristics of

he 66 patients diagnosed with mild COVID-19 are presented in

able 1 . Forty-two subjects were mild cases, who did not require

upplemental oxygen treatment. Eighteen subjects were moder-

te cases who needed oxygen treatment. Six subjects were severe

ases who needed ventilator or/and ECMO. 

We found that older age was significantly associated with

rolonged positive PCR tests ( P = 0.0053; Fig. 1 A). This relation-

hip remained unchanged when the findings were adjusted for

he potential impact of severity of the disease (mild, moderate,

evere) and the used of medication ( P = 0.026). When we ana-

yzed only mild cases of COVID-19 in order to exclude the influ-

nce of disease severity, the result remained significant ( P = 0.036;

ig. 1 B). 

At the time of this writing, Hokkaido, most northern island in

apan, has controlled the second wave of COVID-19 and the rate of

ew cases continues to decrease. However, as per the statements

f and guidance from the World Health Organization (WHO) 2 , pa-

ients are discharged only upon confirmed negative PCR tests of

asopharyngeal swabs taken on two sequential days. This results

n prolonged hospital stays as patients remain in beds in the des-

gnated infectious disease units designed for acute and ongoing

are. 
ong patients diagnosed with COVID-19 at National Hospital Organization, Hokkaido 
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Table 1 

Clinical characteristic of subjects diagnosed as COVID-19 in National Hospital Organization Hokkaido Medical Center. 

Total ( n = 66) Mild ( n = 42) Moderate ( n = 18) Severe ( n = 6) p value ∗

Male, N (%) 38 (57.6) 23 (54.8) 12 (66.7) 3 (7.9) 0.6421 

Age (yr) 61 (22–99) 56 (28–99) 71 (30–96) 59 (22–61) 0.0553 

LDH (U/L) 260.5 (127–555) 249.5 (127–452) 330.5 (165–555) 314 (192–452) 0.2927 

D-dimer ( μg/mL) 0.75 (0.05–20.3) 0.6 (0.05–5) 1.8 (0.4–11.3) 3.25 (0.2–20.3) 0.0076 

CRP (mg/dL) 3.495 (0.02–25.82) 2.1 (0.02–17.68) 5.82 (0.28–24.49) 5.54 (1.02–25.82) 0.0122 

Ferritin (ng/mL) 293.3 (12.5–1760.3) 268.9 (12.5–1760.3) 402.9 (75.1–156.9) 606.3 (225.5–837.9) 0.1452 

HbA1c (%) 5.9 (5.1–11.1) 5.9 (5.1–11.1) 6.15 (5.4–8.0) 6.85 (5.7–9.9) 0.173 

WBC (/ μL) 4.9 (1.9–14.8) 4.8 (1.9–9.1) 4.8 (2.6–11.6) 6.95 (3.5–14.8) 0.2178 

Bas (%) 0.2 (0–3) 0.2 (0–3) 0.15 (0–0.5) 0.2 (0–0.4) 0.7529 

Eos (%) 0.05 (0–4.5) 0.05 (0–3.9) 0.1 (0–2.1) 0.1 (0–4.5) 0.9102 

Lym (%) 20.85 (5.7–58.0) 24.7 (8.8–58) 15.4 (6–27) 11.2 (5.7–20.7) 0.0 0 09 

Mon (%) 6.1 (1.5–15.0) 6.4 (2–11.9) 5.4 (1.5–15) 6.05 (1.9–8) 0.2372 

Neu (%) 71.8 (34.0–92.5) 68.65 (34–88) 76.85 (60–92.5) 80.7 (68.8–92) 0.0028 

Medication (for COVID-19) 36 (54.5) 17 (40.5) 14 (77.8) 5 (54.6) 0.0097 

Cyclesonide, N (%) 32 (48.5) 16 (38.1) 12 (66.7) 4 (66.7) 0.0824 

Favipiravir, N (%) 21 (31.8) 5 (11.9) 12 (66.7) 4 (66.7) < 0.0 0 01 

Ritonavir/Lopiravir, N (%) 8 (12.1) 2 (4.8) 2 (11.1) 4 (66.7) < 0.0 0 01 

Camostat, N (%) 3 (4.6) 1 (2.4) 2 (11.1) 0 (0) 0.2826 

Predonisolone, N (%) 2 (3.0) 0 (0) 2 (11.1) 0 (0) 0.0639 

Duration of positive PCR (day) 19 (9–45) 17.5 (9–29) 21 (14–45) 24.5 (15–43) 0.0043 

Continuous data were presented as medians and interquartile ranges (IQR). ∗ Comparisons among three groups (mild, moderate, and se- 

vere). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In our analysis, older age is significantly associated with pro-

longed duration of positive PCR tests from nasopharyngeal swab

samples, irrespective of the disease severity and the used of medi-

cation ( Fig. 1 ). The reasons underlying these observations remain

unclear. Of note, we recently reported that quality of PCR from

saliva as a diagnostic measure of SARS-CoV-2 infection was equiv-

alent to that of the samples from nasopharyngeal swabs 1 . We also

found that findings from PCR tests reverted from positive to neg-

ative much more quickly when using saliva than nasopharyngeal

samples 1 . We speculate that in older individuals, cell turnover is

less robust and as such, clearance of virus from the nasopharynx

is prolonged; these factors may lead to positive PCR tests that per-

sist after acute disease has resolved. 

One group from Taiwan has already discussed the possibility

that COVID-19 may no longer be contagious at two weeks after

the onset of symptoms 3 . It is possible the positive PCR tests reflect

the presence of that inactive virions remaining within nose. In a

linked study, Zheng and colleagues evaluated viral loads in respi-

ratory samples, stool, serum, and urine using PCR: they found that

more than half the respiratory samples remained positive for SARS-

CoV-2 as did a full one third of the stool samples at the end of the

four week trial period 

4 . As such, we propose that there should be

a change in the strategy currently in use for determining time of

discharge to one that relies on other clinical tests or/and patients’

condition, which could be helpful to inhibit the development of

patients’ flail and dementia and to reduce the burden of ongoing

and potentially unnecessary prolonged hospitalization. 

In summary, we demonstrated that old age is significantly as-

sociated with prolonged duration of positive PCR results from na-

sopharyngeal swab samples; this is the case regardless of disease

severity. Further studies will be needed in order to clarify how

long these patients are actually contagious. 
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Fig. 1. NEWS2 scores of all patients with COVID-19, stratified by admission NEWS2 

score. 
ear Editor , 

In a recent article in the Journal , Bruno and colleagues present

hort-term outcomes in elderly patients with severe COVID-19 dis-

ase admitted to a single Italian Infectious Disease unit. 1 The study

ound that elderly patients are at increased risk of adverse out-

omes due to high number of comorbidities and emphasises the

eed to improve clinical management in these patients. In partic-

lar, elderly patients who are likely to deteriorate will need to be

apidly identified. 2 Existing prognostic models for COVID-19 based

n clinical, laboratory and radiological variables are at high risk

f bias. 3 In the UK, the National Early Warning Score (NEWS) and

ts updated version NEWS2 – an a priori weighted composition of

he patient’s observations - is used routinely to monitor patients

n hospital and identify early those who may deteriorate. 4 

Compared to other early warning scores, the NEWS Score has

 greater ability to discriminate patients at risk of cardiac arrest,

nanticipated intensive care unit admission or death. 5 Currently,

uidance from the National Institute of Clinical Excellence (NICE)

upports the use of the NEWS2 score to risk assess patients with

OVID-19 in the community, who may require hospitalisation. 6 

In a recent rapid review, Greenhalgh and colleagues do not rec-

mmend using the NEWS2 Score alone for risk assessment of pa-

ients with COVID-19 in the community. 7 Blood pressure and oxy-

en saturation measurements are difficult to take remotely. The

core also does not include age or comorbidities, strong indepen-

ent predictors of survival in patients with COVID-19. The value

f the NEWS2 Score in predicting outcome in patients admitted to

ospital with COVDI-19 remains uncertain. 

We therefore undertook, as part of service evaluation, a

rospective pilot assessment of patients with confirmed COVID-19

dmitted to a tertiary infectious diseases unit, in the first month

f the pandemic reaching the UK. 

We studied all patients who had a clinical outcome (either

ischarged from hospital or died) between 12 th March and 2 nd 

pril 2020. Clinical (presenting symptoms, comorbidity and the

EWS2 Score throughout hospital stay), laboratory (routine blood

ests) and radiological (chest x-ray reports) findings on admis-

ion were collated. Our main aim was to examine the utility

f the NEWS2 Score in predicting the clinical deterioration of

ospitalised COVID-19 patients. Continuous data are expressed

s a median (25 th - 75 th percentiles) and categorical data are

xpressed as n (%). Independent t -tests and Mann-Whitney U tests

ere used to compare two continuous variables for normally and
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ariability but not admission or trends in NEWS2 score 

redicts clinical outcome in elderly hospitalised patients 

ith COVID-19 
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Table 1 

Baseline characteristics compared those who died vs those who survived. 

Died (N = 10) Survived (N = 7) P value (Died vs Survived) 

Demographics 

Age 86 (83-88) 83 (82-88) 0.59 

Sex (male), N (%) 7 (70) 2 (29) 0.09 

Ethnicity, N (%) 0.68 

Caucasian 8 (80) 6 (86) 

Asian Indian 1 (10) 1 (14) 

Black 1 (10) 0 

Number of comorbidities, N (%) 

0 0 1 (14) 0.46 

1-2 3 (30) 2 (29) 

3 + 7 (70) 4 (57) 

Ischaemic heart disease, N (%) 1 (10) 0 0.39 

Peripheral vascular disease, N (%) 1 (10) 2 (29) 0.32 

Stroke, N (%) 2 (20) 1 (14) 0.76 

Hypertension, N (%) 6 (60) 1 (14) 0.06 

Atrial fibrillation, N (%) 1 (10) 2 (29) 0.32 

Heart failure, N (%) 1 (10) 4 (57) 0.04 

Diabetes, N (%) 2 (20) 1 (14) 0.76 

Dementia, N (%) 2 (20) 1 (14) 0.76 

Chronic kidney disease, N (%) 1 (10) 0 0.39 

Cancer, N (%) 4 (40) 1 (14) 0.25 

COPD, N (%) 2 (20) 3 (43) 0.31 

Obstructive sleep apnoea, N (%) 2 (20) 0 0.21 

Clinical frailty scale 6 (5-7) 6 (4-7) 0.65 

Observations on admission 

NEWS2 5 (0-8) 3 (2-6) 0.92 

Respiratory rate (breaths/min) 21 (18-28) 24 (20-28) 0.69 

O2 saturation (%) 96 (92-97) 96 (93-98) 0.96 

FiO2 (%) 28 (21-100) 21 (21-21) 0.09 

Systolic blood pressure (mmHg) 129 (124-133) 146 (141-157) 0.03 

Diastolic blood pressure (mmHg) 74 (58-84) 81 (66-98) 0.26 

Heart rate (beats per minute) 81 (74-95) 84 (79-86) 0.53 

Temperature (degree celcius) 37.5 (36.8-38.5) 37.4 (36.8-38.1) 0.70 

Presenting complaint 

Fever, N (%) 8 (80) 2 (29) 0.03 

Cough, N (%) 3 (30) 5 (71) 0.09 

Breathlessness, N (%) 5 (50) 4 (57) 0.77 

Diarrhoea, N (%) 0 3 (43) 0.02 

Confusion, N (%) 2 (20) 2 (29) 0.68 

Falls, N (%) 1 (10) 0 0.39 

Blood tests on admission 

White cell count (x10 9 /L) 8.5 (3.7-15.9) 7.3 (2.3-9.1) 0.38 

Neutrophils (x10 9 /L) 6.8 (2.8-13.6) 5.1 (1.8-8.0) 0.33 

Lymphocyte (x10 9 /L) 0.99 (0.63-1.48) 0.63 (0.31-1.07) 0.14 

Haemoglobin (g/L) 125 (113-142) 116 (102-119) 0.22 

Platelets (x10 9 /L) 173 (114-260) 206 (135-261) 0.38 

C-reactive protein (mg/L) 65 (33-156) 31 (9-110) 0.24 

Sodium (mmol/L) 133 (131-137) 136 (131-138) 0.46 

Potassium (mmol/L) 4.7 (4.2-5.1) 3.9 (3.4-4.4) 0.03 

Urea (mmol/L) 9.2 (7.0-15.9) 7.2 (3.0-10.5) 0.28 

Creatinine (μmol/L) 122 (87-168) 91 (57-119) 0.12 

Chest radiographs (CXR - findings on admission) 

Total number during admission 2 (1-3) 1 (1-1) 0.12 

Clear 3 (30) 4 (57) 0.007 

Unilateral consolidation 0 3 (43) 

Bilateral consolidation 7 (70) 0 

Ct Value (nasopharyngeal swab) 22.51 (17.96-27.46) 25.12 (18.54-31.04) 0.40 

Treatment 

Oxygen therapy, N (%) 10 (100) 3 (43) 0.006 

Nasal canulae, N (%) 9 (90) 3 (43) 0.04 

Non-rebreathe mask, N (%) 9 (90) 0 < 0.001 

High-flow oxygen, N (%) 3 (30) 0 0.11 

Non-invasive ventilation, N (%) 2 (20) 0 0.21 

Length of stay (days) 6 (4-13) 9 (7-10) 0.13 
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non-normally distributed data. The chi-squared test was used to

compare proportions between groups. 

Overall, 17 patients with COVID-19 had an outcome by 2 nd April

2020. The median age of our cohort was 85 years (IQR 83-88

years); 53% were male and 82% were Caucasian. All patients who

were unsuitable for escalation to intensive care and received ward-

based care as per NICE rapid guidance for COVID-19. 5 The majority
f patients died (N = 10, 59%). Compared to patients who survived,

hose who died were more likely to be male, with bilateral consol-

dation on chest radiographs on admission. Admission SARS-CoV-2

uantitative PCR Ct values on nasopharyngeal swab did not seem

o relate to survival. All patients who died required some form of

xygen therapy, ranging from nasal canulae to non-invasive venti-

ation through continuous positive airway pressure. Less than half
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f those who survived required oxygen therapy, all of which were

elivered via nasal canulae. 

Fig. 1 shows the trend in the National Early Warning Score2

NEWS2) throughout hospitalisation, stratified by severity of

EWS2 on admission and clinical outcome. First, we found that the

nitial NEWS2 score did not predict mortality. For example, four

ut of the ten patients (40%) who died presented with a NEWS2

core of 0-3 while three out of seven patients (43%) who sur-

ived presented with a NEW2 Score of 5 or above. Secondly, there

as no significant difference in the admission NEWS2 score and

ts components, between patients who died and those who sur-

ived, apart from systolic blood pressure. ( Table 1 ). Thirdly, exam-

ning the NEWS2 scores over time, patients who died had a higher

ariability in their scores compared to those who survived. Seven

ut of ten patients (70%) who died had a maximum daily change

n NEWS2 score of over 5, while none of those who survived had

uch dramatic fluctuations. ( Fig. 1 ) 

In our small pilot of elderly patients admitted to hospital with

OVID-19, admission NEWS2 scores did not seem to be useful in

redicting clinical outcomes. For some patients, death occurred re-

ardless of admission NEWS scores and without a prior deterio-

ating trend. Originally, the NEWS score was developed using data

rom 35585 acute hospital admissions, most of whom would have

ad an underlying diagnosis of sepsis. 8 Sepsis is a clinical syn-

rome caused by overwhelming systemic bacterial infection. Clini-

al deterioration is seen within days in hospital. However, COVID-

9 is caused by SARS-CoV-2, a coronavirus which predominately

ppears to affect the respiratory system as an initial viral pneu-

onitis. In China, a fifth of all COVID-19 inpatients rapidly became

ritically ill with hypoxia and respiratory failure. 9 The weighting of

he NEWS2 score does not account for the degree of supplemen-

al oxygen (FiO2) a patient may require, thus limiting its utility to

dentify early deterioration in patients with COVID-19. In our co-

ort, patient 8 had a NEWS2 score of 2 on day 2 and 3 despite

equiring a large increase in FiO2 (from room air to 60%). A more

ensitive early warning score for COVID-19 needs to be urgently

eveloped and validated. 
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Table 1 

Summary of samples with low level E gene amplification alone (CT ≥ 35). CT, cycle 

threshold; E, envelope gene. 

n % 

Sent for confirmation at reference laboratory ɸ 54 78.26 

Confirmed by alternative assay 48 (88.89) 

Not confirmed 6 (11.11) 

Repeat clinical sample positive 5 7.25 

Previous clinical samples positive ψ 6 8.70 

Resulted without further testing ǂ 4 5.80 

Total 69 

ɸ Most samples (n = 53) were tested at Micropathology Ltd (Coventry) using a 

SARS-CoV-2 N gene assay using a modified CDC assay [6] . The other sample con- 

firmed positive at PHE Colindale using an alternative SARS-CoV-2 RdRp assay. 
� As part of the High Consequences Infectious Diseases network, Sheffield re- 

ceived some of the first positive patients in the United Kingdom, who had daily 

swabs taken. E gene amplification appeared to persist in this cohort after the RdRp 

became negative. 
ǂ Four results were authorised without further testing due to high pre-test prob- 

ability e.g. compatible symptoms with a confirmed household exposure to SARS- 

CoV-2. 
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p  
tection in relation to RdRp, and in the absence of RdRp detection

in a retrospective evaluation of SARS-CoV-2 RT-PCR testing. 

A total of 12,015 clinical samples (combined nose/throat swabs

or lower respiratory tract samples) were tested for SARS-CoV-2

as part of routine clinical diagnostics between 2 nd March 2020

and 5 th April 2020 at Sheffield Teaching Hospitals NHS Founda-

tion Trust. Samples were extracted on the MagnaPure96 platform

(Roche Diagnostics Ltd, Burgess Hill, UK). SARS-CoV-2 RNA was de-

tected on 6μl of extract using a dual target (E gene and the RdRp

gene) in-house PCR on ABI Thermal Cycler (Applied Biosystems,

Foster City, United States) (supplementary material) [4] . The assay

was modified to a multiplex single-well assay with the addition of

PCR primers to detect a housekeeping gene, Ribonuclease P (RNAse

P), which acts as an internal control and to assess sample quality. 

Of the samples tested, 2,593 samples (21.6%) were positive with

amplification curves for one or both target genes. Amongst positive

results, we found E gene amplification alone to be common (n =
319, 12.3%), although the majority were positive for both RdRp and

E gene targets (n = 2273, 87.7 %) and only 1 sample ( < 0.1 %) had

RdRp gene amplification alone. 

From the E-only positive group (n = 319), 69 (21.6%) samples had

low level amplification in the E gene (cycle threshold (CT) ≥35)

and were investigated further. Within this subset, the majority

(n = 59, 85.5%) were considered to be true positives because they

were either a) confirmed by an alternative assay (n = 48) or b) a

preceding or subsequent sample was positive for both E and RdRp

(n = 11) ( Table 1 ). The alternative assay employed was a modified

version of the Centers for Disease Control and Prevention (CDC)

assay targeting the N gene (Micropathology Ltd, Coventry, UK) in

most cases (n = 47) or an alternative RdRp assay (n = 1) [7] . Six sam-

ples (8.7 %) could not be confirmed in an alternative assay which

had either high CT values for the E gene (n = 4, CT values ≥39.0) or

had good amplification curves not reaching the threshold (n = 2). To
Fig. 1. E and RdRp gene cycle threshold results in relation to symptom onset. E and

from 128 patients. Lowest CT values were seen around day 3 of symptoms, with mean Rd

smoothed conditional mean with 95% confidence intervals in the grey bars. E, envelope g
urther confirm the presence of SARS-CoV-2 RNA in samples with

 gene only amplification, 11 samples were selected and success-

ully underwent whole genome sequencing (supplementary mate-

ial). Analysis of the RdRp primer or probe binding sites in these

amples did not reveal any mismatches to explain the lack of RdRp

T-PCR positivity (supplementary material). 

We further explored the relationship between E gene detection

nd RdRp gene detection. Amongst samples with both RdRp gene

nd E gene amplification (n = 2273), we found that CT values for

he E gene target were significantly lower than the CT values for

dRP, with a mean difference of 5.8 (Paired t test, p-value < 2.2e-

6, 95% CI 5.79-5.92) (supplementary material). In a subset of sam-

les where symptom onset was available (145 samples from 128
 RdRp amplification results plotted against days of symptom onset in 145 samples 

Rp CT higher at a given day compared to E gene CT value. The lines represent the 

ene; RdRp, RNA-dependent RNA-polymerase. 
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atients), it was clear that the CT values for both RdRp and E gene

ere lowest around 48 – 72 hours following symptom onset ( Fig.

 ). At each stage of infection, the median CT values for RdRp were

igher than those for the E gene. 

By using the E gene target in addition to the RdRp gene target

e observed a significantly increased diagnostic pick up (11.9%). In

ne patient, E gene amplification was detected for three days be-

ond RdRp amplification, indicating a possible widening of the di-

gnostic window. Our findings confirm that clinical samples with

 only amplification should not be dismissed as non-specific re-

ults. Not only were we able to obtain whole genome sequences

or SARS-CoV-2 from a subset of this group, we also found that

5% of E only samples with high CT values were confirmed by a

econd assay targeting the N gene or an alternative RdRp only as-

ay. 

The enhanced sensitivity seen for the E gene in our dual target

-RdRP assay is yet to be explained. We observed a mean differ-

nce of over five CT values when comparing E gene to RdRp val-

es, which may suggest the possibility of higher copy numbers of E

ene being present in the primary or extracted sample. Due to the

nique transcription strategy of coronaviruses, genes towards the

’ end of the genome would be present in higher copy numbers

uring active viral replication, which could explain these findings

5] . It is also possible that PCR optimised conditions in a multiplex

ystem favours E gene amplification, however we found no signifi-

ant loss of RdRp detection when comparing single and multiplex

ystems during validation, with observed CT rises averaging 1-2 cy-

les (data not shown). In addition, we found no evidence of primer

r probe mismatches in the RdRp region. 

We believe dual target testing, using the E gene as a second

arget, will help improve both diagnostic sensitivity and the appro-

riate clinical response to this pandemic. We urge testing laborato-

ies to carefully consider the use of the E gene as a target in order

o optimise SARS-CoV-2 diagnostics, including strategies to confirm

amples with E gene only amplification as we have described. 

cknowledgements 

The authors would like to thank the Virology team at Sheffield

eaching Hospitals NHS Foundation Trust for the long hours in the

rocessing and testing of clinical specimens, and Professor Goura

udesia for her contribution towards assay validation work. We

ould also like to thank Andy Taylor at Micropathology Labora-

ories, Coventry for sharing the N gene data. Sequencing of SARS-

oV-2 samples was undertaken by the Sheffield COVID-19 Ge-

omics Group as part of the COG-UK CONSORTIUM. The sequenc-

ng part of the validation was in part supported / funded by the

IHR Sheffield Biomedical Research Centre (BRC). The views ex-

ressed are those of the author(s) and not necessarily those of

he NHS, the NIHR or the Department of Health and Social Care

DHSC). 

upplementary materials 

Supplementary material associated with this article can be

ound, in the online version, at doi:10.1016/j.jinf.2020.05.061 . 

eferences 

1. Hao W , Li M. . Clinical features of atypical 2019 novel coronavirus pneumonia

with an initially negative RT-PCR assay. J Infect 2020; 80 (6):671–93 . 
2. Udugama B , Kadhiresan P , Kozlowski HN , et al. Diagnosing COVID-19: The Dis-

ease and Tools for Detection. ACS Nano 2020 . 

3. Questions and answers regarding laboratory topics on SARS-CoV-2. Available at:
https://www.ecdc.europa.eu/en/all-topics-z/coronavirus/threats-and-outbreaks/ 

covid-19/laboratory-support/questions . Accessed 19th April. 
4. Corman VM , Landt O , Kaiser M , et al. Detection of 2019 novel coronavirus

(2019-nCoV) by real-time RT-PCR. Euro Surveill 2020; 25 (3) . 
ear editor , 

We read with the interest the recent paper by Chen et al. who

escribed the clinical progression of 249 patients with coronavirus

isease 2019 (COVID-19). 1 As the author mentioned, some factors,

uch as age and CD4 T cell counts, would be associated with

ntensive care units (ICU) admission. In addition, the application

f host-directed therapy and early control of viral replication

ight be crucial for improving the prognosis of COVID-19. We

re interested in investigating the potential risk factors associated

ith the progression and prognosis of COVID-19. To date, cases

f severe acute respiratory syndrome-coronavirus 2 (SARS-CoV-2)

nd influenza A co-infection have been reported in COVID-19

atients. 2-4 We suspected that the recent infection with influenza

mong COVID-19 patients might affect disease prognosis and

rogression to some extent. The high specificity and the sensitivity

f Immunoglobulin M (IgM) assays suggest that IgM is a reliable

iomarker for the surveillance of recent influenza infection. 5 , 6 

ere, we reported that recent infection of influenza A/B and pro-

uce specific IgM in COVID-19 might be a common phenomenon,

nd influenza IgM status could be the significant factor associated

ith clinical outcomes and prognosis of COVID-19. 
5. Sawicki SG , Sawicki DL , Siddell SG . A contemporary view of coronavirus tran-
scription. J Virol 2007; 81 (1):20–9 . 

6. CDC. Real-time RT-PCR Primer and Probe Information. Available at: https://
www.cdc.gov/coronavirus/2019-ncov/lab/rt-pcr-panel-primer-probes.html . Ac- 

cessed 19th April 2020. 
7. https://www.fda.gov/medical-devices/emergency-situations-medical-devices/ 

emergency- use- authorizations#covid19ivd . Accessed 19th April 2020. 

Hayley Colton 

# , Michael Ankcorn 

# , Mehmet Yavuz, Leeanne Tovey,

Alison Cope, Mohammad Raza, Alexander J Keeley, Amy State,

Bozena Poller 

Sheffield Teaching Hospitals NHS Foundation Trust, Sheffield, United

Kingdom 

Matthew Parker 

Sheffield Biomedical Research Centre, Sheffield Bioinformatics Core,

The Medical School, The University of Sheffield, United Kingdom

Thushan I de Silva 

Sheffield Teaching Hospitals NHS Foundation Trust, Sheffield, United

Kingdom 

The Department of Infection, Immunity and Cardiovascular Disease,

The Medical School, The University of Sheffield, United Kingdom

Cariad Evans 

Sheffield Teaching Hospitals NHS Foundation Trust, Sheffield, United

Kingdom 

∗Corresponding author: Dr Michael Ankcorn 

E-mail address: michaelankcorn@nhs.net (M. Ankcorn) 

# Contributed equally 

Accepted 25 May 2020 

Available online 28 May 2020 

ttps://doi.org/10.1016/j.jinf.2020.05.061 

2020 The British Infection Association. Published by Elsevier 

td. All rights reserved. 

OVID-19 Patients with Recent Influenza A/B Infection: A 

etrospective Study 

https://doi.org/10.1016/j.jinf.2020.05.061
http://refhub.elsevier.com/S0163-4453(20)30339-X/sbref0001
http://refhub.elsevier.com/S0163-4453(20)30339-X/sbref0001
http://refhub.elsevier.com/S0163-4453(20)30339-X/sbref0001
http://refhub.elsevier.com/S0163-4453(20)30339-X/sbref0002
http://refhub.elsevier.com/S0163-4453(20)30339-X/sbref0002
http://refhub.elsevier.com/S0163-4453(20)30339-X/sbref0002
http://refhub.elsevier.com/S0163-4453(20)30339-X/sbref0002
http://refhub.elsevier.com/S0163-4453(20)30339-X/sbref0002
https://www.ecdc.europa.eu/en/all-topics-z/coronavirus/threats-and-outbreaks/covid-19/laboratory-support/questions
http://refhub.elsevier.com/S0163-4453(20)30339-X/sbref0003
http://refhub.elsevier.com/S0163-4453(20)30339-X/sbref0003
http://refhub.elsevier.com/S0163-4453(20)30339-X/sbref0003
http://refhub.elsevier.com/S0163-4453(20)30339-X/sbref0003
http://refhub.elsevier.com/S0163-4453(20)30339-X/sbref0003
http://refhub.elsevier.com/S0163-4453(20)30339-X/sbref0004
http://refhub.elsevier.com/S0163-4453(20)30339-X/sbref0004
http://refhub.elsevier.com/S0163-4453(20)30339-X/sbref0004
http://refhub.elsevier.com/S0163-4453(20)30339-X/sbref0004
https://www.cdc.gov/coronavirus/2019-ncov/lab/rt-pcr-panel-primer-probes.html
https://www.fda.gov/medical-devices/emergency-situations-medical-devices/emergency-use-authorizations#covid19ivd
mailto:michaelankcorn@nhs.net
https://doi.org/10.1016/j.jinf.2020.05.061
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jinf.2020.05.050&domain=pdf


184 Letters to the Editor / Journal of Infection 82 (2021) 159–198 

Figure 1. The clinical outcomes and the rate of severe illness among different influenza A/B IgM status groups. Abbreviations: A IgM: influenza A IgM; B IgM: influenza B 

IgM. 
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For this retrospective study, the 1386 COVID-19 patients were

hospitalized between 18 January and 26 April 2020 at Tongji

Hospital in Wuhan, China. All patients were pathogen-confirmed

COVID-19 cases and accepted serological influenza A/B IgM anti-

body tests upon admission. SARS-CoV-2 infection was confirmed

by reverse transcriptase polymerase chain reaction assay (RT-

PCR), and the methods were consistent with other studies. 7 The

influenza A/B IgM antibody tests were conducted by indirect

immunofluorescence assay (IIFA) of specific IgM antibodies (EU-

ROIMMUN, FI 2821-17M, Germany). All operations were carried

out according to the provided instructions. 

The patients analyzed in this study were not vaccinated against

influenza A/B at the time of admission. In our study, severe

COVID19 cases were defined as oxygen saturation of 94% or less

while breathing ambient air or needing oxygen support, consis-

tent with the report of Ohmagari et al . 8 The Ethical Committee of

Tongji Hospital approved the study. Informed consent was not ob-

tained because this retrospective study was analyzed anonymously.

We performed a retrospective analysis on 1386 confirmed

COVID-19 patients with influenza A/B IgM antibody test results. In

total, 88.8% (1231/1386) of patients survived and 11.2% (155/1386)

of patients died. More than half of patients (60.8%, 842/1386) were

identified as severe cases, and 39.3% (544 of 1386) were classified

as non-severe. According to patients’ specific IgM status, influenza

A IgM positive (A IgM 

+ ) or negative (A IgM 

−) and influenza B

IgM positive (B IgM 

+ ) or negative (B IgM 

−), the patients were

divided into three categories: A IgM 

−/ B IgM 

− group (47.6%,

660/1386), A IgM 

+ / B IgM 

− group (47.5%, 659/1386), and A IgM 

−/

B IgM 

+ group (4.8%, 67/1386). The A IgM 

+ / B IgM 

+ group was
ot included as we identified no such cases. In Figure 1 , in terms

f the clinical outcome, the mortality rates of the A IgM 

+ / B

gM 

− group and A IgM 

−/ B IgM 

+ group were lower than that

f the A IgM 

−/ B IgM 

− group. Figure 1 also indicates that the A

gM 

−/B IgM 

− group had the highest rate of severe cases among

he three groups. Statistically significant differences existed across

he different groups when considering mortality ( P = 0.0 0 08) and

evere illness rates ( P < 0.0 0 01). 

To further explore the relationship between the influenza A/B

gM status and clinical outcome and illness severity among the

OVID-19 patients, we established univariate analysis and multi-

ariate analysis models ( Table 1 ). For the univariate analysis, we

ound that sex, age, and comorbidities were significant cofactors

mong mortality and severe illness. The A IgM 

+ / B IgM 

− group

as showed lower risk of mortality (OR = 0.514, 95%CI: 0.360–

.732) and severe illness (OR = 0.511, 95% CI:0.408–0.640). For mul-

ivariate analysis, after adjustment for cofactors, patients in the A

gM 

+ / B IgM 

− group were less likely to die than patients in the

 IgM 

−/ B IgM 

− group (OR = 0.671, 95% CI: 0.463–0.973). How-

ver, the mortality rate of the A IgM 

−/ B IgM 

+ group was not

tatistically different from that of the A IgM 

−/ B IgM 

− group ac-

ording to the adjusted model (OR = 0.903, 95% CI: 0.359–2.272).

urthermore, our analysis also indicated that a similar trend was

lso observed in severe/non-severe analysis. The A IgM 

+ /B IgM 

−

roup had a lower rate of severe illness than the A IgM 

−/B IgM 

−

roup (OR = 0.601, 95% CI: 0.476–0.760), whereas no such differ-

nce was found for the A IgM 

−/B IgM 

+ group (OR = 0.968, 95%

I: 0.563–1.665). 
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Table 1 

Univariate and multivariate analysis of risk factors of Death vs. Discharged or Severe vs.Non-severe. a 

Variables 

[n(%)] Death vs. Discharged [OR (95%CI)] Severe vs. Non-severe [OR (95%CI)] 

Died (n = 155) 

Discharged 

(n = 1231) 

Non-severe 

(n = 544) 

Severe 

(n = 842) Univariate analysis Multivariate analysis Univariate analysis 

Multivariate 

analysis 

Sex 

Male 104 (14.9) 596 (85.1) 251 (35.9) 449 (64.1) REF REF REF REF 

Female 51 (7.4) 635 (92.6) 293 (57.3) 393 (42.7) 0.460 (0.323-0.655) 0.458 (0.316-0.662) 0.750 (0.604-0.931) 0.753 

(0.599-0.946) 

Age (mean [SD]) 69.6 (12.2) 57.1 (15.7) 53.5 (16.4) 61.7 (14.6) 1.069 (1.054-1.085) 1.067 (1.050-1.083) 1.035 (1.027-1.042) 1.035 

(1.027-1.043) 

Comorbidities 

No 64 (8.3) 708 (91.7) 324 (42.0) 448 (58.0) REF REF REF REF 

Yes 91 (14.8) 523 (85.2) 220 (35.8) 394 (64.2) 1.925 (1.371-2.702) 1.154 (0.803-1.658) 1.295 (1.041-1.611) 0.863 

(0.677-1.100) 

Influenza A/B 

IgM status 

groups 

A IgM 

−/ B IgM 

− 96 (14.6) 564 (85.5) 207 (31.4) 453 (68.6) REF REF REF REF 

A IgM 

+ / B IgM 

− 53 (8.0) 606 (92.0) 311 (47.2) 348 (52.8) 0.514 (0.360-0.732) 0.671 (0.463-0.973) 0.511 (0.408-0.640) 0.601 

(0.476-0.760) 

A IgM 

−/ B IgM 

+ 6 (9.0) 61 (91.0) 26 (38.8) 41 (61.2) 0.578 (0.243-1.374) 0.903 (0.359-2.272) 0.721 (0.429-1.210) 0.968 

(0.563-1.665) 

a The statistically significant differences are shown in bold.Abbreviations: A IgM, influenza A IgM; B IgM, influenza B IgM; OR, odds ratio; 95%CI, 95% confidence interval; 

IQR, interquartile range. 
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In the analysis, older age, male gender, and comorbidities were

ore prone to poor outcomes and progression, which were consis-

ent with previous studies. 1 , 9 Therefore, in the multivariate analy-

is, we adjusted these cofactors. We found that COVID-19 patients

ositive for influenza A IgM had a lower risk of mortality and se-

ere illness compared with those showing negative A/B IgM status.

owever, these trends were not significant differences between A

gM 

−/ B IgM 

+ group and A IgM 

−/ B IgM 

− group. 

The reason for better prognosis and clinical outcome in in-

uenza A IgM 

+ COVID-19 patients is likely complicated, but could

e due to potential interactions between influenza A and SARS-

ov-2, or because IgM 

+ is a marker of patient functional immune

tatus. However, the second hypothesis cannot fully explain why

hese protective effects were not observed among influenza B IgM 

+ 

OVID-19 patients. Due to the suddenness of the COVID-19 pan-

emic outbreak, more studies are needed to confirm these find-

ngs. 

In summary, our results showed that recent influenza A/B

nfection in confirmed COVID-19 patients might be a common

henomenon. Moreover, we also observed that COVID-19 patients

ositive for influenza A IgM showed a lower risk of mortality and

evere illness compared with those showing negative A/B IgM

tatus. In contrast, this trend was not observed in influenza B

gM 

+ patients. 
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To the Editor, 

Since January 2020 when it was first isolated in China, coron-

avirus disease 2019 (COVID-19) has spread throughout the world

and caused substantial morbidity and mortality. [1] Despite the

rapidly growing knowledge base on the clinical course of the dis-

ease, no therapeutic agents have been proven to be effective for

COVID-19. Further clarification of the clinical course of the dis-

ease could help in the development of effective treatment strate-

gies. Wang and colleagues in their recent elegant study to in-

vestigate characteristics and prognostic factors in 339 elderly pa-

tients with COVID-19, observed a high proportion of severe and

critical cases as well as high fatality rates. [2] Common complica-

tions included bacterial infection, acute respiratory distress syn-

drome as well as liver enzyme abnormalities. In their analyses to

explore prognostic factors for fatal outcomes, alanine aminotrans-

ferase (ALT) and aspartate aminotransferase (AST) (known markers

of liver injury) were not found to be independently associated with

the risk of mortality. Though it has been reported that liver injury
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Markers of liver injury and clinical outcomes in COVID-19 

patients: A systematic review and meta-analysis 
s more prevalent in severe cases of COVID-19,[ 3 , 4 ] whether cir-

ulating levels of markers of liver injury at admission could pre-

ict clinical outcomes in COVID-19 patients is uncertain. In this

ontext, we aimed to determine the nature of the relationships

f admission levels of five main markers of liver injury (ALT, AST,

amma-glutamyltransferase (GGT), alkaline phosphatase (ALP) and

otal bilirubin) with the risk of clinical outcomes in patients with

OVID-19 using a systematic meta-analysis. 

We conducted this review using PRISMA and MOOSE guidelines

 Supplementary Materials 1-2 ) and in accordance with a regis-

ered protocol in the PROSPERO International prospective register

f systematic reviews (CRD42020183672). MEDLINE, Embase, and

he Cochrane library were searched from 2019 to 17 May 2020

or published studies reporting on relationships between admis-

ion levels of markers of liver injury (GGT, ALT, AST, ALP and to-

al bilirubin) and clinical outcomes in patients with COVID-19. The

etailed search strategy has been reported in Supplementary Ma-

erial 3 . Outcomes were categorised into severe illness and mortal-

ty. Mean differences (95% CIs) for comparing mean levels of circu-

ating markers across outcomes and relative risks (RRs) (95% con-

dence intervals, CIs) for associations between markers and out-

omes were used as summary measures across studies. [5] The in-

erse variance-weighted method was used to effect estimates us-

ng random-effects models to minimize the effect of heterogeneity.

TATA release MP 16 (StataCorp LP, College Station, TX, USA) was

sed for all statistical analyses. 

Sixteen retrospective cohort studies comprising 10,540 COVID-

9 patients were eligible ( Table 1 ; Supplementary Materials 4-5 ).

ll studies were based in China. The average age at baseline ranged

rom approximately 38 to 71 years. Comparing elevated vs low lev-

ls of ALT and AST respectively, the RRs (95% CIs) of severe illness

ere 1.03 (0.23-2.15) and 2.09 (0.44-9.9) respectively. Pooled anal-

ses of 9 studies each showed significantly higher levels of ALT and

ST in COVID-19 patients who developed severe illness compared

o patients who did not deveop severe illness: mean differences

95% CIs) of 9.15 U/L (1.47, 16.82; p = 0.02) and 12.60 U/L (8.43,

6.77; p < 0.001) respectively ( Fig. 1 A ) 

In pooled results of two studies each, the RRs (95% CIs) of mor-

ality associated with elevated ALT and AST were 3.35 (2.37-4.75)

nd 10.42 (7.05-15.40) respectively. In results from single studies,

ncreased levels of ALP and total bilirubin were each associated

ith an increased risk of mortality ( Supplementary Material 6 ).

dmission levels of AST and total bilirubin were higher in those

ho died; whereas ALT levels were not significantly different in

oth groups: mean differences (95% CIs) of 17.13 U/L (11.25, 23.01;

 < 0.001); 4.21 μmol/l (3.97, 4.46; p < 0.001) and 5.82 U/L (-2.57,

4.21; p = 0.17) respectively. In single reports, levels of ALP and GGT

ere higher in those who died compared with survivors ( Fig. 1 B ). 

Taking the overall evidence together, the data supports a higher

revalence of elevated admission levels of markers of liver injury

n severe or mortality due to COVID-19 disease, which suggests

hat patients with elevated levels of liver markers at baseline (dur-

ng admission) had higher risks of developing worse outcomes in

OVID-19. The likely explanation for the worse outcomes observed

n patients with baseline elevated markers of liver injury (as seen

n chronic liver disease) could be attributed to compromised im-

une status.[ 3 , 4 ] 

Irrespective of the fact that about 2-11% of patients with COVID-

9 have liver comorbidities, [3] COVID-19 also causes liver injury.

owever, there is controversy regarding the causes of liver in-

ury in COVID-19.[ 3 , 4 ] Proposed explanations include (i) drug-

nduced liver injury; (ii) direct injury to the liver due to COVID-

9 hepatitis [4] ; (iii) COVID-19 induced myositis [4] ; (iv) bind-

ng of SARS CoV-2 directly to angiotensin-converting enzyme 2
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Table 1 

Baseline characteristics of included studies of COVID-19 patients 

Author, year 

ofpublication 

Source of participants Country Date of datacollection Mean/medianAge 

(yrs) 

Male % Total 

participants 

No. of 

outcomes 

Outcomes NOSscore 

Zhou, 2020 Jinyintan Hospital and Wuhan 

Pulmonary Hospital 

China Dec 2019 - Jan 2020 56.0 62.0 191 54 In-hospital mortality 5 

Huang, 2020 Jin Yintan Hospital China Dec 2019 - Jan 2020 49.0 73.0 41 13 ICU care 4 

Ruan, 2020 Jin Yin-tan Hospital and Tongji 

Hospital 

China NR 57.7 68.0 150 68 Mortality 4 

Guan, 2020 National Health Commission China Dec 2019 - Jan 2020 47.0 58.1 1099 173 (67) Severe disease (Composite 

outcome of ICU admission, 

the use of mechanical 

ventilation, or death) 

4 

Liu, 2020 3 tertiary hospitals in Wuhan China Dec 2019 - Jan 2020 38.0 50.0 78 11 Severe disease 5 

Qian, 2020 5 hospitals in Zhejiang 

province 

China Jan - Feb 2020 50.0 40.7 91 9 Severe disease 4 

Zheng, 2020 North Hospital of Changsha 

first Hospital 

China Jan - Feb 2020 45.0 49.7 161 30 Severe disease 4 

Wang, 2020 Zhongnan Hospital of Wuhan 

University 

China Jan, 2020 56.0 54.3 138 36 ICU care 4 

Wang, 2020b Union Hospital in Wuhan China Jan - Feb 2020 42.0 46.0 69 14 SpO 2 < 90% 4 

Wang, 2020c Renmin Hospital of Wuhan 

University 

China Jan – Feb 2020 71.0 49.0 339 65 Mortality 4 

Chen, 2020 Tongji Hospital in Wuhan China Jan - Feb 2020 62.0 62.0 274 113 Mortality 4 

Chen, 2020b National Health Commission China Dec 2019 - Jan 2020 NR NR 1,590 50 Mortality 6 

Cai, 2020 Third People’s Hospital of 

Shenzhen 

China Jan - Feb 2020 47.0 47.5 417 91 Severe disease 6 

Yang, 2020 Wuhan Jin Yin-tan hospital China Dec 2019 – Jan 2020 59.7 67.0 52 32 Mortality 4 

Lei, 2020 10 hospitals in Hubei Province China Dec 2019 – Mar 2020 56.0 47.2 5,771 1,186 Severe disease 5 

Xie, 2020 Jinyintan Hospital China Feb 2020 60.0 55.7 79 28 Severe disease 4 

ICU, intensive care unit; NOS, Newcastle-Ottawa Scale; NR, not reported 
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Fig. 1. Admission levels of markers of liver injury in (A) patients with or without severe COVID-19 illness and in (B) patients who died or survived ALT, alanine aminotrans- 

ferase; ALP, alkaline phosphatase; AST, aspartate aminotransferase; CI, confidence interval (bars); GGT, gamma-glutamyltransferase 
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(ACE2) positive rich cholangiocytes and causing liver damage; [6]

(v) hepatic congestion due to high levels of positive end expira-

tory pressure during mechanical ventilation; [4] and (vi) aggrava-

tion of liver injury by SARS CoV-2 in patients with pre-existing

viral hepatitis.[ 7 , 8 ] In the absence of robust association studies

and formal risk prediction analyses, the overall evidence suggests

that increased baseline levels of markers of liver injury could pre-

dict poor outcomes. The global prevalence of chronic liver dis-

ease remains high and continues to increase. Treatment options

for COVID-19 are currently supportive; hence, there should be

more intensive monitoring of levels of markers of liver injury dur-

ing admission so that therapeutic approaches can be individually

tailored. 
j  
There are several limitations which deserve mention. First,

he heterogeneous reporting of severe illness outcomes prompted

he use of composite measures. Second, the possibility of pa-

ient overlap as all 16 studies were reported from China; there

ave been concerns with duplicate reporting of study partici-

ants in articles. [9] Third, due to the limited sample sizes and

ow events, some studies were unable to assess risk ratios to

uantify the relationships. Finally, though we extracted data on

aseline (admission) levels of these markers, studies were not

ery specific regarding the exact time of blood sampling in re-

ation to the disease status; hence, these results may have some

iases. 

In conclusion, elevated admission levels of markers of liver in-

ury particularly the aminotransferases, may be associated with
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Fig. 1. (Continued) 
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rogression to severe disease or death in COVID-19. Monitoring

evels of these markers could assist in the optimum management

f patients. 
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1  
Dear Editor, 

We read with interest the work by Bermejo-Martin et al. [1] un-

derlining the role of lymphopenia as a predictive marker of se-

vere COVID-19 pneumonia. In an epidemic setting biomarkers

can be useful at both patient level and for adequate resources

allocation. 

The gold standard for COVID-19 diagnosis relies on SARS-CoV-2

RNA detection by reverse transcription polymerase chain reaction

(RT-PCR) through nasal and oropharyngeal swabs (despite subopti-

mal sensitivity, with the proportion of false negative results rang-

ing from 56 to 83% [2] ). Through this observational, cross-sectional

study from a large Italian teaching hospital, we aimed to derive

a diagnostic score to rapidly identify the possibility of being af-

fected by COVID-19 at hospital admission, thus limiting the use of

second-level diagnostic tests or a second swab. 

Randomly selected, adult ( ≥18 years-old) patients coming to

first aid with symptoms consistent with COVID-19 were considered

for this analysis. The diagnosis relied on the results of RT-PCR on

nasopharyngeal/oropharyngeal swabs, as recommended by Interna-

tional guidelines [ 3 , 4 ]. For most patients with initial negative swab,

testing was repeated at least after 24 hours to definitely exclude

the diagnosis. 

The derivation cohort consisted in patients arrived at first aid

between the 1 st and the 15 th of March 2020 (corresponding to

the beginning of the epidemic in our hospital). The validation co-

hort included patients who came to first aid between the 21 st and
9. Bauchner H, Golub RM, Zylke J. Editorial Concern-Possible Reporting of the
Same Patients With COVID-19 in Different Reports. JAMA. 2020 Mar 16.
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Derivation and validation of a scoring system to assess 

pre-test probability of being COVID-19 positive 
he 15 th of April (i.e. at least after 14 days since national lock-

own measures were declared by Italian government). Factors as-

ociated with a positive swab for SARS-CoV-2 (at a p-value ≤0.05)

ere identified through a backward step-wise logistic regression.

he multivariable regression model was then transformed into a

oint-based rule, as described by Sullivan et al. [5] . The discrimi-

atory power and calibration of the prediction rule in the deriva-

ion and validation cohorts were assessed by the area under the

eceiver-operator characteristic curve (ROC AUC) and the Hosmer-

emeshow test, respectively. 

Data from 194 patients were analysed, 103 (53.4%) of whom in

he derivation set and 91 (46.6%) in the validation set. 

Fifty persons (48.5%) in the derivation set tested positive for

ARS-CoV-2. Patients with negative swabs had other bacterial or

iral infections (35 cases, 66.0%), cardiovascular and gastroenteric

iseases (2 cases each, 7.6%), neoplasia (4, 7.6%), other/unspecified

onditions (10, 18.8%). The derivation cohort was mainly composed

f men (58.3%), with 53 years of median age (interquartile range,

QR, 38-70). Forty-one patients (39.8%) had at least one comor-

idity among cardiovascular disease, hypertension, diabetes, active

ancer and COPD. Fifty-two patients reported a possible contact

ith a case of COVID-19. At admission, the most frequent symp-

oms were represented by fever (88.3% of cases), cough (57.3%)

nd dyspnoea (35.9%). Twenty-three of 99 (23.2%) patients with a

hest-X ray had interstitial pneumonia. 

Five variables independently predicted COVID-19 diagnosis: the

resence of an epidemiological link (aOR 10.35, p = 0.001), total

hite blood cell count (per 100 cells/μL more, aOR 0.96, p = 0.001),

 CRP level < 5 mL/min (versus ≥5 mL/min, aOR 0.07, p = 0.002), the

resence of the triad fever, cough and dyspnoea (versus the ab-

ence, aOR 10.02, p = 0.012), time since symptoms onset (per 1 day

ore, aOR 1.33, p = 0.001). 

The validation group (90 persons) included 30 persons (33.3%)

ith a positive swab. Alternative diagnosis in patients without

OVID-19 were: other viral or bacterial infections (30 of 60, 50.0%),

ardiovascular disease (6, 10.0%), gastroenteric disease (8, 13.3%),

eoplasia (9, 15.0%), other/unspecified conditions (7, 11.7%). 

Overall, the validation group was mainly composed by men

57.8%), with 73 years of median age. Sixty-three patients (70.0%)

ad at least one comorbidity. Most of them also presented with

ever (75.6%), cough (37.8%) and dyspnoea (55.6%). Compared with

atients in the validation group, COVID-19 positive patients in

erivation group were younger (60 versus 70 years of median

ge), had less frequently interstitial pneumonia at chest X-ray

38.0% versus 66.7%), more frequently fever (98.0% versus 86.7%)

nd cough (68.0% versus 40.0%) at admission, and lower median

latelets count (169 versus 229 × 10 5 cells/μL). 

Starting from regression coefficient, a score system was built in

he derivation set (see table 1 ). 

In the derivation group the ROC AUC for this model was 0.89

95% CI 0.83-0.96) indicating excellent discriminatory power. Result

f the Hosmer-Lemeshow chi-squared testing ( χ2 13.50, p = 0.334)

lso indicated good calibration. A cut-off of ≥-3 showed the high-

st negative predictive value (100%), whereas a cut-off of ≥5 ex-

ibited the highest positive predictive value (100%). 

When applied to the validation set, the predictive score demon-

trated good predictive power, with a ROC AUC of 0.83 (95% CI

.74-0.92), and a good calibration (Hosmer-Lemeshow χ2 7.58,

 = 0.476). A score cut-off of ≥-3 exhibited the highest negative

redictive value (100%) and a cut-off of ≥3 had the highest pos-

tive predictive value (72.7%). Fig. 1 compares the score ROC AUC

n both derivation and validation sets. 

As noticed by Bermejo-Martin et al. [1] , biomarkers are ur-

ently requested for correct categorization of patients with COVID-

9. Several evidences showed that lymphopenia could have a prog-

mailto:skk31@cantab.net
https://doi.org/10.1016/j.jinf.2020.05.045
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jinf.2020.05.044&domain=pdf
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Table 1 

Estimated points corresponding to each risk factor category. 

Risk factor Categories Reference value (W ij ) βi 

Points = 

βi(W ij − W iREF )/B 

Epidemiological link (presence vs absence) 

Absent 

Present 

0 = W iREF 

1 

2.34 

0 

3 

Total white blood cell count 

(per cells/μL increase) 

0-4,0 0 0 

> 4,0 0 0-6,0 0 0 

> 6,0 0 0-8,0 0 0 

> 8,0 0 0-10,0 0 0 

> 10,0 0 0-12,0 0 0 

> 12,0 0 0-14,0 0 0 

> 14,0 0 0-16,0 0 0 

> 16,0 0 0 

3,0 0 0 

5,0 0 0 

7,0 0 0 = W iREF 

9,0 0 0 

11,0 0 0 

13,0 0 0 

15,0 0 0 

17,0 0 0 

-0,0 0 038 2 

1 

0 

-1 

-2 

-3 

-4 

-4 

C-reactive protein 

≥5 mL/L 

< 5 mL/L 

0 = W iREF 

1 

-2.62 

0 

-3 

Fever, cough and dyspnoea at admission 

Absence 

Presence 

0 = W iREF 

1 

2.31 

0 

3 

Days since symptoms onset 0-3 

> 3-6 

> 6-9 

> 9-12 

> 12-15 

1.5 

4.5 = Ref 

7.5 

10.5 

13.5 

0.29 -1 

0 

1 

2 

3 

Fig. 1. Receiver-operator characteristic curves (ROC AUC) for the scoring system in 

the derivation and validation set. 

n  

a  

w  

n  

w  

p  

m  

a  

t  

r  

t  

o  

f  

c  

h  

t  

t  

a  

c

F

T

 

D

A

 

t  

M  

P  

A

R

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ostic value in COVID-19 [1] , in addition to its diagnostic value,

lready recognized in Chinese guidelines [6] . Interestingly, in our

ork total white cells count was more associated with a diag-

osis of COVID-19 than lymphocytes count. This could be related

ith an overall low severity spectrum of disease shown by our

atients (only a half of COVID-19 patients had interstitial pneu-

onia at admission). CRP, epidemiological link, clinical symptoms

nd time since symptoms onset were also associated with the pre-

est probability of COVID-19. Particularly, the derived prediction-

ule showed higher utility in ruling-out COVID-19 diagnosis: in

he derivation and validation groups only 1 of 21 (4.8%) and 2

f 29 (6.9%) patients with a score of less than -1 tested positive

or SARS-CoV-2. Despite its intrinsic limitations (retrospective data

ollection, derivation and validation cohorts belonging to the same

ospital), our works represents to our knowledge the first attempt

o measure the impact of an easily-available score for stratifying

he risk of COVID-19. This could represent an important tool for

ssisting clinicians as well for driving hospital policies of infection

ontrol, particularly in resource-limited settings. 
unding 

This study was performed as part of our routine work. 
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Dear Editor, 

The clinical manifestations of coronavirus disease 2019 (COVID-

19), caused by the severe acute respiratory syndrome coronavirus

2 (SARS-CoV-2), 1 range from asymptomatic, mild pneumonia to
A. Borghetti

Fondazione Policlinico Universitario Agostino Gemelli IRCCS, Rome,

Italy

A. Ciccullo ∗

Fondazione Policlinico Universitario Agostino Gemelli IRCCS, Rome,

Italy

Dipartimento di Sicurezza e Bioetica, Sezione di Malattie Infettive,

Università Cattolica del Sacro Cuore, Rome, Italy

M. Paratore, F. Rovedi, L. Stella

Dipartimento di Medicina e chirurgia traslazionale, Università

Cattolica del Sacro Cuore, Rome, Italy

A. Marchetti

Fondazione Policlinico Universitario Agostino Gemelli IRCCS, Rome,

Italy

P. Cattani

Fondazione Policlinico Universitario Agostino Gemelli IRCCS, Rome,

Italy

Dipartimento di Scienze Biotecnologiche di Base, Cliniche,

Intensivologiche e Perioperatorie, Università Cattolica del Sacro Cuore,

Rome, Italy

L. Zileri Dal Verme

Fondazione Policlinico Universitario Agostino Gemelli IRCCS, Rome,

Italy

R. Cauda

Fondazione Policlinico Universitario Agostino Gemelli IRCCS, Rome,

Italy

Dipartimento di Sicurezza e Bioetica, Sezione di Malattie Infettive,

Università Cattolica del Sacro Cuore, Rome, Italy

A. Gasbarrini

Fondazione Policlinico Universitario Agostino Gemelli IRCCS, Rome,

Italy

Dipartimento di Medicina e chirurgia traslazionale, Università

Cattolica del Sacro Cuore, Rome, Italy

S. Di Giambenedetto

Fondazione Policlinico Universitario Agostino Gemelli IRCCS, Rome,

Italy

Dipartimento di Sicurezza e Bioetica, Sezione di Malattie Infettive,

Università Cattolica del Sacro Cuore, Rome, Italy

∗Corresponding author: Dr. Arturo Ciccullo, L.go F. Vito 1, 00168

Rome (Italy), Tel. + 39 0 63015536 6.

E-mail address: arturo.ciccullo@gmail.com (A. Ciccullo)

+ Members are enlisted in the Acknowledgements section

Accepted 22 May 2020

Available online 27 May 2020

https://doi.org/10.1016/j.jinf.2020.05.044 

© 2020 The British Infection Association. Published by Elsevier 

Ltd. All rights reserved. 

Follow-up study on pulmonary function and radiological 

changes in critically ill patients with COVID-19 
2  
cute respiratory distress syndrome (ARDS). 2 An epidemiological

tudy with 72,314 patients has reported that around 4.7% of pa-

ients with COVID-19 developed ARDS, and the mortality rate in

hese patients was up to 49%. 3 Most patients surviving from ARDS

aused by other coronaviruses like SARS-CoV and Middle East res-

iratory syndrome coronavirus suffered from impaired pulmonary

unction and radiological abnormalities. 4 , 5 Up till now, follow-up

ata regarding critically ill COVID-19 survivors is rare. To facili-

ate the understanding of the prognosis of these patients, we here

resent a follow-up study of two COVID-19 patients with severe

RDS up to 3 months after the illness onset. 

Two patients with COVID-19 who developed severe ARDS in The

econd People’s Hospital of Fuyang (Anhui, China) were enrolled.

nstitutional review board approval and written informed consent

ere obtained. 

Patient 1 was a 20-year old female working in Wuhan and re-

urned to Fuyang to celebrate the Spring Festival with her fam-

ly. She presented in the hospital with fever, dry cough, and dete-

iorated dyspnea for 10 days on 29 January 2020. On admission,

er vital signs were unstable (temperature 39 °C, heart rate 112

eats per minute, respiratory rate 32 breaths per minute, blood

ressure 104/65 mmHg) with obvious dyspnea (SpO2 89% under

onventional oxygen therapy of 40% FiO2). Laboratory results in-

icated leukopenia (2.65 × 10 9 /L), lymphopenia (0.45 × 10 9 /L), ele-

ated C-reactive protein (CRP) (102 mg/L), IL-6 (62 pg/ml) and d -

imer (1.06 mg/L). Arterial blood gas analysis (ABGA) reported im-

aired oxygenation of PaO2/FiO2 at 213 mmHg. The diagnostic RT-

CR on a nasopharyngeal swab specimen was positive for SARS-

oV-2 and a chest CT scan illustrated bilateral pneumonia ( Fig. 1 a).

opinavir-ritonavir (500 mg, twice per day) was administrated im-

ediately. Her condition progressed rapidly on illness day 12 and

he required intubation and mechanic ventilation because of se-

ere ARDS (PaO2/FiO2 92 mmHg). On illness day 17, both oxygena-

ion (PaO2/FiO2 348 mmHg) and chest CT significantly improved

 Fig. 1 b), and she was then weaned from mechanical ventilation.

he was discharged on illness day 21 with mild lung abnormali-

ies on chest CT images ( Fig. 1 c). One month later after discharge,

oth chest CT scan ( Fig. 1 d) and pulmonary function test (forced

ital capacity (FVC) of predicted 103.7%, FEV1/FVC 84.64%, carbon

onoxide diffusing capacity (DLCO) of predicted 94%) indicated

o-abnormalities. 

Patient 2 was a 68-year old man who permanently resides

n Fuyang. He visited the hospital because of fever (37.5 °C) and

ough for one week on 4 February 2020. The nasopharyngeal swab

as positive for SARS-CoV-2 by RT-PCR and a chest CT revealed

ilateral ground-glass opacity ( Fig. 2 a). Laboratory results indi-

ated leukopenia (3.33 × 109/L), lymphopenia (0.55 × 109/L), ele-

ated CRP (116 mg/L), and IL-6 (357 pg/ml). His-condition was sta-

le on admission, with oxygen saturation of 97% on ambient air.

opinavir-ritonavir (500 mg, twice per day) was administrated. He

eported the history of hypertension and diabetes for around 10

ears, blood pressure and glucose were controlled well, no history

f chronic respiratory diseases. On illness day 12, he was trans-

erred to the intensive care unit and converted to invasive me-

hanical ventilation because of worsening oxygenation (PaO2/FiO2

4 mmHg) and progressing abnormalities on chest CT scan with

xtensive ground-glass opacities and partial consolidation on bi-

ateral lungs ( Fig. 2 b). His-oxygenation improved slowly, but could

ot be weaned from mechanic ventilation, hence he received a

racheostomy on illness day 22. During this period, bronchoalve-

lar lavage culture reported Escherichia coli that was sensitive to

arbapenems but resistant against third-generation cephalosporins.

herefore, imipenem was administrated. On illness day 30, oxy-

enation of the patient suddenly deteriorated, and a chest CT scan

evealed right-sided pneumothorax ( Fig. 2 c). The patient then re-

eived thoracic drainage with a closed system which was removed

 days later. On illness day 35, the oxygenation of the patient im-

mailto:arturo.ciccullo@gmail.com
https://doi.org/10.1016/j.jinf.2020.05.044
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Fig. 1. Transverse serial CT scans from a 20-year-old woman with COVID-19. (a) On admission (Day 10 from onset of symptoms): multiple areas of consolidation in bilateral 

lungs with peripheral and basal distribution. (b) On the day weaned from mechanical ventilation (Day 17): opacifications being dissipated into ground-glass opacities and 

irregular linear opacities. (c) On the day discharged from hospital (Day 21): ground-glass opacities and consolidations with decreased extent. (d) One month after discharge 

(Day 50): no abnormalities presented. 

Fig. 2. Transverse serial CT scans from a 68-year-old man with COVID-19. (a) On admission (Day 7 from onset of symptoms): small air space consolidation in right lung, 

largely peripheral in location. (b) On the day received invasive mechanical ventilation (Day 12): Disease deteriorated with extensive ground-glass opacities, air space consoli- 

dation in bilateral lungs, mainly with peripheral and basal distribution. (c) On day 30, right pneumothorax has developed. (d) On the day discharged from hospital (Day 45): 

still had obvious abnormalities on bilateral lungs with gradually dissolved ground-glass opacities superimposed with irregular linear densities, partially presented as sub- 

pleural reticular opacities, cysts and bronchiectasis were also identified. (e) Two months follow-up scan (Day 60): Gradual resolution of bilateral ground-glass opacities and 

consolidation, with distortion of architectures and bronchiectasis. (f) Three months follow-up scan (Day 90): almost all ground-glass opacities dissolved, showing reticular 

densities, distortion of architectures and bronchiectasis in bilateral lungs with volume loss suggestive of fibrotic changes. 
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proved and he was successfully weaned from mechanic ventila-

tion. He was discharged from hospital on illness day 45 with ob-

vious abnormalities on the chest CT scan ( Fig. 2 d). Because of the

impaired pulmonary function on discharge, he was transferred to

a rehabilitation center. Two months after the onset of illness, he

went to the hospital for the first follow-up visit. The pulmonary

function test indicated restrictive lung function defect, with de-

creased FVC of predicted (62.3%) and DLCO of predicted (49.6%),

but FEV1/FVC was at the normal range of 80.1%, which was con-

sistent with the manifestations on chest CT images ( Fig. 2 e). On

the second follow-up visit (3 months after illness onset), almost

all ground-glass opacities were dissolved, but with obvious archi-

tectural distortion, bronchial dilatation and volume loss in bilateral

lungs suggestive of fibrotic changes on chest CT ( Fig. 2 f). Lung ven-

tilation was worse than that of the previous month, featured as

the restrictive pulmonary disease with decreased FVC of predicted

(54%), but diffusion capacity improved significantly, albeit it was

still lower than that of the normal range (DLCO of predicted in-

creased from 49.6% to 64.3%). The patient complained of shortness

of breath and general weakness (6-minute walking distance was

200 m), and ABGA indicated low PaO2 (61.6 mmHg) on ambient

air. 

Discussion 

Little is known about the sequelae of COVID-19. The two pa-

tients reported in this study showed distinct consequences. The

young patient completely recovered with non-abnormality on both

chest radiology and function tests, while the older patient man-

ifested with obviously radiological changes and functional defects

during the follow-up period. The results of the older patient in this

study, suggest that a proportion of severe COVID-19 patients devel-

oped fibrosis. Similar fibrotic changes had been reported for SARS,

which seem to have the ability of self-rehabilitation as gradual im-

provements were observed over time. 6 , 7 Nevertheless, the restric-

tive ventilatory defect and impaired diffusion capacity still affect

the patient’s physical abilities significantly in the early recovering

stage, which suggests the importance of early rehabilitation. 8 The

limitation of this study was the short-term follow-up of only two

cases; therefore, to understand any long-term effects of COVID-19,

long-term follow-up studies with large cohorts of patients are war-

ranted. 
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espiratory syndrome coronavirus 2 (SARS-CoV-2) disease (COVID-

9) that affected more than 40 0 0,0 0 0 persons and killed 30 0,0 0 0

round the world during the last 6 months ( 1 , 2 ). Like Peiris and al.

uggested with the SARS-CoV1, we believe that an effective antivi-

al agent is needed to decrease the viral load and direct cytolytic

amage during the first phase of infection, and in turn reduce the

mmunologic storm during the second phase with the risk of pro-

ression to acute respiratory distress syndrome ( 3 ). Among existing

ntiviral therapeutics tested, protease inhibitors seemed promising,

nd ritonavir-boosted lopinavir (LPV/r) has been shown to inhibit

he replication of SARS-CoV-2 in vitro and in hospitalized patients

 4–6 ). 

Here we report the viral dynamics in multiple clinical samples

n regards to pharmacological LPV/r levels during and after treat-

ent in a SARS-CoV-2-infected patient. This first SARS-CoV-2 in-

ection in a French resident was diagnosed in our department on

anuary 29th 2020, six days after his exposure to a laboratory-

onfirmed case from Asia ( 7 ). 

We performed monitoring of SARS-CoV-2 infection from day

 (D2) after onset of symptoms in different sequential clinical

amples by real-time RT-PCR targeting E gene ( 8 ). Viral loads

ere estimated with the cycle threshold (Ct) values: Ct > 50 was

onsidered as negative. Detection of specific antibodies was per-

ormed on plasma specimens with the Abbott SARS-CoV-2 IgG as-

ay. When chest CT-scan confirmed small areas of ground-glass

pacities in both lower lungs on D9, the patient started ritonavir-

oosted lopinavir (LPV/r) 40 0/10 0 mg BID until hospital discharge

n D18. LPV plasma concentration (C min ) was measured by liquid

hromatography tandem mass spectrometry method (LC-MS/MS);

he limit of quantification (LOQ) was 15 ng/mL. 

The outcome of the patient was good. He experienced the typ-

cal pattern of COVID-19 symptoms, such as sore throat, muscle

ain, headaches and anosmia, then lung infection signs but did not

evelop severe pneumonia and never required supportive treat-

ents with oxygen or immunomodulators. During the whole pe-

iod of viral monitoring, SARS-CoV-2 RNA was detected not only

n nasopharyngeal swab (NPS), but also in induced sputum, saliva,

lasma, and stool ( Fig. 1 ). However, SARS-CoV-2 RNA was never

etected in urine. The whole genome sequence obtained from pos-

tive NPS sample is available in Global Initiative on Sharing All In-

uenza Data (GISAID) with the sequence number EPI_ISL_408,431.

etween D2 and D4, high viral loads (Ct < 30) were detected in NPS,

nduced sputum, saliva, and plasma. Viral load decreased gradually

n NPS to become undetectable on D15, after 6 days of treatment.

n plasma, after a rapid initial drop, a low-level rebound (Ct > 35)

ccurred on D11 and D12, corresponding to a transient plateau in

PS. This phenomenon was observed between 2 and 3 days af-

er the start of LPV/r treatment and despite expected LPV C min . On

14, SARS-CoV-2 RNA was still detected at high level (Ct < 30) in

putum, but at low level (Ct > 35) in NPS, illustrating differential

ompartmentalization of SARS-CoV-2 in upper and lower respira-

ory tracts. SARS-CoV-2 RNA was detected once in stool sample

n D23, after LPV/r removal. Further additional samples (i.e., NPS,

aliva, plasma and stool) collected on D30 and D90 were negative

or SARS-CoV-2. In terms of immunity, IgG seroconversion was ev-

denced on D16 ( Fig. 1 ). 

In a retrospective cohort study, 96 patients infected with SARS-

oV-2, the median duration of virus detection in NPS samples var-

ed from 14 to 21 days according to disease severity ( 9 ). A recent

tudy showed that SARS-CoV-2 RNA could not be detected in NPS

rom half of non-severe patients after 14 days of LPV/r treatment

 10 . However, in a randomized trial involving 199 patients, LPV/r

reatment did not significantly improve clinical symptoms or sur-

ival, nor diminish throat viral RNA detectability in late-presenters

atients with severe pneumonia ( 11 ). Interestingly, in a post-hoc

nalysis of the subgroup of patients treated less than 12 days after
he onset of symptoms, clinical cure was obtained after 16 days in

he LPV/r arm versus 17 days and the mortality rate was 19.0% ver-

us 27.1%, without statistical significance, possibly due to the weak

tudy power. In our study, the viral clearance in NPS of this single

atient was obtained within 2 weeks, coinciding with the antibody

esponse (D16). The rebound of viral load observed in NPS during

reatment could be explained by the transient subtherapeutic lev-

ls of LPV/r between D13 and D15. The SARS-CoV-2 RT-PCR be-

ame positive in stool only after the end of treatment, addressing

he question of longer treatment need for oro-fecal transmission

revention. 

Our findings suggest that, if LPV/r treatment does not seem to

onstitute the treatment of choice for salvage therapy in patients

ith severe COVID-19, it could be effective in early presenting non-

evere patients to decrease the SARS-CoV-2 load and to prevent the

econdary immune-related severe evolution. 

Ritonavir-boosted lopinavir (LPV/r) use in SARS-CoV-2 ′ s in-

ected patients should be better evaluated in a prospective con-

rolled study including multisite drug dosages and pharmacoki-

etic/pharmacodynamic (PK/PD) study, and treatment should be

iven for at least 14 days to reduce long-term viral carriage and

elated transmission risks. 

thics 

The patient signed an informed consent accepting the extra

ests performed for this study. The Infectious Diseases Department

btained the clearance from the Hospital’s Ethic Committee to pro-

eed with COVID-19 cohort follow-up. 
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Fig. 1. Viral dynamics in multiple and sequential clinical samples and kinetics of lopinavir plasma concentrations in a patient with confirmed SARS-CoV-2 infection and 

treated with oral ritonavir boosted lopinavir. Real-time RT-PCR targeting viral E gene, presented by reverse Ct values on left vertical axis, was performed in serial different 

types of clinical samples collected from the patient: nasopharyngeal swab ( �), induced sputum ( �), saliva ( �), plasma ( � ), and stool ( �). Lopinavir concentration ( ●), 

expressed in ng/mL on right vertical axis, was measured in sequential plasma samples by liquid chromatography tandem mass spectrometry method. Range of lopinavir 

minimal plasma concentrations: 4.660 ± 2.250 ng/mL Duration of ritonavir-boosted lopinavir (40 0/10 0 mg) treatment (D9 to D18) is indicated on the top of the graph. SARS- 

CoV-2 antibody response (IgG seroconversion) in indicated on the graph (D16). Undet: undetectable (Ct > 50). 
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ear Editor, 

We read with interest the recent article by Wang G and col-

eges describing the higher sensitivity of Xpert MTB/RIF Ultra

ompared to Xpert MTB/RIF in the diagnosis of paucibacilliary
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se of Xpert MTB/RIF in a low prevalence setting in the 

outhwest of England 
Fig. 1. Overview of Xpert TB/RIF
B. 1 We have performed a local study looking at the sensitivity

nd specificity of Xpert MTB/RIF in our local population. The use

f rapid molecular methods in the diagnosis and prevention of

ransmission of tuberculosis is recommended by both NICE 2 and

ublic Health England, 3 but adoption of these recommendations

round the country is variable. Variation may relate to confidence

n using rapid molecular methods as much of the data to support

se comes from areas with a high incidence of tuberculosis. In

017, Parcell Benjamin et al. 4 demonstrated, in their cohort in a

ow prevalence area, that sensitivity of Xpert MTB/RIF (Cepheid)

as 95.8%. Chaisson Lelia et al. 5 showed that using a combination

f smears and one or two samples for rapid molecular testing

educed both isolation times and length of hospital stay. 

We reviewed the use of Xpert MTB/RIF in a tertiary centre with

 tuberculosis prevalence of 4.3 per 10 0,0 0 0 population (compared

o national prevalence of 10.2 per 10 0,0 0 0). At the time of the

eview, molecular testing was limited to samples that were smear

ositive (excluding patients with a diagnosis of bronchiectasis,

ystic fibrosis or a positive result in the past 3 months), or smear

egative cases where the requesting clinician thought additional

esting would be of value. The aim was to establish the sensitivity

f Xpert MTB/RIF in a low prevalence setting in England. We

erformed a retrospective analysis of all samples processed using

pert MTB/Rif since the initiation of testing in our laboratory.

ver the two and half years a total of 126 samples were processed

 Fig. 1 ). In the final analysis we included 80 specimens. 

The sensitivity of Xpert MTB/RIF using culture as the gold stan-

ard was 95.1% (95% CI 0.839–0.987). In comparison the sensitivity

f smears using culture as the gold standard was 82.9% (95% CI

.687–0.915). This evaluation demonstrates that the use of Xpert

TB/RIF on a selected population is more sensitive than using

mear. This could help time to treatment. Furthermore, the sam-

les used for testing included sputum and non-sputum samples
 and cultures performed. 

mailto:elisemarie.klement@aphp.fr
mailto:sonia.burrel@aphp.fr
mailto:gilles.peytavin@aphp.fr
mailto:stephanesylvain.marot@aphp.fr
mailto:minh.le@aphp.fr
mailto:nagisa.godefroy@aphp.fr
mailto:vincent.calvez@aphp.fr
mailto:anne-genevieve@aphp.fr
mailto:eric.caumes@aphp.fr
mailto:valerie.martinez@aphp.fr
mailto:david.boutolleau@aphp.fr
https://doi.org/10.1016/j.jinf.2020.05.039
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jinf.2019.11.007&domain=pdf


198 Letters to the Editor / Journal of Infection 82 (2021) 159–198 

Table 1 

Comparison of Xpert MTB/Rif and smear against MTB culture based on sample type. 

Specimen type Total (%) Culture positive for MTBC Smear positive when Culture positive for MTBC (%) PCR positive when culture positive for MTBC (%) 

BAL 17 (21) 7 6 (86) 7 (100) 

CSF 2 (3) 1 0 1 (100) 

Fluid 2 (3) 1 1 (100) 1 (100) 

Not listed 8 (10) 3 3 (100) 3 (100) 

Pus 1 (1) 1 1 (100) 1 (100) 

Sputum 45 (56) 26 23 (88) 25 (96) 

Tissue 5 (6) 2 0 1 (50) 
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( Table 1 ). The current standard microbiological investigations 6 in

the United Kingdom recommends that the Xpert MTB/RIF should

be used in accordance to the manufacturer’s instructions. This

would preclude testing on all samples except sputum. There are

many studies, and endorsements by the World Health Organisa-

tion 

7 , 8 for the use of Xpert MTB/RIF on other sample types such

as cerebrospinal fluid. A recent publication on the use of Xpert

MTB/RIF for the diagnosis of bone and joint tuberculosis in the

UK 

9 demonstrated that, patients whose biopsy samples underwent

molecular testing waited significantly less time to start treatment. 

The negative predictive value of molecular testing also makes

it a valuable tool for infection control. At present the smear is

the investigation of choice used to judge the relative infectivity of

a patient. We propose that to judge infectivity a smear could be

performed on a sample that is positive by molecular testing. This

would reduce the number of smears needed and therefore reduce

the workload in many routine microbiology laboratories. 

The current recommendation is that laboratories who perform

less than 10 smears a week should not perform smear testing 10 .

These laboratories could use Xpert MTB/RIF as the level of experi-

ence required for a smear is not required for a test. Furthermore,

the recommendation to report smears within 24 h, six days a

week is often not met due to the time taken to perform smears.

The main concern with such a move is the positive predictive

value of the test is influenced by the prevalence of tuberculosis in

the population. Indiscriminate use could generate false positives.

The results of our evaluation and the other limited data available

from low prevalence settings demonstrate that where the clinical

suspicion is high then the use of molecular testing may be more

efficient than using smears as first line testing. 

Yours sincerely, 
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