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Table 1 

Demographic and clinical characteristics of the patients with COVID-19 in a resi- 

dential treatment center ( n = 199). 

Variable Value 

Sex - male, n (%) 69 (34.7) 

Age, mean ± SD 38.0 ± 13.1 

Chronic medical conditions 12 (6.0) 

Diabetes mellitus 5 (2.5) 

Hypertension 7 (3.5) 

Cerebral infarction 2 (1.0) 

Others ∗ 2 (1.0) 

Asymptomatic infection 53 (26.6) 

Symptoms 

Fever 38 (19.1) 

Myalgia 34 (17.1) 

Headache 7 (3.5) 

Fatigue 8 (4.0) 

Cough 82 (41.2) 

Sputum 41 (20.6) 

Sore throat 15 (7.5) 

Rhinorrhea/nasal stuffiness 60 (30.2) 

Anosmia 52 (26.1) 

Duration, mean ± SD 8.4 ± 6.0 

Ageusia 45 (22.6) 

Duration, mean ± SD 7.5 ± 5.6 

Anorexia 1 (0.5) 

Diarrhea 9 (4.5) 

Chest pain 7 (3.5) 

Pneumonia 5 (2.5) 

Duration of viral shedding, mean ± SD 24.5 ± 4.8 

SD, standard deviation. 
∗ 1 arthritis, 1 migraine. 
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Dear Editor, 

Coronavirus disease 2019 (COVID-19) bears several challeng-

ing problems, including insidious symptom onset, subclinical man-

ifestations and highly transmissible property during early stage

of infection. 1 In the recent study by Huang et al., SARS-CoV-2-

infection presented strong infectivity during the incubation period

with rapid transmission. 2 Some patients with COVID-19 are asymp-

tomatic, while others complain of atypical symptoms including loss

of smell and taste sense. 3 However, there is insufficient data on

the prevalence of asymptomatic infection and atypical manifesta-

tions of COVID-19. In this study, we aimed to evaluate the preva-

lence of asymptomatic infection, anosmia (smell loss) and ageu-

sia (taste loss) among patients with mild COVID-19 in a residential

treatment center (RTC). We also compared the duration of SARS-

CoV-2 viral shedding between groups with different clinical mani-

festations. 

An observational cohort study was conducted for 199 patients

with COVID-19 in a RTC at Gyeongju, Gyeongsangbuk province, Re-

public of Korea (ROK). The RTC was introduced to care patients

with mild COVID-19 for the efficient distribution of limited med-

ical resources during large epidemic in early March 2020. Data on

demographic findings, symptoms, and duration of viral shedding

were collected. The patients were interviewed about initial symp-

toms and their duration in detail. Real-time PCR (RT-PCR) to detect

SARS-CoV-2 was performed every 2–7 days. Duration of viral shed-

ding was considered as time from diagnosis date to the day be-

fore first negative conversion of two consecutive negative results

of RT-PCR. RT-PCR was conducted using Allplex 2019-nCoV assay

(Seegene, Seoul, South Korea). Statistical analyses were performed

using SPSS 20.0 program. Mann-Whitney U test was performed to

compare the duration of viral shedding between groups with dif-

ferent clinical manifestations. P -value < 0.05 was considered sta-

tistically significant. This study was approved by the Institutional

Review Board of Korea University Guro Hospital (approval number:

2020GR0135). 

Among 199 patients with COVID-19, male was 34.7% and mean

age of the patients was 38.0 years ( Table 1 ). Most patients (187,

94.0%) were healthy without chronic medical conditions. Among

199 patients, 26.6% were asymptomatic. In the early study, asymp-

tomatic cases accounted for 10.7% (3/28) of COVID-19 cases in

the ROK. 1 Asymptomatic proportion of COVID-19 was estimated as

17.9% (95% credible interval, 15.5–20.2%) on the Diamond Princess

cruise ship, Japan. 4 Among clinical manifestations, cough (41.2%)

was most common, followed by rhinorrhea and nasal stuffiness

(30.2%). Of note, 26.1% (52/199) of patients presented anosmia, and

22.6% (45/199) complained of ageusia. Thirty-eight (19.1%) patients

complained of both anosmia and ageusia. Duration of anosmia and

w  

https://doi.org/10.1016/j.jinf.2020.05.035 

0163-4453/© 2020 The British Infection Association. Published by Elsevier Ltd. All rights r
geusia ranged 2–28 days (median, 7 days) and 3 - 28 days (me-

ian, 7 days), respectively. Recently, substantial number of patients

ith COVID-19 were reported globally to have developed anosmia

r hyposmia. 3 , 5 Among 59 hospitalized patients with COVID-19,

3.9% reported olfactory or taste disorder in Italy 3 . This is consis-

ent with current observations: among 146 symptomatic patients,

5.6% developed anosmia and 30.8% had ageusia in this study. 

Mechanism of anosmia and ageusia induced by SARS-CoV-2 in-

ection was not elucidated. Upper respiratory infection is one of

he most common causes of olfactory dysfunction. 6 Coronavirus

29E was detected in nasal discharge of a patient with post-viral

lfactory dysfunction. 7 SARS-CoV spread in the brain via the olfac-

ory bulb in human angiotensin-converting enzyme 2 (ACE2) trans-

enic mice model. 8 SARS-CoV-2 use ACE2 for cell entry and ACE2

s widely expressed in the oral tissues, especially in tongue epithe-

ial cells. 9 Epithelial cells in salivary gland ducts were reported as

arly target cells of SARS-CoV in macaques model. 10 It may be pos-

ible that viral tropism and distribution of ACE2 contribute to the

evelopment of anosmia and ageusia in patients with SARS-CoV-2

nfection. Further research would be required on the mechanism of

ost-SARS-CoV-2 infection olfactory and taste dysfunction. 

Among the study population, mean duration of viral shedding

as 24.5 days. Duration of viral shedding was longer in symp-
eserved. 

https://doi.org/10.1016/j.jinf.2020.05.035
http://www.ScienceDirect.com
http://www.elsevier.com/locate/jinf
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jinf.2020.05.035&domain=pdf
https://doi.org/10.1016/j.jinf.2020.05.035
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Table 2 

Comparison of the duration of viral shedding according to the clinical manifesta- 

tions. 

Duration of viral shedding 

(days, mean ± SD) p value 

Asymptomatic 22.6 ± 4.0 < 0.01 ∗

Symptomatic 25.2 ± 4.9 

Fever 

Yes 26.6 ± 5.4 0.08 

No 24.7 ± 4.6 

Myalgia 

Yes 26.8 ± 5.4 0.15 

No 24.7 ± 4.6 

Headache 

Yes 27.0 ± 4.5 0.15 

No 25.1 ± 4.9 

Fatigue 

Yes 21.1 ± 4.7 0.02 

No 25.5 ± 4.8 

Cough 

Yes 25.6 ± 5.1 0.18 

No 24.7 ± 4.5 

Sputum 

Yes 26.8 ± 4.8 0.03 

No 24.6 ± 4.8 

Sore throat 

Yes 27.1 ± 4.2 0.13 

No 25.0 ± 4.9 

Rhinorrhea/nasal stuffiness 

Yes 25.9 ± 4.6 0.24 

No 24.7 ± 5.0 

Anosmia 

Yes 25.6 ± 4.9 0.48 

No 25.0 ± 4.9 

Ageusia 

Yes 25.0 ± 4.7 0.75 

No 25.3 ± 5.0 

Diarrhea 

Yes 25.0 ± 6.8 0.98 

No 25.2 ± 4.8 

Chest pain 

Yes 30.0 ± 4.7 0.01 

No 25.0 ± 4.8 

Pneumonia 

Yes 27.8 ± 3.8 0.20 

No 25.1 ± 4.9 

∗ comparison of asymptomatic cases versus symptomatic cases. 
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omatic patients than in asymptomatic patients (25.2 days versus

2.6 days, p < 0.01) ( Table 2 ). Particularly among symptomatic pa-

ients, those with chest pain released the virus significantly longer

30.0 days versus 25.0 days, p = 0.01). Prolonged viral shedding was

lso found in patients who complained of sputum (26.8 days ver-

us 24.6 days, p = 0.03). 

This study has some limitations. Anosmia and ageusia were

ubjective symptoms. Olfactory test was not performed, and quan-

itative scale of olfactory dysfunction was not measured. In addi-

ion, viability of SARS-CoV-2 detected by PCR was not proven us-

ng viral culture. However, this study is valuable in that it can pro-

ide detailed information about asymptomatic infections and atyp-

cal manifestations such as smell or taste dysfunction in patients

ith COVID-19. 

In conclusion, all patients with COVID-19 showed prolonged vi-

al shedding irrespective of clinical manifestations. Asymptomatic

atients have potential to spread SARS-CoV-2 without recognition.

hus, mask wearing, hand hygiene and social distancing would be

mportant to control the viral transmission. 
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Fig. 1. The distribution of COVID-19 vulnerability index and COVID-19 lack of cop- 

ing capacity index 

Source: Source of Figures: Marin-Ferrer M, Vernaccini L, Poljansek, K. Index for 

Risk Management INFORM Concept and Methodology Report — Version 2017, 

EUR 28655 EN, doi:10.2760/094023 https://publications.jrc.ec.europa.eu/repository/ 

bitstream/JRC106949/kjna28655enn.pdf 
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Dear Editor, 

Worldwide, the coronavirus disease 2019 (COVID-19) has in-

duced a substantial global burden. Since its first diagnosis in

Wuhan, China, its spread has affected 216 countries. 1 As of 16

May, 2020, there were more than 4.4 million cases and greater

than 302,0 0 0 confirmed deaths among patients with COVID-19.

Arguably, some nations with lower capacity to cope with the

pandemic, especially in low and middle-income countries, might

have poorer control of the disease. However, no previous study

has proven this association. On the contrary, a recent study pub-

lished in the Journal of Infection examined the association between

country-specific global health security index (GHSI) and the burden

of COVID-19, but the findings showed that countries with higher

GHSI did not have higher COVID-19 rate and had greater num-

ber of COVID-19 cases and deaths. 2 Hence, further exploration of

the association between country capacity and COVID-19 burden is

needed based on other indicators. 

The Joint Research Centre (JRC) of European commission has de-

veloped an index for risk management named “INFORM”, 3 which

is a composite indicator based on risk concepts published in the

literature. The INFORM model identifies countries at risk of disas-

ters and crisis that could overwhelm response capacity for each

country. It ranks countries based on their likelihood of requiring

global assistance; synthesizes a risk profile for each country that

demonstrates the degree of individual components at risk; and en-

ables trend analysis. 3 Two of its dimensions, namely vulnerabil-

ity and lack of coping capacity, are particularly relevant to the

COVID-19 pandemic. Vulnerability refers to the susceptibility of

populations to hazardous incidents, and the lack of coping capac-

ity represents inadequacy of resources that can alleviate the im-

pact of pandemics. The vulnerability dimension could be further

subdivided into socioeconomic factors (development and depriva-

tion [50%], inequality [25%], and aid dependency [25%]) and vul-

nerable groups (uprooted people or other groups). It represents the

economic, political and social features of the populations that can

be destabilised in the event of a hazardous incident. 3 The lack of

coping capacity measures if a country is unable to cope with dis-

asters through the government’s effort and existing infrastructure.

It could be institutional (disaster risk reduction and governance)

or infrastructure-related (communication, physical infrastructure,

and access to health systems). We aimed to evaluate if countries

with lower vulnerability and higher coping capacity were associ-

ated with better control of the COVID-19 pandemic, as measured

by incidence and mortality outcomes. 

We established a panel of experts consisting of epidemiolo-

gists, physicians, and public health professionals who were tasked

to determine the outcomes used in this study based on literature

review. After discussion the panel determined the following out-

come variables: the maximum 14-day cumulative incidence rate

per 10 0,0 0 0 population since the first case (22 January to 30 April,

2020); and the incidence and mortality per 10 0,0 0 0 population

within 30 days since the first COVID-19 diagnosis and first COVID-

19 related death, respectively, from the Johns Hopkins Centre for

Systems Science and Engineering (CSSE). 4 The variables tested for

association with these outcomes included the COVID-19 vulnera-

bility and the COVID-19 lack of coping capacity as of 2018. Three

linear regression models were constructed for the three outcomes

whilst adjusting for Gross Domestic Product (GDP) of the same

year for each nation; 5 and the population density of each country

from the World Population Review. 6 The study was approved by

the Survey and Behavioral Research Ethics Committee of the Chi-
The potential impact of vulnerability and coping capacity 

on the pandemic control of COVID-19 
ese University of Hong Kong (SBRE-19-592). All p values ≤ 0.05

ere considered statistically significant. 

The distribution of vulnerability and coping capacity scores was

hown in Fig. 1 . The COVID-19 vulnerability score was the high-

st in Italy (score 8.2 out of 10), Japan (8.2), Croatia (8.1) and

atvia (8.1). Countries with the severest lack of coping capacity

ncluded Central African Republic (9.4), Comoros (9.1), Equatorial

uinea (7.7), and Burundi (7.6). From multivariate regression anal-

sis ( Table 1 ), countries with higher vulnerability were signifi-

antly associated with higher maximum 14-day cumulative inci-

ence since the first case ( β coefficient 7.54, 95% C.I. 2.82, 12.27,

 = 0.002), as well as the incidence ( β coefficient 3.52, 95% C.I.

.94, 6.11, p = 0.008) and mortality ( β coefficient 0.50, 95% C.I. 0.17,

.84, p = 0.003) per 100,000 population within 30 days since the

rst COVID-19 diagnosis and first COVID-19 related death, respec-

ively. On the contrary, higher coping capacity was associated with

ower maximum 14-day cumulative incidence ( β coefficient -8.54,

5% C.I. -12.41, -4.68, p < 0.001), and lower incidence ( β coefficient

http://crossmark.crossref.org/dialog/?doi=10.1016/j.jinf.2020.05.060&domain=pdf
https://publications.jrc.ec.europa.eu/repository/bitstream/JRC106949/kjna28655enn.pdf
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Table 1 

The association between vulnerability index, ability to cope score and the incidence/mortality outcomes related to COVID. 

Incidence outcome (A) Incidence outcome (B) Mortality outcome (C) 

β coefficients 95% CI p β coefficients 95% CI p β coefficients 95% CI p 

COVID-19 Vulnerability index 7.54 2.82 12.27 0.002 3.52 0.94 6.11 0.008 0.50 0.17 0.84 0.003 

COVID-19 Coping capacity -8.54 -12.41 -4.68 < 0.001 -3.09 -5.00 -1.18 0.002 -0.34 -0.64 -0.04 0.028 

The linear regression models were controlled for Gross Domestic Product (GDP) and population density. Incidence outcome (A): the maximum 14-day cumulative incidence 

rate per 10 0,0 0 0 population since the first case from 22 January to 30 April, 2020; Incidence outcome (B): the incidence per 10 0,0 0 0 population within 30 days since the 

first COVID-19 diagnosis; and Mortality outcome: (C). the mortality per 10 0,0 0 0 population within 30 days since the first COVID-19 related death. 
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3.09, 95% C.I. -5.00, -1.18, p = 0.002) and mortality ( β coefficient -

.34, 95% C.I. -0.64, -0.04, p = 0.028) per 10 0,0 0 0 population within

0 days. There was no interaction or multicollinearity among the

ovariates. 

Our findings imply that reducing vulnerability and enhancing

apacity to cope could potentially mitigate the COVID-19 pan-

emic. Since the components of the two predictor variables are

odifiable, countries that aim to increase their capability to com-

at the COVID-19 pandemics could make reference to the detailed

ubcategories under these two dimensions. The government could

onsider to take active steps in enhancing the resilience of the so-

iety and availability of measures that could protect the vulnerable

opulation. Nevertheless, there are limitations of our study. Firstly,

here may be other confounders that could not be controlled for,

ncluding personal behaviour and the stringency of Governmen-

al policies, 7 such as measures related to social distancing, school

losure, supply of personal protective equipment (PPE), as well as

uarantine and containment strategies. 8-10 In addition, the COVID-

9 vulnerability used was developed in 2018, and we assumed that

he index of each country did not change before the beginning of

he pandemic in 2019. Also, we should emphasize that these are

reliminary findings, and the cause-and-effect relationships are yet

o be further examined by larger-scale studies. 

In conclusion, we identified vulnerability and ability to cope as

wo important aspects in the face of an infectious disease pan-

emic, and they bear a potential impact to mitigate the COVID-19

andemic. Future studies should evaluate the specific components

f these indices that exert the greatest impact on pandemic con-

rol. 
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Dear Editor , 

The severe acute respiratory syndrome coronavirus 2 (SARS-

CoV-2) that causes coronavirus disease 2019 (COVID-19) poses

multiple challenges to our healthcare systems. A particular chal-

lenge is the surge of hospital admissions with a significant frac-

tion requiring transfer to intensive care units (ICU) because of res-

piratory failure. 1 , 2 Early recognition of patients requiring ICU ad-

mission is a critical step in the management of COVID-19 patients.

We read with interest the communication in this Journal from Su

and colleagues who investigated the utility of clinical scoring sys-

tems to predict ICU requirement in patients with COVID-19. 3 Scor-

ing at admission may however be fraught with heterogeneity due

to the timing of presentation. Here, we asked whether a moni-

toring tool on the wards could help identify patients that would

require intensive care up to 36 hours in advance. Early warning

scores have been developed as composite scores to quantify pa-

tient’s deterioration. 4 We reviewed data from 36 consecutive PCR-

positive COVID-19 patients admitted to the medical wards of the

Lausanne University Hospital between March 2, 2020 and March

17, 2020 and examined whether a modified version of the Early

Warning Score (EWS) described by Prytherch et al. 4 could con-

tribute to an early identification of COVID-19 patients requiring

ICU admission. All variables described by Prytherch et al. were in-

cluded except for the AVPU variable, which is only documented

in a subset of departments at our hospital. Physiological variables

were analyzed during a 12 to 36-hour period prior to ICU admis-

sion (ICU group) or prior to the most abnormal respiratory vari-

ables (i.e. FiO2 or respiratory rate) (non-ICU group) defined as t 0 .

EWS was calculated at 12-hour intervals prior t 0 . Among the 36

patients, 9 were excluded for the following reasons: incomplete or

single set of physiological variables (7 patients), pregnancy or im-

mediate ICU admission (1 patient each). Nine required ICU admis-

sion and 17 did not. The median age (range) of patients was 74 yr

(39-86) in the ICU group and 65.5 yr (26-83) in the non-ICU group

( p = 0.793). Mean duration of symptoms prior to t 0 was 7.8 days

in the ICU-group and 7.6 days in the non-ICU group. Risk factors 2 

associated with severe COVID-19 were present in 80.8% of the pa-

tients (ICU group: 77.7% and non-ICU group: 82.3%). Fig. 1 shows

the evolution of the EWS over a study period up to 36 hours prior
An Early Warning Score to predict ICU admission in 

COVID-19 positive patients 
Fig. 1. Evolution of the Early Warning Score (EWS) over time in the two groups 

of patients. EWS was assessed at 12-h intervals over a 36-hour time period. Time 

zero refers to the time at which the last set of physiological variables was recorded 

prior to ICU admission (ICU group, red) or to the worst respiratory variables (non- 

ICU group, blue). Median (range) EWS was 1 (0-3) vs 7 (5-8) ( p = 0.25) at -36-h; 

4 (0-9) vs 7 (3-11) ( p = 0.1875) at -24-h, 2 (0-8) vs 9 (0-11) ( p = 0.0078) at –12-h 

and 9 (7-12) vs 4 (0-8) ( p = 0.0078) at -0h (Wilcoxon test). Number of patients per 

treatment group at each time point (-36h: 3 vs. 11; -24h: 7 vs 12, -12h: 9 vs 15, 

0h: 8 vs 17). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 0 in the two groups of patients. The median EWS was significantly

igher in a time-dependent manner in ICU group than in the non-

CU group ( p < 0.0 0 01) as assessed by mixed effects model 5 . At t 0
r t -12 hours, an EWS greater than 7 predicted ICU admission with

ensitivities and specificities of 87% and 93% and 94% and 78%, re-

pectively (AUROC 0.98 and 0.88, respectively). 

These data suggest that EWS may help clinicians identify in ad-

ance COVID-19 patients who will require ICU admission. The low

umber of patients considered and its retrospective and single-

enter setting limits this study. Still, in time of patient surge, this

imple tool may prove useful for initial triage in the emergency de-

artment and subsequent monitoring of patients upon admission

o hospital wards. 
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ear Editor, 

The rapidly spreading COVID-19 pandemic resulted in more

han 8.5 million cases diagnosed and 450,0 0 0 deaths on June 20th,

020. As described with other coronaviruses, SARS-CoV-2 was first

xpected to induce a monophasic disease with at least transient

mmunity. 1 , 2 Nevertheless, rare cases of suspected COVID-19 “re-

urrence” or “reactivation” have been reported, including the de-

cription by Ye & Colleagues in this journal of 5 patients with sus-

ected SARS-CoV-2 reactivation after home discharge. 3–6 

Similarly, the COCOREC (Collaborative study COvid RECurrences)

tudy aimed at summarizing clinical and virological data of pa-

ients presenting a second confirmed COVID-19 episode, at least

1 days after the first onset, and after a symptom-free interval

oxygen-free and discharge from acute-care unit (ACU), or return

o usual clinical state]. Cases were collected retrospectively at a

ulticenter observational level through the COCLICO (COllabora-

ive CLInician COVID-19) French study group meeting. A COVID-19

pisode was defined by ( i ) at least one recent major clinical sign

f COVID-19 including fever or chills, febrile flu-like-syndrome,

yspnoea, anosmia, or dysgeusia; and ( ii ) a positive SARS-CoV-2

T-PCR test. Patients were not included if a differential diagno-

is (amongst which bacterial, fungal or other viral superinfection,

hrombo-embolic complication, secondary organizing pneumonia 

r interstitial lung disease) could explain the symptom recurrence.

fter information, all patients agreed with the use of their anony-

ous medical data. The study has been approved by the Ethic

ommittee of French Speaking Society of Infectious Disease (CER-

IT), number 2020-0503 COVID. 

Between April 6th and May 14th, 2020, 11 patients were identi-

ed (sex ratio M/F 1.2, median age 55, range [19–91] years). The

edian duration of symptoms was 18 [13–41] days for the first

pisode and 10 [7–29] days for the second one for the 7 patients

ho eventually recovered. Epidemiological and clinical data are

ummarized in Table 1 . 

Four healthcare workers (patients 1–4, median age 32.5 [19–

3] years) without significant comorbidity had a first mild COVID-

9 episode with a complete recovery: three returned to work in

OVID units, one had possible COVID re-exposure at home (patient

). All of them experienced a clinical relapse requiring sick-leave
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linical recurrences of COVID-19 symptoms after recovery: 

iral relapse, reinfection or inflammatory rebound? 
a  

a  
ut no hospitalization after a median symptom-free interval of 9

7–14] days. 

In contrast, 7 older comorbid patients (patients 5–11, me-

ian age 73 [54–91] years) required ACU hospitalization for both

pisodes, with a clinical recovery of 11 [4–27] days in the interval.

uring the first episode, one patient received lopinavir, and three

orticosteroids. Six of them required oxygen therapy again during

he second episode. Two patients died of ARDS recurrence and an-

ther of chronic right heart failure worsening. 

All patients had a positive SARS-CoV-2 RT-PCR test in respira-

ory samples for both episodes ( Table 2 ). They all showed CT scan

igns of acute COVID-19 during the second episode, worsening for

 in 7 when comparison available, including a case of pulmonary

mbolism without sign of superinfection and no differential diag-

osis (supplementary Table). A SARS-CoV-2 serology was available

fter D21 for nine patients: five were positive, one slightly posi-

ive and three negative. A viral culture was performed on Vero E6

ells from naso-pharyngeal swabs of two patients during the sec-

nd episode; one was positive with a typical cytopathic effect of

ARS-CoV-2 and confirmed by RT-PCR; after sequencing, the strain

as shown to belong to the B2 European lineage (Rambaut et al.,

ioRxiv preprint, doi: https://doi.org/10.1101/2020.04.17.046086 ). 

Immunity to SARS-CoV-2 involves both cell-mediated and hu-

oral responses, but its protective role from re-infection along

ith definitive viral clearance is uncertain. 7 Our case series of 11

atients having experienced two separate symptomatic COVID-19

pisodes, associated with viral detection and no evidence for a dif-

erential diagnosis, raises two pathophysiological hypotheses un-

erlying these recurrences: viral reinfection or viral reactivation

rom sanctuaries. In the case of healthy healthcare workers with

ild symptoms at both episodes, a re-infection due to the pro-

onged exposition can be supposed, given the fact that the immune

esponse may faint in this young population with no invasive in-

ection. 8 The second group included vulnerable persons less likely

o have met the virus again and having presented two repeated

pisodes of hypoxemic pneumonia, fatal in three cases. Recurrence

ight have occurred due to a suboptimal control of the SARS-CoV-

 infection, allowing a second episode of viral replication. 

COVID-19 recurrences should be differentiated from secondary

omplications such as pulmonary embolism or super infection 

5 or

ersistence of traces of viral RNA that can be detected in respira-

ory samples up to 6 weeks after onset of symptoms in clinically-

ured patients. 9 

Immunosuppressive factors such as drugs or pathological con-

itions could contribute to impair viral clearance and favour SARS-

oV-2 reactivation. 10 Three of the 7 severe patients of our series,

nd 3 of 4 patients reported by Ye 3 received corticosteroids during

he first episode. Furthermore, from our 3 patients who developed

o SARS-CoV-2 antibodies more than 21 days after severe symp-

oms, two received recent chemotherapy and/or rituximab. 

An inflammatory rebound triggered by an inappropriate im-

une response could constitute an alternative explanation to the

ecurrence of clinical symptoms. Yet, the facts that viral RNA was

etected in all patients -some of them with low cycle threshold-

nd that a viral strain could be cultured during the second episode

or one of them rather support re-infection or virus replication’s

ebound. 

This work has some limitations. In addition to the limited num-

er of observations, the cure between episodes was only clinically-

efined (except for patient 6) because iterative RT-PCR controls

ere not recommended by French guidelines. Finally, viral culture

ould be performed only for two patients, with no phylogenic se-

uence comparison at this time. 

In conclusion, the fact that patients could experience re-

ctivation of a long-lasting virus carriage or might be re-infected,

s well as potential long-term effects of drugs or diseases that

mailto:sylvain.meylan@chuv.ch
https://doi.org/10.1016/j.jinf.2020.05.047
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Table 1 

Clinical characteristics of COVID 19 first and 2nd episodes, from onset of first episode (D1) to last follow-up (home-care patients: patients1–4; hospitalized patients: patients 5–11). 

Patients characteristics First episode 2nd episode 

Case Age Sex Past medical history Clinical characteristics Treatments 1st Clinical 

cure 

2nd ep 

onset 

Clinical characteristics Treatments Duration of 2nd 

episode (days) 

Outcome 

1 19 F None (HCW) FLS with no fever- 

cough-dyspnoea-AO-DG 

-headache-diarrhoea- 

otalgia- 

None D18 D26 FLS-cough-dyspnoea 

-chest pain 

None on-going home care 

2 32 F None (HCW) Cough-AO-myalgia- 

headache 

None D29 D36 FLS None 10 cured 

3 33 F First trimester 

pregnancy (HCW) 

Myalgia-headache- 

fatigue-nasal 

congestion-sore throat 

None D13 D27 Fatigue-nasal 

congestion-sore 

throat-chills 

None 8 cured 

4 43 M None (HCW) FLS-AO- headache None D14 D24 Cough-AO-myalgia 

headache-diarrhoea- 

fatigue 

None 29 cured 

5 85 M Bronchiectasis - CHD - 

pace maker - 

arrhythmia 

Fever-cough-dyspnoea- 

fatigue-confusion-falls 

O2, ATB D17 D44 Cough-dyspnoea- 

fatigue-chest 

pain-confusion-acute 

heart failure 

O2 6 cured 

6 54 M HT Fever-cough-dyspnoea 

-severe ARDS-fatigue 

ICU, OTI, 

ATB, 

LPV/rtv, CTS 

D41 D45 Cough-dyspnoea- 

diarrhoea-ARDS-fatigue 

ICU, OTI, ECMO, 

ATB 

34 death 

7 91 F CHD - HT-CVD- 

atherosclerosis- 

arrhythmia- DM 

Fever-dyspnoea-fatigue- 

pleural & pericardial 

effusion 

O2, ATB, 

CTS 

D13 D25 Dyspnoea-fatigue none 9 cured 

8 55 M CLD, cirrhosis Child C Fever-headache-fatigue ATB D21 D27 Dyspnoea-headache- 

diarrhoea 

-fatigue 

ICU-HFNIV-OTI ATB 20 cured 

9 72 M Anti MAG neuropathy 

(rituximab, 

bendamustine) 

Fever- cough- 

dyspnoea-worsening 

neuropathy 

O2, ATB D21 D27 Fever- cough- dyspnoea 

-fatigue – worsening 

neuropathy 

ICU-HFNIV-OTI, 

ATB remdesivir 

29 death 

10 73 M DLBCL (chemotherapy 

d -22) 

Fever-fatigue- 

abdominal cutaneous 

rash 

ATB D13 D24 Fever-dyspnoea-fatigue O2, ATB, CTS ∗ 17 cured 

11 84 F CLD / O2T – mild CRD 

- CHD arrhythmia/ATC 

- valvulopathy - 

atherosclerosis - DM 

Fever-cough-dyspnoea- 

AO-fatigue 

O2, curative 

ATC, 

ATB + CTS 

D23 D49 Fever-cough-dyspnoea- 

fatigue 

O2, HFNIV, 

ATB,tocilizumab, 

CTS curative ATC 

30 death 

Abbreviations : ATB : antibiotics - AO : anosmia – ATC : anticoagulation - CHD : Chronic Heart Disease- CLD : Chronic Lung Disease- CRD : Chronic Renal Disease – CVD : CerebroVascular Disease – CTS : corticosteroids 

DM : Diabetes Mellitus – DG : dysgeusia - DLBCL : Diffuse Large B Cell Lymphoma – ECMO : extra-corporeal membrane oxygenation – FLS : Flu Like Syndrome ( = fever + myalgia + fatigue + /- sore throat, nasal 

congestion) - HT : hypertension – HCW : Health Care Worker - HFNIV: High Flow Non Invasive Ventilation - ICU : Intensive Care Unit -LPV/rtv : lopinavir/ritonavir – NA : Non Available - OTI : Oro-Tracheal Intubation 

– O2 : oxygen therapy. 
∗ No improvement after 7 days of piperacillin-tazobactam ; apyrexia 4 days after pip-taz stop and before linezolid. 
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Table 2 

Laboratory findings of COVID 19 first and 2nd episodes, from onset of first episode (D1) to last follow-up. 

(home-care patients: patients1–4; hospitalized patients: patients 5–11). 

First episode (onset = D1) No symptom 2nd episode 

Case Blood tests SARS CoV2 PCR 

Minimal CRP 

Maximal L PCR if 

available Blood tests SARS CoV2 PCR Serology 

Days from 

onset 

CT if available ∗ Days from 

1st onset 

CT if available ∗ Days from 

1st onset 

Results 

1 NA D2 E 18 - N22 - RdRP 

19 

NA NA D29 E 35 - IP2 37 - IP4 

42 

D58 POSITIVE total Ig 

2 NA D18 E 23,9- N NA - 

RdRP 23,6 

NA NA D36 D55 E 31,5- N NA - 

RdRP 30,3 

NEGATIVE 

NA NA 

3 NA D3 30,5 NA L 1800 D28 32,7 D27 POSITIVE IgG IgM 

4 NA D3 POSITIVE, CT NA NA L 1300 Eo 

90CRP 1 

D38 21.5 D31, 45 slighly POSITIVE 

IgG, NEGATIVE IgM 

5 L 290 Eo 0 CRP 33 D1 E8 - N11- RdRP 12 L 870 CRP 17 PCR 

D36 : + E35 

L700 Eo 30 

CRP 15 

D46 E 33 - N 33 - RdRP 

32 Viral culture 

NEGATIVE 

NA NA 

6 L 690 CRP 365 D16 D 38, 

44 

IP2 29,4 - IP4 29.9 

NEGATIVE 

L 2750 CRP 28 L 690 Eo 50 

CRP 247 

D45 IP2 38.3 - IP4 36.2 D31 POSITIVE IgG IgM 

7 L 720 Eo 10 CRP 

143 

D3 ORF1 18.7 - N 18.1 L 1500 CRP 34 L 10 0 0 Eo 

160 CRP 

188 

D26 ORF1 29,7 D27 POSITIVE IgG IgM 

8 L 629 Eo 0 CRP 74 D6 16 L 1400 CRP 33 L 800 Eo 10 

CRP 73 

D31 POSITIVE, CT NA D27 D47 Ambiguous 

POSITIVE IgG 

9 L 630 Eo 260 CRP 

39 

D7 POSITIVE, CT NA L 750 Eo 90 CRP 8 L 360 Eo 0 

CRP 85 

D 23, 32, 

36 

POSITIVE, CT NA D41 NEGATIVE 

10 L 60 Eo 0 CRP 112.8 D6 17 Cutaneous PCR 

neg 

L 80 CRP 18 L 60 Eo 30 

CRP 160 

D35 18 D25 NEGATIVE 

11 L 770 CRP 88 D11 IP4 31 L 1180 CRP 4.2 L 480 CRP 

346 

D50 IP4 16,7 Viral 

culture POSITIVE 

D53 NEGATIVE 

L : lymphocytes (per mm 

3 )– Eo = Eosinophils polymorphonuclar leukocytes (per mm 

3 ) - CRP : C Reactive Protein (mg/l) NA: Non Available. 
∗ SARS CoV2 Polymerase Chain Reaction: cycle threshold (CT), envelope gene (E), nucleocapsid gene (N), ARN polymerase gene (RdRP, IP2, IP4), specific Open Reading Frame (ORF)1. 
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hamper the immune response, constitutes a substantial point of

vigilance for the management of the pandemic at the individual

and collective levels. Studies including genomic comparisons of vi-

ral strains involved in both episodes, determination of RNA infec-

tivity by viral culture, as well as assessment of innate and adaptive

immunity and monitoring inflammatory targets, would be of great

value for further understanding the underlying pathophysiology of

these COVID-19 recurrences. 
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Table 1 

Clinical and epidemiological features of patients. 

Characteristics Patients (N-%) 

Age (Mean - SD) - yo 39.0 ± 17.1 

Gender (Female/Male) 14/9 

Smoker 5 (21.7) 

Patients with seasonal allergy 3 (13.0) 

Comorbidities 

Hypertension 2 (8.7) 

Depression 2 (8.7) 

Asthma 2 (8.7) 

Hypothyroidism 1 (4.3) 

Diabetes 1 (4.3) 

Heart problems 1 (4.3) 

Neurological diseases 1 (4.3) 

Autoimmun disease 1 (4.3) 

Hypercholesterolemia 1 (4.3) 

General Symptoms (N - %) 

Asthenia 21(91.3) 

Headache 18 (78.3) 

Cough 17 (73.9) 

Fever ( > 38C) 15 (65.2) 

Myalgia 14 (60.9) 

Loss of appetite 12 (52.2) 

Arthralgia 10 (43.5) 

Chest pain 9 (39.1) 

Dyspnea 5 (21.7) 

Diarrhea 5 (21.7) 

Abdominal pain 2 (8.7) 

Conjonctivitis 2 (8.7) 

Ear, nose and throat Sympotms (N - %) 

Postnasal drip 21 (91.3) 

Taste dysfunction 21 (91.3) 

Presumed anosmia 19 (82.6) 

Nasal obstruction 18 (78.3) 

Ear pain 18 (78.3) 

Rhinorrhea 17 (73.9) 

Face pain/heaviness 16 (69.6) 

Throat sputum 12 (52.2) 

Sore throat 6 (26.1) 

Presumed hyposmia 4 (17.4) 

Dysphagia 2 (8.7) 
ear Editor, 

We recently read the paper entitled “Self-reported loss of smell

ithout nasal obstruction to identify COVID-19. The multicenter

ORANOSMIA cohort study. 1 ” Loss of smell without nasal ob-

truction was commonly found in the coronavirus disease 2019

COVID-19), accounting for more than 50% of Western patients. 2 

he main suspected etiological mechanism consists of the virus

pread through the neuroepithelium of the olfactory cleft and a

elated neuronal cell destruction. However, this mechanism has

ot been extensively studied through magnetic resonance imaging

MRI) findings on cohort of anosmic COVID-19 patients. In this pre-

iminary study, we investigated the olfactory bulb of COVID-19 pa-

ients with or without loss of smell through MRI and we develop

 MRI approach to assess the impairment of olfactory bulb. 
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agnetic resonance imaging of COVID-19 anosmic 

atients reveals abnormalities of the olfactory bulb: 

reliminary prospective study 
Adults with laboratory-confirmed COVID-19 diagnosis and self-

eported sudden-onset total loss of smell (SOLS) were recruited

hrough the French public call of the COVID-19 Task Force of YO-

FOS (IRB: IJB-0M011–3137). Electronic informed consent was ob-

ained for each patient. The details about the diagnosis procedure

ere reported in a previous publication. 3 The study was conducted

ccording to the ‘Strengthening the Reporting of Observational

tudies in Epidemiology (STROBE)’ Statement. Clinical and epi-

emiological characteristics were electronically collected through 

n online standardized questionnaire developed with Professional

urvey Monkey R © (San Mateo, California, USA). The olfactory and

ustatory features were investigated through the smell and taste

omponent of the National Health and Nutrition Examination Sur-

ey (NHNES). 4 Patients benefited from objective olfactory testing

Sniffin’Sticks tests; Medisense, Groningen, Netherlands), which is

 validated test allowing categorization of patients into normosmic

16–12), hyposmic (11–9), and anosmic (8–0). 3 

Imaging studies were conducted on a 3-Tesla MR imaging sys-

em (MR750; GE Healthcare, Milwaukee, WI, USA) with a 20-

hannel head and neck coil following a protocol including, in order

o assess the olfactory bulb signal, a 3D-FLAIR sequence and a 3D-

2 sequence centered on the olfactory bulbs (OB). The 3D-FLAIR

equence was acquired in coronal plane with the following param-

ters: TR/TE, 80 0 0/133 ms; TSE factor 80; bandwidth, 120 Hz/pixel;

ection thickness, 2 mm; matrix 240 × 240; FOV, 230 × 230 × 20;

oxel size, 0.95 × 0.95 × 2 mm; ETL = 220 with variable flip angle;

cquisition time = 4min36sec; imaging option: Fat Sat, T2 prep. Sec-
Abbreviations: SD = standard deviation. 
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Fig. 1. MRI findings. 

Comparison of T2/FLAIR coronal views centered on the olfactory bulbs showing normal signal in a normosmic (A) and T2/FLAIR hyperintensity of the olfactory bulbs in a 

patient with anosmia (B). Box plot (C) of signal intensity ratio in loss of smell and in normo-osmic group, revealing a statistically higher T2/FLAIR Signal Intensity Ratio of 

the olfactory bulb in the loss of smell group ( p < 0.001). 
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tions were angled perpendicular to the anterior base of the skull or

cribriform plate. Two experienced neuroradiologists independently

performed image analyses. A third neuroradiologist resolved poten-

tial discordances. Radiologists were blinded regarding the patient

olfactory evaluation (anosmic versus normosmic). Qualitative anal-

ysis reported the visual analysis of presence of T2/FLAIR OB hyper-

intensity compared with the signal intensity of the adjacent frontal

white matter. Quantitative analysis was performed on T2/FLAIR im-

age by adjusting contours of a ROI centered on the OB on a coronal

plane, in order to measure the average OB signal intensity. A sig-

nal intensity ratio (SIR) was then calculated between the average

signal of the OB and the average signal of a ROI placed in ipsilat-

eral frontal white matter. Statistical analyses were performed using

SPSS (version 22.0; IBM Corp, Armonk, NY, USA) according to two

subgroups of patients: COVID-19 patients with SOLS and COVID19

without olfactory dysfunction (controls). An intra-class correla-

tion coefficient was performed to compare the reproducibility of

signal intensity ratio between two readers. The group outcomes

were compared with Mann-Whitney U test. 

At the end of the recruitment process, 23 patients were in-

cluded (14 females). A total of 19 patients composed the SOLS

group, while 4 patients did not have anosmia. The clinical and

epidemiological characteristics are reported in Table 1 . The most

common symptoms developed over the disease were: asthe-

nia, headache and cough. The mean duration of symptoms was

9.6 ± 6.9 days. Patients had normal neurological and general exam-

inations. The fiberoptic was not performed because sanitary rec-

ommendations. Regarding the NHNES questions, the loss of smell

developed after ( N = 12; 63%) the onset of the general symptoms.

Taste disorder, which was defined as abnormal sensations of salty,

sweet, bitter and sour, was present in 91.3% of patients. The mean

sniffin-sticks test was 3.2 ± 4.4. On the 4 patients of the normosmic
roup (sniffin-sticks test > 11), MRI findings reported no abnormal

LAIR hyperintensity of the OB and one patient presented bilateral

bstruction of the olfactory cleft. 

On the 19 patients with SOLS at the time of the MRI, 9 (47%)

resented bilateral obstruction of the olfactory clefts. Statistical

nalysis of Signal Intensity Ratio of the OB showed significant dif-

erences between the SOLS group (mean = 1.73 ±0.23) and the nor-

osmic group (mean = 1.27 ±0.04; p < 0.0 0 01). The intra-class corre-

ation coefficient for Signal Intensity Ratio measurements was very

igh (rho = 0.94, 95%CI [0.90–0.96], p < 0.001). Representative cases

re reported in Fig. 1 . 

The present study is the first case-series that describes MRI ol-

actory abnormalities in COVID-19 patients with SOLS. Three pa-

ient profiles were observed: 1) patients with SOLS, OB signal ab-

ormalities (ratio) and no olfactory cleft edema, 2) patients with

OLS, OB signal abnormalities and olfactory cleft edema; and 3)

atients without SOLS and normal OB signal. In some cases, the oc-

urrence of concomitant edema of the olfactory cleft mucosa was

oted, mainly in the anosmic group but also in one normosmic pa-

ient. This could be due to the initial inflammatory reaction of the

asal mucosa since we observed in previous study that mild-to-

oderate COVID19 patients with anosmia would have an otolaryn-

ological clinical picture of the disease. 2 These findings support

hat SOLS could be due to a virus-related inflammatory reaction

nto the OB, which could impair olfactory neural or sustentacullar

ells. The inflammatory reaction could start in the neuroepithelium

f the olfactory cleft, which appeared obstructed at the MRI over

he first day of SOLS. 

The originality of the present work is the development of a

uantitative approach of the OB of COVID-19 patients. The ratio

nalysis is easy to analyze the OB involvement and provides a

uantitative approach to determine the presence of the neurolog-
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L

cal pathology as a qualitative analysis alone of the signal of the

lfactory bulb can be difficult to appreciate visually, especially on

oubtful cases. Visual appreciation may be influenced by the set-

ing of the window level. To be able to adequately measure sig-

al intensity of such small structures as olfactory bulbs, 3D FLAIR

equences must be optimized in terms of spatial resolution. We

herefore preferred a coronal acquisition of the sequence, in order

o have a submillimetric ‘in plane’ resolution. OB neuropathy re-

ated to chronic rhinosinusitis have already been described as pres-

nce of T2/FLAIR hyperintensity of olfactory bulbs. 5 Presence of

RI OB hyperintensities in acute COVID-19 symptomatic patients

uggests a viral neuropathy of the OBs, leading to local inflamma-

ory reaction. The main limitation of this study is the low number

f patients in both groups but it was not easy to perform MRI in a

ontext of pandemic. 
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Dear Editor, 

We read with interest the article by Pan et al. 1 on the perfor-

mance of a serological immunochromatographic assay for SARS-

CoV-2 diagnosis. As discussed by the authors, there is an urgent

need for rapid tests for SARS-CoV-2 in the supplement to the cur-

rent diagnosis. The gold standard is the molecular testing of upper

or lower respiratory tract samples by reverse transcription poly-

merase chain reaction (RT-PCR), 2 which suffers from several limita-

tions 3 : long turnaround times and up to 30% of false negatives, due

to technical errors and time sampling. 4 , 5 The serologic assays to

detect antibodies against SARS-CoV-2 are of great interest 6 as high

levels of IgM and IgG can be detected from the second week of

symptom’s onset, although IgM can be positive from the fourth day

and IgG after 8 days. 3 , 6 In the French emergency departments (ED)

there was a rising number of suspected cases of COVID-19 from

mid-march and a huge effort was made in order to isolate these

suspected patients to avoid hospital SARS-CoV spread and trans-

mission. Molecular tests and classic serology immunoassays have

a relatively long turnaround times, which are not suitable for EDs

to take fast disposition decisions. The recent development of rapid

antibody detection tests for Sars-CoV2 (lateral flow immunoassay,

LFI) can be very useful in this context. 

The present study collected prospective data of 164 patients ad-

mitted in April 2020 to the ED of two academic hospitals in Paris,

France, if: 1) COVID-19 was suspected on presenting symptoms

and 2) a nasopharyngeal swab was prescribed for SARS-CoV-2 RT-

PCR. Waived inform consent was obtained because of the routine

care design. The LFI used for evaluation was SGTi-flex COVID-19

IgM/IgG (Sugentech, republic of Korea) which is a nanoparticle-

based immunochromatographic test kit for qualitative determina-

tion of COVID-19 ′ s IgM and IgG antibodies in human whole blood
SARS-CoV-2 IGM and IGG rapid serologic test for the 

diagnosis of COVID-19 in the emergency department 
Table 1 

Emergency Department’s patient’s characteristics according 

Characteristics Total ( n = 157) RT

Sex 

Male 83 (52.9%) 74

Female 74 (47.1%) 63

Median 70 71

Age (years) (54–80) (5

Symptoms onset 

0–7 days 115 (73.3%) 10

8–14 days 16 (10.2%) 12

15–21 days 14 (8.9%) 12

> 21 days 12 (7.6%) 12

Symptoms 

Fever 39 (24.8%) 32

Cough 57 (36.3%) 45

Myalgia 17 (10.8%) 12

Dyspnea 68 (43.3%) 57

Chest pain 39 (24.8%) 34

Diarrhea 22(14%) 20

Vomiting 25 (15.9%) 23

Ageusia 6 (3.8%) 5 

Anosmia 5 (3.2%) 3 

Asthenia 40 (25.5%) 36

Falling 11 (7%) 11

Headache 21 (13.4%) 16

Chest CT scan 106 (67,51%) 90

Chest CT scan evocative COVID-19 n = 106 n =
26 (24.5%) 15

Median Leucocytes (Giga/L) 8.33 8.

(6.44–10.85) (6

Lymphocytes (Giga/L) 1,31 1,2

(0.88–1.78) (0

Protein-C-reactive (mg/L) 16 16

(3–54) (3
finger prick or venous), serum or plasma. The results can be ob-

erved within 10 min after applying the sample and 3 drops of

iluent. At the same time of first ED blood collection, a sample was

lso drawn in parallel for SARS-CoV-2 IgG detection with a chemi-

uminescent microparticle immunoassay (CMIA) in serum (Abbott

rchitect). 

Seven patients were excluded because the result of either RT-

CR or LFI missed. The 157 remaining patients were divided in two

roups according to the SARS-CoV-2 RT-PCR test results: positive or

egative. 

Table 1 shows the demographic characteristics, symptoms, lab-

ratory and imaging test results in the ED. There were 20 (13%)

atients tested positive for SARS-CoV-2 RT-PCR, of which 15 (75%)

ere positive for the LFI (2 for IgM, 3 for IgG and 10 for IgM + IgG)

nd 5 (25%) tested negative ( Table 2 ). Among the 13 patients for

hom the LFI showed an IgG band, 12 had IgG detected by CMIA.

hree of the RT-PCR ±/LFI- patients had their first symptoms in

he 7 days and the 2 last before 14 days. These 5 false negative

FI were explained by either too early tests, a low antibody level

elow the detection limit of this LFI, or the immune response vari-

bility in individual antibodies production. 3 

Among the 137 patients who tested negative for RT-PCR, there

ere 27 (20%) with a positive LFI, of whom 16 (59%) exhibited an

gM band, 4 (15%) an IgG band and 7 (26%) both bands. Among the

2 positive LFI, 18 (42.8%) were positive for IgM with symptoms

nset varying from 0 to 21 days; 7 (16.7%) were positive for IgG, all

ith symptom’s onset within the first 7 days; and 17 (40.5%) were

ositive for both, with symptoms onset varying from 0 to 30 days

9 had first symptoms in 7 days and 4 between 7 and 14 days). 

Concordance between LFI and CMIA IgG calculated on 155 sam-

les with conclusive results was 94.8% Globally, in these 157 sus-

ected COVID-19 cases attending the ED, LFI had ( Table 2 ) a sen-

itivity of 75% [95% CI 69.5–80.5], specificity 80.3% [95% CI 75,2–

5,4], positive predictive value 35.7% [95% CI 29.6–41.8] and nega-
to group (RT-PCR positive or negative). 

-PCR negative ( n = 137) RT-PCR positive ( n = 20) 

 (46%) 9 (45%) 

 (54%) 11 (55%) 

 62.00 

4–81) (52.5–75.8) 

1 (73.7%) 14 (70%) 

 (8.8%) 4 (20%) 

 (8.8%) 2 (10%) 

 (8.8%) 0 (0%) 

 (23.4%) 7 (35%) 

 (32.8%) 12 (60%) 

 (8.8%) 5 (25%) 

 (41.6%) 11 (55%) 

 (24.8%) 5 (25%) 

 (14.6%) 2 (10%) 

 (16.8%) 2 (10%) 

(3.6%) 1 (5%) 

(2.2%) 2 (10%) 

 (26.3%) 4 (20%) 

 (8%) 0 (0%) 

 (11.7%) 5 (25%) 

 (65.7%) 16 (80%) 

 90 n = 16 

 (16.7%) 11 (68.8%) 

33 8.46 

.46–11.15) (5.35–9.59) 

7 1,79 

.83–1.59) (1.27–2.21) 

 27.5 

–54) (14–71.1) 

http://crossmark.crossref.org/dialog/?doi=10.1016/j.jinf.2020.07.032&domain=pdf


Letters to the Editor / Journal of Infection 81 (2020) 816–846 829 

Table 2 

Comparison of SARS-CoV-2 RT-PCR and LFI’s results . 

RT-PCR Rapid IgM/IgG 

Positive Negative Sensitivity (95% CI) 75% (69.5–80.5) 

LFI IgM/IgG Positive 15 27 Specificity (95% CI) 80.3% (75.2–85.4) 

Negative 5 110 Positive predictive value (95% CI) 35.7% (29.6–41.8) 

Total 20 137 Negative predictive value (95% CI) 95.7% (93.1–98.3) 
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ive predictive value 95,7% [95% CI 93.1–98.3], compared to RT-PCR

s the gold standard. 

Cassaniti et al. 7 compared a rapid IgM/IgG test with RT-PCR

n the ED and reported that 8.3% exhibited a positive result for

gM/IgG LFI while RT-PCR was negative. Other studies found simi-

ar rates of 11%, 8 which are slightly lower than our results but still

uggesting an added value of LFI to identify some COVID-19 posi-

ive patients with negative RT-PCR. 

There are few peer-reviewed publications that have reported

he accuracy of COVID-19 diagnostic results obtained by LFI with

espect to RT-PCR tests. 3 , 7–10 Sensibility and specificity varied from

 study to another: Li et al. found 88.66% and 90.63%, respectively

hile Shen et al. found 71.1% and 96.2%. 3 , 10 In our study the sen-

itivity and specificity are slightly lower than what was described

y previous studies and that’s the reason why we recommend to

se LFI together with RT-PCR in order to have the lowest false neg-

tive’s number of patients. 

In conclusion, although LFIs cannot confirm the virus presence

nd replace RT-PCR, they may be sensitive and specific enough to

e used as a complementary assay to the existing RT-PCR in the

D. It has the advantage, in comparison with RT-PCR, of saving

ime without necessitating any extensive equipment; it is simple

o use and requiring minimal training. 

From our point of view, LFIs should be used in the ED as a com-

lementary assay to the existing SARS-Cov-2 RT-PCR, to better and

uicker qualify COVID-19 patients. 
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ear Editor, 

We read with great interest the recent article published by

acro Zuin et al. in this journal suggested the prevalence of hyper-

ension and its contribution to increased mortality risk in COVID-

9 patients. 1 RAAS inhibitors is one of the commonly used medi-

ation for hypertension management. However, since the culprits

f COVID-19, SARS-COV-2, takes advantage of membrane-bound

ngiotensin-converting enzyme 2 (ACE2) to infect host cells, 2 and

hich were reported to be upregulated in result of treatment of

AAS inhibitors, 3 , 4 concerns of using RAAS inhibitors in COVID-

9 patients with hypertension were aroused. Nonetheless, in ani-

al models of acute lung injury and other influenza virus infec-

ion, ACEI and ARB are protective by inhibiting the downregulation

f ACE2 and further limit disease progression. 5 , 6 Thus, RAAS in-

ibitors might be theoretically protective in patient with COVID-19.

espite various studies showed that RAAS inhibits were not harm-

ul in COVID-19, 7 , 8 more clinical data and evidence are needed for

larifying this controversial issue and developing better treatment

lans for patients suffering COVID-19. 

Here, we present a retrospective study, analyzing use of differ-

nt antihypertensive drugs and its association with various out-

omes of COVID-19 patients with hypertension. Overall, 971 hy-

ertensive patients among 2044 participants discharged or died
rapid colloidal gold immunochromatography assay for SARS-Cov-2 IgM/IgG. Am

J Transl Res 2020; 12 (4):1348–54 . 
0. Spicuzza L. , Montineri A. , Manuele R. , Crimi C. , Pistorio M.P. , Camp-

isi R. , Vancheri C. , Crimi N . Reliability and usefulness of a rapid Ig-
M-IgG antibody test for the diagnosis of SARS-CoV-2 infection: a

preliminary report. J Infect [Preprint]. 2020 April 23,Available from:
https://doi.org/10.1016/j.jinf.2020.04.022 . 
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n-hospital use of ACEI/ARB is associated with lower risk 

f mortality and critic illness in COVID-19 patients with 

ypertension 
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Table 1 

Odds ratio for variable outcomes of patients who received RAAS inhibitors and those in uncontrol group. 

ACEI/ARB ( N = 196) vs. 

Uncontrol ( N = 233) 

Beta–blocker ( N = 248) vs. 

Uncontrol ( N = 233) 

CCB ( N = 589) vs. Uncontrol 

( N = 233) 

Diuretics ( N = 56) vs. 

Uncontrol ( N = 233) 

OR (95%CI) p OR (95%CI) p OR (95%CI) p OR (95%CI) p 

COVID–19 critic, n (%) 0.43(0.17–1.06) 0.080 0.80(0.40–1.57) 0.509 0.84(0.48–1.47) 0.539 0.75(0.13–4.51) 0.755 

Sepsis, n (%) 1.29(0.72–2.31) 0.387 1.46(0.85–2.51) 0.171 1.23(0.79–1.92) 0.351 1.27()0.37–4.36 0.707 

Septic shock, n (%) 0.34(0.12–0.99) 0.047 0.69(0.34–1.40) 0.300 0.85(0.47–1.54) 0.598 0.81(0.13–4.90) 0.821 

Respiratory failure, n (%) 0.47(0.16–1.04) 0.059 0.75(0.38–1.46) 0.392 0.81(0.47–1.40) 0.4 4 4 0.91(0.18–4.51) 0.906 

ARDS, n (%) 1.07(0.57–2.03) 0.831 1.13(0.63–2.03) 0.670 1.15(0.70–1.87) 0.579 1.57(0.43–5.78) 0.495 

Heart failure, n (%) 0.98(0.36–2.70) 0.974 0.92(0.43–2.00) 0.840 0.69(0.351.37) 0.294 0.66(0.06–7.10) 0.731 

Coagulopathy, n (%) 1.12(0.47–2.67) 0.805 0.95(0.50–1.82) 0.874 0.97(0.54–1.73) 0.909 0.53(0.05–5.23) 0.589 

Cardiac injury, n (%) 1.67(0.84–3.34) 0.146 1.59(0.90–2.85) 0.114 0.96(0.59–1.56) 0.871 2.58(0.68–9.71) 0.162 

Kidney injury, n (%) 0.67(0.31–1.44) 0.307 0.62(0.32–1.21) 0.158 0.73(0.43–1.22) 0.229 0.68(0.015–3.13) 0.623 

Liver injury, n (%) 1.13(0.632.02) 0.680 1.06(0.61–1.83) 0.832 1.15(0.74–1.80) 0.534 0.83(0.23–3.05) 0.779 

Hypoproteinemia, n (%) 0.84(0.44–1.61) 0.599 0.89(0.50–1.60) 0.701 0.88(0.54–1.44) 0.616 0.88(0.21–3.78) 0.864 

Secondary infection, n (%) 3.27(0.23–47.90) 0.384 5.32(0.53–53.42) 0.156 3.99(0.32–49.07) 0.279 ___ ___ 

ICU admission, n (%) 0.21(0.05–0.99) 0.049 0.57(0.25–1.34) 0.198 0.85(0.43–1.65) 0.621 0.49(0.05–4.91) 0.543 

Death, n (%) 0.26(0.08–0.80) 0.019 0.60(0.29–1.24) 0.167 0.68(0.38–1.22) 0.192 0.31(0.03–3.00) 0.310 

Abbreviations: ARDS: adult respiratory distress syndrome; ICU, intensive care unit. 

“___” The number of cases was too small to analysis. 
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in two campuses of Tongji hospitals, Wuhan, the Sino-French New

City Campus, and the Optical Valley Campus, from January 27th to

March 21st were enrolled (Fig. S1). 

In this study, 733 (75.49%) patients with hypertension had at

least one of the five categories of antihypertensive medications

(ACEI, ARB, beta-blocker, CCBs, and diuretic), and 233 (24.51%) pa-

tients with hypertension had none of them (Table S1). Among the

733 patients, 27 (3.68%) and 169 (23.06%) patients used ACEIs and

ARBs, respectively. CCBs were most used since 589 (80.35%) pa-

tients took these agents. 733 patients were classified according to

the antihypertensive medications they received. Considering there

were 27 cases in ACEI group and use of ACEI and ARB had no

substantial difference in all aspects of comparison (Table S2), the
Table 2 

Various outcomes of patients in ACEI/ARB group and uncontrol

Uncontrol ( N = 130

Maximum severity of COVID–19 during hospitalization, n (%) 

General 59(45.38) 

Severe 46(35.38) 

Critic 25(19.23) 

Maximum of SOFA score, n (%) 

0 83(63.85) 

1 22(16.92) 

2 25(19.23) 

Maximum of SOFA score 1(0–3) 

Onset to ICU, day 12(62–24) 

Onset to discharge, day 32(24–39) 

ICU length, day 8(3–13) 

Viral duration, day 23.5(17–30.5) 

Sepsis, n (%) 46(35.38) 

Septic shock, n (%) 20(15.38) 

Respiratory failure, n (%) 26(20.00) 

ARDS, n (%) 33(26.38) 

Heart failure, n (%) 13(10.08) 

Coagulopathy, n (%) 18(13.85) 

Cardiac injury, n (%) 26(22.81) 

Kidney injury, n (%) 25(19.23) 

Liver injury, n (%) 43(33.08) 

Hypoproteinemia, n (%) 35(26.92) 

Second infection, n (%) 0(0.00) 

ICU admission, n (%) 13(10.00) 

Death, n (%) 22(16.92) 

Hospitalization time of survivals † , day 18(11–24) 

Hospitalization time of victim 

§, day 7.5(5–15) 

Disease duration of survivals, day 32(25–40) 

Disease duration of victims, day 21(16–32) 

Abbreviations: SOFA, Sequential Organ Failure Assessment. 
† Hospitalization time of survivals was defined as the time f

survived from COVID-19. 
§ Hospitalization time of victim was defined as the time from

survived from COVID-19. 
wo groups were merged into ACEI/ARB (RAAS inhibitors) group for

ater analysis. 

In logistic regression model adjusted by propensity score, use of

AAS inhibitors, beta-blockers, and CCBs showed no significant dif-

erence (Table S3). And use of diuretics was associated with higher

isk of cardiac injury (OR = 2.65, 1.25–5.62, p = 0.011) vs. use of non-

iuretics. Parameters for adjusting were listed in supplementary

aterials. 

To have a more overall estimation, we further compared the

isk of various outcomes between 233 patients in uncontrol group,

ho did not have antihypertensive drugs during hospitalization,

nd patients in medication group. As shown in Table 1 , patients

ho used beta-blockers, CCBs, and diuretics exhibited no signifi-
 group after matching. 

) ACEI/ARB ( N = 130) Total ( N = 260) p 

58(44.62) 117(45) 0.012 

62(47.69) 108(41.54) 

10(7.69) 35(13.46) 

75(57.69) 158(60.77) 0.045 

38(29.23) 60(23.08) 

17(13.08) 42(16.15) 

1(0–2) 1(0–2) 0.8958 

21(18–27) 18.5(9–25) 02361 

35(29–47) 33.5(26–42) 0.0 0 03 

7(6–8) 7.5(3–9) 0.7283 

26(19–31) 24(18–31) 0.1782 

53(40.77) 99(38.08) 0.371 

7(5.38) 27(10.38) 0.008 

12(9.23) 38(14.62) 0.014 

33(25.38) 66(25.38) 1.0 0 0 

5(3.85) 18(6.95) 0.049 

9(6.92) 27(10.38) 0.067 

35(28.93) 61(25.96) 0.285 

15(11.54) 40(15.38) 0.086 

57(43.85) 100(38.46) 0.074 

37(28.46) 72(27.69) 0.782 

1(0.77) 1(0.38) 1.0 0 0 

5(3.85) 18(6.92) 0.051 

6(4.62) 28(10.77) 0.001 

23(16.5–30.5) 20(14–27.5) < 0.0 0 01 

14(8–19) 8.5(5–17) 0.0764 

36(29–47) 35(28–43) 0.004 

23.5(20–27) 23(16.5–30) 0.8008 

rom admission to hospital to discharge of patients who 

 admission to hospital to death of patients who did not 
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ant difference com pared with uncontrol group. However, patients

sed RAAS inhibitors had lower risk of death (OR = 0.26, 0.08–0.80,

 = 0.019), ICU admission (OR = 0.21, 0.05–0.99, p = 0.049), and sep-

ic shock (OR = 0.34, 0.12–0.99, p = 0.047). 

Then, we took a closer look at ACEI/ARB group and uncontrol

roup. These two groups were imbalanced in some baseline char-

cteristics, as shown in Table S4. To eliminate the distractions of

onfounding factors, we introduced coarsened exact matching to

et a proper cohort for further analysis. The matching parame-

ers included age, sex, history of chronic cardiovascular disease,

nd severity of disease at admission. 130 patients were success-

ully matched in ACEI/ARB group to uncontrol group at a ratio of

:1, and baseline characteristics of matched patients were shown

n Table S4. The treatments patients received in hospital in two

roups were similar in matched groups (Table S5). After match-

ng, results were even more encouraging, use of RAAS inhibitors

as associated with remarkably lower mortality (4.62% vs. 16.92%,

 = 0.001) than uncontrol group ( Table 2 and Fig. S2). And the rate

f septic shock and heart failure were 2.86 times lower (5.38%

s. 15.38%, p = 0.008) and 2.62 times lower (3.85% vs. 10.08%,

 = 0.049) in ACEI/ARB group than uncontrol group, respectively. As

f outcomes of respiratory system, 9.23% of patients in ACEI/ARB

roup progressed into respiratory failure, by contrast with 20.00%

n uncontrol group ( p = 0.014). For ARDS, numbers of case in both

roups were 33. As for the highest level of disease severity dur-

ng patients’ hospitalization, 7.69% of patients in AECI/ARB group

ere classified as critically ill, while 19.23% in uncontrol group

 p = 0.012). And maximum SOFA score of 13.08% of patients were

ated as level 2, while 19.23% in uncontrol group ( p = 0.045). 

Our retrospective analysis implied that in-hospital use of

CEI/ARB was not substantially associated with higher risk of pro-

ressing into unfavorable outcomes. Furthermore, in comparison

etween patients who received a specific kind of antihypertensive

edication and those who did not have any relative drugs admin-

stration, ACEI/ARB demonstrated a protective effect, while other

hree kinds of antihypertensive drugs did not exhibit obvious ad-

antages. Besides, we found that patients in diuretics group had

igher risk of cardiac injury than those had other antihypertensive

gents administration, after ruling out the use of diuretics for pur-

ose of reducing capacity and took history of cardiovascular dis-

ase into propensity score. The mechanism behind this association

emained enigmas and needs further assessments. 

There are several limitations of this study. First, our cases we

ollected were primarily Wuhan locals, so impact of races and geo-

raphical differences could not be reflected. Second, limited by the

ature of retrospective research, medication extracted from elec-

ronic system may not match the actual drug use of some patients.

hird, we did not take cigarette exposure history, psychological sta-

us, education level, and other social factors into analysis, which

ay impose influence on results. 

In summary, despite that confounding factors not taken into

nalysis might contribute to the positive role ACEI/ARB played,

e were confident to reach the conclusion that in-hospital use of

CEI/ARB was protective, instead of harmful, in COVID–19 patients

ith hypertension. 
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Dear Editor, 

We read with interest a recently published article by Zhang

HC et al., where metagenomic next-generation sequencing (mNGS)

showed promising potential in pathogen diagnosis during focal in-

fections. 1 We also applied mNGS to perform the pathogen diag-

nosis with periprosthetic joint infections (PJIs), a very common

but intractable focal infection in musculoskeletal infection that in-

volves with prosthesis, and found it especially valuable in diagno-

sis of fungal PJIs. Reportedly accounting for approximately 1% of

all PJIs cases, fungal PJI is considered atypical and difficult-to-treat,

having a treatment failure rate of over 50%. 2 The delayed or missed

identification of fungal pathogens is regarded as a key factor in the

failure of treatment. In fungal PJIs, culture has been shown to have

a sensitivity as low as 50% and take longer period to get the posi-

tive results than bacterial infections. 2 Meanwhile, the current em-

pirical and broad-spectrum antibiotic approach for culture-negative

PJIs, was usually able to cover most bacterial pathogens, but not to

cover fungal pathogens, which further aggravates the difficulties in

fungal PJI management. 3 Hence, timely and accurate diagnosis of

fungal pathogens is urgently needed for fungal PJIs, which might

enable clinicians to make more timely and targeted therapeutic de-

cisions. 

Untargeted mNGS is an unbiased and rapid molecular diagnos-

tic technique, which can theoretically detect all pathogens in a

clinical sample with no previous diagnosis hypothesis. 4 , 5 Based on

our previous practice, we found that mNGS had no obvious advan-

tage in the diagnosis of common PJI pathogens, such as staphylo-

coccus aureus and coagulase negative staphylococcus. Nevertheless,

it showed great value in the detection of rare pathogens, especially

fungal pathogens. In the presented prospective study, we firstly re-

ported a series of 8 fungal PJI cases with the assistant diagnosis of

mNGS and focused on the application value of mNGS in the man-

agement of fungal PJIs. 

Between October 2017 and October 2019, at our institution, 8

patients were diagnosed as PJIs with the criteria of the Muscu-

loskeletal Infection Society (MSIS) and further identified as fungal

PJIs with the feedback of pathogen detection results. As shown in

Table 1 , 6 males and 2 females with prosthesis failure (7 knees

and 1 hip) were recruited in our study, most of whom had co-

morbidities such as diabetes or rheumatoid disease and suffered

from typical clinical symptoms of infection for weeks or months.

Four of them had initial antibiotic treatments before hospital-

ized. Preoperative and intraoperative pathogen diagnosis revealed

3 of them had mixed infection with fungal and bacterial organ-

isms, while 5 of them had single infection with fungal organ-

ism. After prudent consideration, operative treatments were per-

formed for 7 of them, the first stage of two-stage revision (ce-

ment spacer implanation) for 6, respectively, debridement and im-

plant retention (DAIR) for 1, respectively, while conservative treat-

ments with antifungal drugs only were decided for the other pa-
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Fig. 1. The fungal detection performance of culture and mNGS for 8 patients in preoperative diagnosis and intraoperative diagnosis using four different clinical specimen 

types. Time and results of pathogen detection using mNGS and culture for different specimen types of each individual patient are respectively presented. 

t  

c  

s  

m  

f  

s  

a  

t  

i  

2  

d  

t  

T  

w  

f

 

p  

c  

w  

m  

t  

r  

p  

w  

v  

F  
ient. After nine month’s follow-up, all of the infections have been

ured or controlled with the disappearance of the symptoms and

erological abnormalities. mNGS played a significant role in the

anagement of these fungal PJIs. As shown in Fig. 1 , we per-

ormed mNGS detection in four clinical specimens (preoperative

ynovial fluid, periprosthetic tissue, intraoperative synovial fluid

nd prosthetic sonicated fluid) of these cases, pairing with cul-

ure of corresponding specimen. mNGS detected fungal organisms

n all 8 cases, of which 6 cases were positive preoperatively and

 cases were positive intraoperatively only. However, culture only

etected fungal organisms in 5 cases, of which 2 cases were posi-

ive preoperatively and 3 cases were positive intraoperatively only.

he feedback of mNGS results would be no longer than 48 h
s  
hile it usually be more than 4 days for fungal culture results

eedback. 

For the 6 cases (including the non-operation case 8) undergoing

reoperative articular aspirations for the test of both mNGS and

ulture, 6 cases were positive for mNGS test while only 2 cases

ere positive for culture. Since intraoperative infusion of bone ce-

ent with fungal drugs has been proved effectively in fungal PJI

reatment, the high preoperative pathogen detection rate and the

apid detection cycle of mNGS is of great value for the surgical

reparation and intraoperative medication. 6 In almost all the cases,

e tested multiple samples for each case to verify the scientific

alue of mNGS in the pathogen diagnosis of fungal PJI. Revealed in

ig. 1 , the pathogen type detected by mNGS and culture for each

ample of each case is highly consistent. Therefore, we believe that



834 Letters to the Editor / Journal of Infection 81 (2020) 816–846 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

h

©

L

G

i

D

 

fl  

c  

v  

A  

c  

H  

i  

s  

g  

l  

g  

(  

C

 

3  

(  

f  

(  

p  

e  

c  

C  

t  

g  

w  

h  

t  

t  

a  

s  

w  
mNGS should be reliable and valuable in the pathogen detection of

fungal PJI. 

This is the first time in current literatures to focus on applica-

tion value of mNGS in management of fungal PJIs. We could only

enroll a small series of 8 patients for the present study. But for

fungus PJIs rarely happened, this largest series to date are enable

to figure out mNGS could effectively assist the management of fun-

gal PJIs. Currently, the vast majority of molecular diagnostic tech-

niques focuses on sequencing of the 16S segment, a conserved re-

gion of bacterial genome, which makes them unable to identify

fungal organisms. 7 , 8 Untargeted mNGS shows great advantages and

application value in the detection of fungal pathogens. To date, no

study has indicated the definite value of mNGS in fungal PJI man-

agement. It is now well recognized. 

In summary, mNGS could reliably improve the detection rate

of fungal pathogens in PJIs compared with traditional culture, es-

pecially in the preoperative detection. With the progress made by

mNGS, it is possible to timely select appropriate targeted antimi-

crobial therapy and operative treatment, further to lead to im-

provement of the success rate in fungal PJI treatment. Therefore,

we recommend the use of mNGS as a routine workup when deal-

ing with PJIs caused by suspected fungal pathogens. 
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ear Editor, 

Recently, the emergence of a novel reassortant H7N2 avian in-

uenza virus (AIV) was reported in this journal, and the genetic

haracteristics suggested this novel H7N2 AIV was a reassortant

irus of H7N9 and H9N2 AIVs that are circulating in China. 1 H9N2

IV binds to both human and avian receptors efficiently and has

aused occasionally human infections in Asia 2 . Meanwhile, the

9N2 AIV continued to act as genetic donor to multiple novel AIVs,

ncluding H7N9, H10N8, H6N1, H6N2, and H5N1. 3 The novel H7N2

howed distinct antigenicity to the vaccine seed strain, which sug-

ested the importance of continuing surveillance of the preva-

ence of H7N9 and H9N2 strains. In this study, we report a novel

enotype ressortant H9N2 strain, A/chicken/Baise/0701/2019(H9N2)

BS/2019), isolated from an acutely ill chicken farm in Baise city,

hina during the routine surveillance. 

The virus was grown in embryonated chicken eggs for 48 h at

7 °C, and RNA was extracted using a viral DNA/RNA miniprep Kit

Axygen, China). The reverse transcription was subsequently per-

ormed using the ProtoScript II First Stand cDNA Synthesis Kit

NEB, USA). The full lengths of all eight viral segments were am-

lified using a set of universal primers as described by Hoffmann

t al. 4 with a Q5 high -fidelity master mix (NEB, USA), and sub-

loned into the pMD-18T vector for sequencing(Sangon Biotech,

hina). The 100% of the coding regions of all segments were ob-

ained with the G + C content from 41.18% to 41.87%. The hemag-

lutinin (HA) proteolytic cleavage site of BS/2019 was PSRSSR/GLF,

hich is a characteristic of low pathogenic AIVs 5 . The mammalian

ost-specific residue L226 (H3 numbering) was found at the recep-

or binding site of HA protein, suggesting that the virus preferen-

ially binds human-like receptors 6 . Meanwhile, the residues R207K

nd H436Y in PB1 protein and A515T in PA protein that have been

hown to increase the polymerase activity in mammalian cells

ere found in BS/2019. Mammalian host specific markers, includ-
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ng V15I andN30D, were found in the M1 protein. However, the

B2 protein had E627and D701 residues, and the NP protein had an

IV biomarker E372, suggesting this virus are not yet fully adapted

o mammals. 7 The virulence-related biomarkers M677T in the PB1

rotein and P42S and F103L in the NS1 protein were found in the

B1 protein, which suggested increased virulence of H9N2 AIVs in

he mammalian hosts. 

The nucleotide sequences of all eight gene segments in

S/2019 were aligned by ClustalW and phylogenetically clustered

y MEGA7 as previously described. 8 The maximum likelihood

rees were constructed based on the Tamura-Nei model. and the

volutionary distances were estimated between two sequences.

ur phylogenic analysis revealed the HA genes of BS/2019 be-

onged to the group Y280 of the Eurasian lineage ( Fig. 1 A). How-

ver, the homological analysis results showed the BS/2019 and

/Duck/Hong Kong/Y280/97 only shared 87.5% similarity at the

ucleotide level and 88.7% similarity at the amino acid level.

omology blast showed the HA sequence was most closely re-

ated to the H9N2 virus isolated from south Vietnam and south

hina (A/chicken/Vietnam/HU9–506/2018(H9N2)), with the iden- 

ity of 98.75%. Of note, the HA of BS/10 showed high identity to

wo H9N2 human isolates in recent years ( Fig. 1 A). Neuraminidase

NA) nucleotide sequences belonged to the group Y280 and had a

igh identity (98.43%) to H9N2 virus isolated from eastern China

ince 2015 ( Fig. 1 B). 

The internal genes, PB1, PA, NP, and NS were in close proximity

o the F98 lineage viruses. In contrast, the PB2 and M belonged

o the G1 lineage and had the highest identity to the chicken

9N2 virus isolated from Vietnam. Based on these findings, we
ig. 1. Phylogenetic and glycosylation analyses of the HA and NA gene sequences from 

nd GISAID. Phylogenetic trees were constructed by MEGA7. Sequences with orange back

he oval in Light Blue highlights the H9N2 AIV close to the human isolates. (B) Phyloge

9N2 IAV. (D) Glycosylation analyses of the NA gene for H9N2 IAV. Glycosylation sites w

lycosylation sites was calculated by the NetNGlyc 1.0 Server( http://www.cbs.dtu.dk/servi
uggested that the new genotype BS/2019 was a reassortant be-

ween G1, Y280, and F98 lineage viruses. N-linked glycosylation

abbreviates G) of HA and NA, which add oligosaccharides to Asn-

esidue by N-glycosidic linkages, plays an important role in mul-

iple biological activities of AIVs. BS/19 had 8 (29G 

+ , 82 G 

+ , 141

 

+ , 298 G 

+ , 305 G 

+ , 313 G 

+ , 492 G 

+ , and 551 G 

+ ) and 6 (66

 

+ , 83 G 

+ ,143 G 

+ ,197 G 

+ , 231G 

+ , and 365 G 

+ ) N-linked glycosyla-

ion sites on HA ( Fig. 1 C) and NA ( Fig. 1 D), respectively, according

o the consensus N-X-S/T (X can be any amino acid except pro-

ine) glycosylation motif. In contrast, the phenotype of Y280 was

18G 

+ /313G 

−/551G 

−. 

Our results suggested there are variations in the glycosylation

ites at the residues 218, 313, and 551 during the evolution of

9N2 IAVs. The BS/19 lost a glycosylation site at residue 44 of NA.

emarkably, glycosylation at the residue 44 of NA was absent in

he 1918 and 2009 pandemic virus and was suggested as a pan-

emic associated signature 9 . The 44 G shift in the glycosylation site

f NA could serve as a potential characteristic of the pandemic. 

We further propagated the BS/19 in SPF chicken embryo eggs

or 48 h, and the HA titers reached 128HAU/50 μl by the HA assay

ith 0.5% chicken red blood cells. We further determined the anti-

enicity of BS/19 by the hemagglutination inhibition (HI) test using

 panel of 5 reference sera from vaccinated chicken farms as previ-

usly described. 10 The HI titer of BS/19 had a 2.8 ± 1.09-fold change

ompared to that of the standard H9 antigen. Our results suggested

 poor antigenic match between the vaccine strain and the circu-

ating strains. Robust genotype monitor and laboratory surveillance

re required for H9N2 IAV. 
recent H9N2 isolates. The reference sequences were extracted from the GenBank 

ground represents human isolates. (A) Phylogenetic tree of HA gene for H9N2 AIV. 

netic tree of NA gene for H9N2 IAV. (C) Glycosylation analyses of the HA gene for 

ere predicted by the consensus N-X-S/T glycosylation motif. The potential of the 

ces/NetNGlyc/ ). 

http://www.cbs.dtu.dk/services/NetNGlyc/
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ear Editor, 

Carbapenems represent the most potent treatment option for

evere infections caused by gram-negative bacteria. Recently, a

apid increase in carbapenem-resistant Enterobacteriaceae (CRE)

as led to therapeutic challenges and has become an ongoing se-

ious public health concern. 1 Carbapenemases can hydrolyze the

arbapenems and most of the beta-lactam antibiotics; 2 they are

ainly located on a variety of plasmids, which can be transferred

o other bacteria. 3 There are a few known plasmids capable of

orizontally transmitting of carbapenemase genes to other Enter-

bacteriaceae , including incompatibility groups of IncX3 responsi-

le for the dissemination of a carbapenemase gene bla NDM 

. 4 Sev-

ral studies have reported interspecies and intraspecies transfer

f carbapenemase genes in a single patient. 3 , 5 , 6 However, obtain-

ng direct evidence for in vivo transfer can be challenging because

t is difficult to designate the original recipient strain that later

ained a new resistant gene from a donor strain. Here, based on

omparative genomic analysis, we describe the horizontal transfer

f bla NDM-1 -carrying IncX3 plasmid by identifying both potential

onor and recipient strains isolated from a patient. 

In February 2018, a 73-year-old female patient with a his-

ory of cerebrovascular accident was transferred from a general

ospital to a nursing hospital for the elderly. During the hos-

ital stay, stool samples were taken and screened for CRE as a

art of infection control. Bacterial identification was performed

sing VITEK 2 (bioMérieux, Marcy l’Etoile, France). Antimicrobial

usceptibility testing was performed using a broth microdilution

ethod (TREK Diagnostic Systems, Cleveland, USA), and the min-

mum inhibitory concentrations (MICs) were interpreted in accor-

ance with Clinical & Laboratory Standards Institute (CLSI) guide-

ines. PCR and sequencing were used to identify the carbapen-

mase genes. 7 Pulsed-field gel electrophoresis (PFGE) was car-

ied out according to standardized PulseNet protocols ( http://www.

ulsenetinternational.org ). Conjugation was performed with broth

ating using azide-resistant Escherichia coli J53 as a recipient

train. Plasmid incompatibility groups were assigned with PCR-

ased replicon typing, 8 and plasmid contents and sizes were es-

imated using S1 nuclease-treated PFGE. No ethical approval was

eeded for this study; the isolates used were collected as a part

f routine diagnosis in a clinical setting, and the data were anony-

ously analyzed. 

In September, a bla KPC-2 -harboring Klebsiella aerogenes strain

ECR18-1644 was isolated from the patient, and then, an ad-

itional carbapenemase gene bla NDM-1 was detected in the K.

erogenes strain (SECR18-2341) isolated in November. Both iso-

ates were resistant against penicillins, cephems and carbapen-

ms, but strain SECR18-2341 was highly resistant to third-

eneration cephalosporins, as usually observed for NDM producers

 Table 1 ). By multi-locus sequence typing analysis ( https://pubmlst.

rg/kaerogenes/ ), it was confirmed that they belonged to the se-

uence type 202 (ST202), and exhibited nearly identical Xba I-PFGE

atterns (96.8% similarity; Supplementary Figure S1), suggesting
ttps://doi.org/10.1016/j.jinf.2020.09.011 

2020 The British Infection Association. Published by Elsevier 

td. All rights reserved. 

orizontal transfer of bla NDM-1 -carrying IncX3 plasmid 

etween carbapenem-resistant Enterobacteriaceae in a 

ingle patient 
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Table 1 

Characteristics of carbapenem-resistant isolates and their transconjugants. 

MIC (mg/L) ∗

Isolates Isolation date Species Carbapenemases Inc types AMP CTX TET GEN SXT CIP CHL IMI MER ERT 

SECR18-1551 2018.09. Citrobacter freundii bla NDM-1 X3 > 64 > 64 ≤2 ≤1 ≤1 2 4 4 8 8 

SECR18-1644 2018.09. Klebsiella aerogenes bla KPC-2 FII K > 64 16 4 ≤1 ≤1 ≤0.03 8 4 2 4 

SECR18-2341 2018.11. Klebsiella aerogenes bla KPC-2 , bla NDM-1 FII K , X3 > 64 > 64 4 ≤1 ≤1 ≤0.03 8 8 4 8 

Transconjugants 

18-1551-TC-N Escherichia coli, J53 bla NDM-1 X3 > 64 64 ≤2 ≤1 ≤1 ≤0.03 8 4 ≤0.5 4 

18-1644-TC-K Escherichia coli, J53 bla KPC-2 FII K > 64 8 ≤2 ≤1 ≤1 ≤0.03 8 1 ≤0.5 1 

18-2341-TC-N Escherichia coli, J53 bla NDM-1 X3 > 64 > 64 ≤2 ≤1 ≤1 ≤0.03 8 4 ≤0.5 2 

18-2341-TC-K Escherichia coli, J53 bla KPC-2 FII K > 64 16 ≤2 ≤1 ≤1 ≤0.03 8 2 1 1 

J53 (recipient) Escherichia coli, J53 4 ≤1 ≤2 ≤1 ≤1 ≤0.03 4 ≤0.5 ≤0.5 ≤0.25 

∗AMP, ampicillin; CTX cefotaxime; TET, tetracycline; GEN, gentamicin; SXT, trimethoprim-sulfamethoxazole; CIP, ciprofloxacin; CHL, chloramphenicol; IMI, imipenem; MER, 

meropenem; ERT, ertapenem. 
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hat the bla KPC-2 -positive K. aerogenes may have acquired the sec-

nd carbapenemase gene bla NDM-1 . 

Given that Citrobacter freundii strain carrying bla NDM-1 (SECR18-

551) was also isolated in September from the same patient, we

ypothesized that bla NDM-1 in SECR18-2341 may have been origi-

ated from SECR18-1551. The bla NDM-1 genes in two isolates were

uccessfully transferred to E. coli J53 by conjugation. S1-PFGE and

eplicon typing showed that both strains and their transconjugants

arbored an ∼45 kb IncX3 plasmid, which was not detected in

ECR18-1644 that did not carry the bla NDM-1 (Supplementary Fig-
igure 1. Alignment of bla NDM -carrying IncX3 plasmids. The nucleotide sequences pSE

lasmids, pCRENT-193_2 in Enterobacter spp. (GenBank accession no. CP024814 ), pNDM-H

n Raoultella planticola (GenBank accession no. KF877335 ), pM213_X3 in Escherichia coli (G

o. MK372392 ) were compared using BLAST Ring Image Generator. 
re S2). These results demonstrated that bla NDM-1 in C. freundii

SECR18-1551) and K. aerogenes (SECR18-2341) was likely located

n the same IncX3 plasmid. 

Whole genome sequencing of SECR18-2341 was performed us-

ng PacBio RSII (Pacific Biosciences, Menlo Park, USA) combined

ith Illumina HiSeq (San Diego, CA, USA). Sequence reads were

e novo assembled using the hierarchical genome-assembly pro-

ess and polished with Pilon v1.21. Plasmids of SECR18-1551

nd SECR18-1644 were sequenced using HiSeq and assembled

ith SPAdes v3.11.1. The genome was annotated using the NCBI
CR18-2341_NDM in Klebsiella aerogenes strain SECR18-2341 and five closely related 

N380 in K. pneumoniae (GenBank accession no. JX104760 ), RJA274 plasmid NDM-1 

enBank accession no. AP018142 ) and pABC280-NDM-5 in E. coli (GenBank accession 
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Prokaryotic Genomes Annotation Pipeline and analyzed using Res-

Finder ( https://cge.cbs.dtu.dk/services/ResFinder/ ). Nucleotide se-

quences were deposited at GenBank under the accession numbers

CP049600 - CP049602 and MT129534 - MT129535 . 

The strain SECR18-2341 has a single circular chromosome

of 5,241,093 bp containing 4,960 predicted protein-coding se-

quences and two distinct plasmids, named pSECR18-2341_NDM

and pSECR18-2341_KPC. No antimicrobial resistance determinants

were found except for two carbapenemase genes, consistent with

the phenotypic resistance profile. The bla NDM-1 -containing plasmid

pSECR18-2341_NDM was 44,962 bp and carried 57 proteins with a

conserved plasmid backbone responsible for conjugal transfer and

replication. This plasmid, including the genetic content (IS Aba125 -

bla NDM-1 - ble MBL - trpF - dsbC -IS 26 - umuD ), showed a perfect match

with a previously described bla NDM-1 -carrying IncX3 plasmid in

Enterobacter (pCRENT-193_2; GenBank accession no. CP024814 )

isolated in Korea in 2013 ( Figure 1 ). Based on sequence data,

the bla NDM-1 -carrying IncX3 plasmids in SECR18-2341 (pSECR18-

2341_NDM) and SECR18-1551 (pSECR18-1551_NDM) were iden-

tical, strongly supporting the hypothesis of lateral transfer of

plasmid-borne bla NDM-1 between the different species—C. freundii

(SECR18-1551; the potential donor) and K. aerogenes (SECR18-1644;

the potential recipient)—resulting in the emergence of K. aerogenes

SECR18-2341 carrying both bla NDM-1 and bla KPC-2 genes. 

The plasmid carrying bla KPC-2 (pSECR18-2341_KPC) was an

IncFII K plasmid of 119,990 bp, which was closely related

to the bla KPC-2 -encoding plasmid pJYC01A in K. pneumoniae

(GenBank accession no. CP022926 ), the Klebsiella pneumoniae car-

bapenemase (KPC) outbreak strain in Korea, 2014. The bla KPC-2 

was flanked by the insertion sequences IS Kpn7 and IS Kpn6 em-

bedded within a Tn 3 -based Tn 4401 transposon. Two bla KPC-2 -

carrying plasmids in both K. aerogenes SECR18-1644 and SECR18-

2341 were highly similar, with the exception of an 8.1-kb duplica-

tion of IS Kpn25 in pSECR18-2341_KPC (Supplementary Figures S2

and S3). 

Long-term hospitalization of patients is a risk factor for the

acquisition and subsequent transmission of new antimicrobial re-

sistance traits. Patients can be more vulnerable to infection with

resistant bacteria, because of their susceptible medical conditions

and relatively high levels of contamination in residential environ-

ments. Moreover, persistent gastrointestinal carriage of resistant

bacteria in such patients can contribute to the resistant gene dis-

persion between co-colonizing strains. 9 , 10 Recent studies have re-

ported that IncX3 plasmids showed efficient horizontal mobility for

various recipient sources and over ambient temperatures, 11 serv-

ing as important vehicles for the global spread of carbapenemase

genes. 4 In conclusion, we found evidence of in vivo horizontal

transfer of IncX3 plasmid carrying bla NDM-1 between Enterobacteri-

aceae occupying the same ecological niche in a single patient. Mul-

tiple acquisitions and dissemination of various resistance genes via

self-transferrable plasmids may contribute to the development of

multidrug resistance, thus posing complications in treating infec-

tions caused by these strains. 
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ear Editor, 

Zimmermann and colleagues, in this Journal, drew attention to

otential changes in healthy microbiota caused by ingested antibi-

tics. 1 We conducted a clinical trial to evaluate the efficacy and

afety of rectal metronidazole in the treatment of Giardia duode-

alis ( G.duodenalis ) infection in children. 

A protozoan G.duodenalis infects small intestine of humans with

he incubation period of 7–28 days. Infection can remain asymp-

omatic or present as diarrhea, abdominal pain or failure to thrive.

n Nordic countries, including Finland, prevalence of giardiasis is

.8% in symptomatic population. 2 A single positive stool enzyme

mmunoassay for G.duodenalis antigen provides a diagnostic sen-

itivity close to 100% and specificity of > 90%. 3 Nitroimidazoles

epresent the drugs of choice for giardiasis, particularly single-

ose oral tinidazole. 4 Side effects of nitroimidazoles are usually

ild and self-limited, including abdominal pain, nausea, diarrhea,

etallic/bitter taste, headache and dizziness. 4 However, oral ad-

inistration of nitroimidazoles in children often proves difficult in

he absence of palatable pediatric formulations. Rectal tinidazole

ad been historically used for giardiasis treatment in Finland un-

il the drug became unavailable. Rectal metronidazole has demon-

trated efficacy in the treatment of vaginal trichomoniasis 5 and in

he prophylaxis of postoperative wound infections. 6 , 7 Rectal ad-

inistration of metronidazole results in lower serum concentra-

ions, necessitating higher dosage. 8 , 9 

This open-label trial (ClinicalTrials.gov Identifier: NCT02942485,

egistered on 24th of October 2016) was conducted at the Chil-

ren’s Hospital, Helsinki University Hospital from 1.1.2017 to

.11.2019. The study protocol was approved by the Institutional

thic’s Board (HUS/1065/2016) and by the Finnish Medicines

gency (FIMEA, KLnro 145/2016, EudraCT 2016-001938-96). The

tudy was conducted in accordance with the Declaration of

elsinki and national and institutional standards. Informed con-

ent was obtained from the caregivers and from patients aged ≥ 7

ears. 
reatment of giardiasis in children: Randomized trial of 

ectal metronidazole versus oral tinidazole 
Fig. 1. Flow diagram of the
The Epidemiologic Operations Unit of the City of Helsinki

60 0,0 0 0 inhabitants) yearly advertised the possibility to refer a

hild with giardiasis to the Children’s Hospital for treatment. The

uthors then recruited the referred children whose clinical symp-

oms were compatible with giardiasis and whose stool samples

ested positive for G.duodenalis in HUSLAB laboratory. Exclusion

riteria were: 1) age < 6 months or > 10 years, 2) weight < 9.5 kg,

) the absence of symptoms, and 4) co-infection with another in-

estinal pathogen. We assessed clinical response to treatment, side

ffects and parental acceptance of the formulation during inter-

iews with patients/caregivers at primary visits and by phone at

he follow-up. 

We randomized patients at primary visits alternately into two

roups by random allocation. Group 1 was treated with oral tinida-

ole (Fasigyn 

R ©) at a single dose of 50 mg/kg, maximum 2 g/dose.

roup 2 was given rectal metronidazole (Flagyl R ©) for three con-

ecutive days at 50 0/10 0 0/150 0 mg/dose/day for children weigh-

ng 10–14.9/15–29.9/30–44.9 kg, respectively. The doses of rectal

etronidazole were arbitrary derived from the maximum oral dose

two grams) in adults. The first dose of metronidazole was admin-

stered by research nurse and two subsequent doses by caregivers

t home. Clinical cure was defined as the resolution of symptoms

y day 10 post-treatment. Stool samples for enzyme immunoas-

ay were collected on day 7–10 post-treatment. If patients did not

lear the infection, Group 1 was re-treated by rectal metronidazole

nd Group 2 by oral tinidazole (cross-over). We did not measure

etronidazole serum concentrations. 

The study was terminated due to the extremely slow pa-

ient enrollment: eight patients only have been referred and re-

ruited during the two-year period ( Fig. 1 ). This may reflect the

ow prevalence of giardiasis in the City of Helsinki, the ineffi-

ient advertising, or the unwillingness of primary care practition-

rs to refer children with an easily treatable condition. At the fi-

al stage of data analysis we discovered that 6/8 patients ful-

lled one or more of the exclusion criteria. Four children were

symptomatic, and G.duodenalis was detected during their rou-

ine immigrant evaluation. Five patients were co-infected with

ther pathogens ( Shigella spp and Campylobacter jejuni ( n = 1), Hy-
 patient enrollment. 

http://crossmark.crossref.org/dialog/?doi=10.1016/j.jinf.2020.08.050&domain=pdf
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Table 1 

Summary of the clinical trial of rectal metronidazole compared with oral tinidazole in children with Giardia duodenalis infection. 

Patient 

Age group at 

recruitment, years 

Symptoms compatible with 

giardiasis Treatment group Clinical cure 

Microbiological 

eradication Side effects 

1 1–3 abdominal pain, flatulence rectal 

metronidazole 

yes yes no 

2 1–3 abdominal pain, flatulence, 

intermittent diarrhea 

rectal 

metronidazole 

yes yes loose stool once after 

the third dose 

3 1–3 abdominal pain, diarrhea, 

flatulence, weight loss 

rectal 

metronidazole 

yes n/a no 

4 1–3 none rectal 

metronidazole 

n/a yes no 

5 5–8 none rectal 

metronidazole 

n/a yes no 

6 1–3 intermittent diarrhea rectal 

metronidazole 

yes yes no 

7 5–8 none oral tinidazole n/a yes no 

n/a not applicable. 
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menolepis nana ( n = 1), Dientamoeba fragilis ( n = 1) and Blastocys-

tis hominis ( n = 4)). One asymptomatic patient was excluded from

further analysis due to incomplete follow-up (language barrier).

Thus, we next describe outcomes for six patients treated with

rectal metronidazole and one patient treated with oral tinidazole

( Table 1 ). 

Median age of the patients at recruitment was 2.6 years (range

1.8–6.7 years). None had chronic illnesses or regular medications.

All participants completed treatment without interruptions. Mi-

crobiological eradication was successful after the first treatment

course in 6/6 tested patients (five treated with rectal metron-

idazole and one with oral tinidazole). All four symptomatic pa-

tients were clinically cured with rectal metronidazole. For one

of them (Patient 3), the follow-up stool sample was unavailable.

This patient’s diarrhea recurred seven weeks post-treatment, and

G.duodenalis was again detected in stool sample, indicating ei-

ther treatment failure or re-infection. The patient received oral

tinidazole with no response. After treatment with mepacrine hy-

drochloride according to the institutional guidelines, G.duodenalis

was eradicated and the child was clinically cured. 

Side effects were reported in one patient as a single episode

of loose stool after the third dose of rectal metronidazole. The

caregivers were asked to rate the ease of administration of rec-

tal metronidazole at home, according to the suggested scale (very

difficult/difficult ( n = 1) / relatively easy ( n = 4) / easy / very easy

( n = 1)). All caregivers in the rectal metronidazole group, but not

the caregiver of a child who had received oral tinidazole, would

opt for the same treatment modality in future. These results

demonstrate the high rate of acceptability of rectal metronidazole

by caregivers. 

In conclusion, this is the first study evaluating the efficacy

and safety of rectal metronidazole in children with giardiasis. We

carefully planned the open-labeled randomized comparison study,

which was, however, unsuccessful due to the insufficient recruit-

ment rate. Therefore, our results are observational and call for fur-

ther larger trials. Despite the small sample size, and thus the de-

scriptive nature of the trial, this study provides encouraging pre-

liminary data. We demonstrated clinical cure and microbiological

eradication in 4/4 and 5/5 patients with giardiasis, respectively, af-

ter a three-day course of rectally administered metronidazole. Our

study provides proof-of-concept for rectal use of metronidazole in

pediatric giardiasis. 
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ear Editor, 

While the world is in lockdown for months since December of

019 due to novel coronavirus disease (COVID-19) pandemic, a lot

f research is in progress to find out various risk factors associated

ith COVID-19 progression and related mortalities. 1 

We read with great interest, the recent and very informative

rticle by Zheng et al., 2 who performed a meta-analysis to iden-

ify various risk factors such as; demographical (male, age, current

moking), comorbidities (diabetes, hypertension, malignancy, res-

iratory disease and cardiovascular disease), and other laboratory

ariables for the progression of COVID-19. 

Firstly, we have a concern related to the result on the pres-

nce of cardiovascular disease (CVD) in association with COVID-

9. The reported result for this pooled-outcome based on ten in-

luded studies has been shown to be statistically significant with
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ardiovascular disease as a risk factor of disease 

rogression in COVID-19: The corrected effect size and 

orest plot 
Fig. 1. Forest plot for cardiovascular disease comorbidity betw
 higher proportion of CVD in critical/mortal group compared to

he non-critical group of COVID-19 patients. The pooled effect size

or this association has been reported as odds ratio (OR) with its

5% confidence interval (CI) levels (OR = 5.19, 95% CI = 3.25–8.29,

 < 0.0 0 0 01). However, upon proper examination of the reported

orest plot and the included studies, we observed that the input

ata for one included study by Shi Y et al., 3 was wrong and there-

ore the outcome ‘effect size’ for this study has been shown to be

Not Estimable’ (Fig. 3. of Zheng et al.). 2 

It is very much important for proper data inputs and thorough

hecks for its correctness by multiple authors while performing a

eta-analysis. In the reported meta-analysis, the CVD events and

otal number under critical/mortal group from a study by Shi Y et

l., 3 have been recorded for meta-analysis as 49 and 4, respectively.

t is for this reason, the effect-size has been found to be ‘Not Es-

imable’ in the respective forest plot (Fig. 3. of Zheng et al.). 2 We,

pon a thorough review of the study by Shi Y et al., noticed that

he actual values are 4 and 49 for CVD events and total number,

espectively. 3 

Secondly, by further inspecting the forest plot, in addition to

nappropriate data inputs, the study weights have been noticed to

e very disproportionate to each other (minimum 1.7 & maximum

8.7). 2 It is a known myth to choose either fixed or random ef-

ects model for a meta-analysis based on the heterogeneity statis-

ics, particularly fixed effects model is not a viable method when

bjective is to measure the effect size of group level variables. 4 

Therefore, in this letter we updated the forest plot and the

ffect-size characteristics for the relationship between CVD and

OVID-19 progression (including the missing data for a study &

andom effects model which considers both within and between

tudy variability). According to the random effects model used

 Fig. 1 ), the study weights were found to better distributed than

n the fixed effects model (minimum 3.1 & maximum 18.0), and

he results showed a significantly higher proportion of CVD in crit-

cal/mortal group compared to the non-critical group of COVID-19

atients (OR = 4.78, 95% CI = 2.71–8.42, P < 0.0 0 0 01). Considering the

imitation that the COVID-19 patients with underlying CVD may

lso have other comorbidities, the use of random effects model

ould provide a better statistic and the obtained result should be

nterpreted with a caution to the limitation of other overlapping

omorbidities. 
een critical/mortal and non-critical COVID-19 patients. 
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Dear Editor, 

Inter-subtype recombinants play an increasingly central role in

the complex and dynamic HIV/AIDS epidemic. At present, 106 Cir-

culate recombinant forms (CRFs) have been identified worldwide.

In 20 0 0, CRF07_BC and CRF08_BC were first reported in China,

and novel CRFs identified in China has soared since 2013. Inter-

subtype recombinant viruses, especially CRF01_AE and CRF07_BC,

have become the predominant strains of the HIV-1 epidemic in

China. 1 The double infection between CRFs established more op-

timal conditions for the second-generation recombination, 2 and

many second-generation recombinants were represented by the

recombination of CRF01_AE and CRF07_BC fragments, such as

CRF79_0107, 3 CRF80_0107, 4 and CRF102_0107 5 . In the present

study, we identified a newly emerging second-generation HIV-1

CRF called CRF109_0107, consisting of CRF01_AE and CRF07_BC

fragments. Through the evolution analysis of all CRF01_AE and

CRF07_BC recombinant fragments, we uncovered the evolutionary

history of CRF109_0107 finally. 

Plasma samples were collected from two HIV-positive patients

(LS11584 and LS14250) who were infected through sexual trans-

mission in Shenzhen, China. The sequence BJSJS2016S195 is ob-

tained from the Los Alamos HIV Sequence Database with the full-

length gag (HXB2:790–2292 nt) and pol (HXB2:2085–5096 nt) gene

sequences in the Shijingshan district of Beijing, China. There was
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Identification of a novel HIV-1 second-generation 

Circulating Recombinant Form CRF109_0107 in China 
o epidemiologic link among these three individuals. All partic-

pants gave a written, signed informed consent prior to plasma

pecimen collection and subsequent analyses. Basic epidemiolog-

cal data are presented in Table 1 . 

Viral RNAs were extracted from plasma samples using the High

ure Viral RNA Kit (Roche, Germany). Then, the near full-length

enome (NFLG) was amplified through reverse transcription (RT)-

ested polymerase chain reaction utilizing Superscript TM IV First-

trand Synthesis System (Invitrogen) and Platinum 

TM Taq DNA

olymerase High Fidelity (Invitrogen). After PCR positive prod-

cts were purified and sequenced, all sequence fragments were

dited and assembled into contiguous sequences using the Contig-

xpress project. Finally, the near full-length genome (NFLG) of the

S11584 (HXB2:786–9604 nt) and the LS14250 (HXB2:771–9613 nt)

ere obtained. These two NFLG sequences were submitted to the

asic Local Alignment Search Tool (BLAST) analysis, and the most

losely related and highest similarity ( > 95%) partial sequence of

JSJS2016S195 gag - pol region (HXB2:790–5096 nt) was obtained.

o demonstrate possible inter-subtype mosaicism, the jumping

rofile hidden Markov model (jpHMM) ( http://jphmm.gobics.de/

ubmission _ hiv ) was used to perform recombination breakpoint

nalysis with the default option on these three sequences. The

hree sequences were aligned with HIV reference sequences ( https:

/www.hiv.lanl.gov ) covering the major HIV-1 pure subtypes and

RFs using MAFFT v7.0. Neighbor-joining (NJ) method and the

imura two-parameter model were used to build a phylogenetic

ree by the MEGA 6.0 software. The time of the most recent com-

on ancestor (tMRCA) of CRF109_0107 through the evolution anal-

sis was uncovered by using BEAST v1.7.5. 

Phylogenetic analysis revealed that these three sequences

ormed a distinct monophyletic branch with a high bootstrap

alue of 100%, distantly related to all known HIV-1 subtypes/CRFs

 Fig. 1 A). The recombination analysis showed that the two NFLG

equences were composed of CRF01_AE and subtypes B and C

 Fig. 1 B). And the gag - pol region sequence of BJSJS2016S195 has

he same breakpoints as the corresponding regions of LS11584 and

S14250. Subtype B and Subtype C fragments of CRF109_0107 were

urther phylogenetic analysis and submitted to BLAST, the results

howed the highest similarity to ( > 95%) CRF07_BC ( Fig. 1 C). 

A total of 13 recombinant breakpoints were found at HXB2

ositions according to the recombination analysis as follows:

 (790–1169 nt) CRF01_AE, Ⅱ (1170–1840 nt) Subtype B, Ⅲ (1841–

166 nt) CRF01_AE, Ⅳ (2167–2466 nt) Subtype B, Ⅴ (2467–

038 nt) CRF01_AE, Ⅵ (3039–3295 nt) Subtype B, Ⅶ (3296–

238 nt) CRF01_AE, Ⅷ (4239–4613 nt) Subtype C, Ⅸ (4614–

157 nt) CRF01_AE, Ⅹ (5158–5886 nt) Subtype C, Ⅺ (5887–6383 nt)

RF01_AE, Ⅻ (6384–8442 nt) Subtype C, XIII(8443–9411 nt)

RF01_AE, using HXB2 as a reference ( Fig. 1 C). Subregion phylo-

enetic analyses of 13 genomic segments were further conducted

o explore their likely parental lineages. The high bootstrap val-

es in the phylogenetic tree supported a close relationship with

RF01_AE or CRF07_BC subtype references respectively. Subregion

hylogenetic analyses indicated that the segment Ⅰ , Ⅲ , Ⅴ , Ⅶ , Ⅸ ,

 , and XIII of CRF109_0107 belonged to the CRF01_AE cluster 5, 6 

hich is mainly circulating among high-risk sexual behaviors in

SM and Heterosexual population in China ( Fig. 2 A). The segment

 , Ⅳ , Ⅵ , Ⅷ , Ⅹ , and Ⅻ of CRF109_0107 were clustered with the

RF07_BC cluster, which is also identified among high-risk sexual

ehaviors in the MSM population 

7 , 8 ( Fig. 2 B). The segments of

RF109_0107 are closely related to the clusters associated with

he sexually transmitted population according to the sub-regional

nalysis, suggesting that CRF109_0107 may be predominantly

revalent in the MSM and Heterosexual population. 

The Bayesian analysis shows that the (tMRCA) of the CRF01_AE

egions(segments Ⅰ + Ⅲ + Ⅴ + Ⅶ + Ⅸ and segments Ⅺ + XIII) from

https://doi.org/10.1016/s0140-6736(20)30154-9
https://doi.org/10.1016/j.jinf.2020.04.021
https://doi.org/10.1186/s13054-020-2833-7
https://doi.org/10.1371/journal.pone.0110257
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http://crossmark.crossref.org/dialog/?doi=10.1016/j.jinf.2020.09.007&domain=pdf
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Fig. 1. Phylogenetic and recombinant analyses based on near full-length HIV-1 genome sequences in CRF109_0107. (A) Two NFLG sequences (LS11584 and LS14250) together 

with the gag-pol region sequences (HXB2:790-5096nt) of BJSJS2016S195 in this study were further aligned with HIV reference sequences ( https://www.hiv.lanl.gov ) covering 

the major HIV-1 pure subtypes and CRFs using Clustal W in the BioEdit 7.2.5 program. Neighbor-joining (NJ) method and the Kimura two-parameter model were used to 

build a phylogenetic tree by using the MEGA 6.0 software. The sequences of CRF109_0107 were marked with ‘‘ ●’’. (B) Posterior probabilities of the subtypes. (C) Comparison 

of genomic maps between CRF07_BC and CRF109_0107. All these maps were generated using jumping profile hidden Markov model (jpHMM). CRF109_0107 strains are 

highlighted in yellow (CRF01_AE region) and blue (CRF07_BC region). 

C  

d  

d  

o  

Ⅹ  

p  

p  

T  

o  

f  

p

 

w  

b  

w  

o  

q  

a  

c  

c  

s  

u  

t  

a  

b  

s

 

C  
RF109_0107 were predicted in 2012.4, [95% highest probability

ensity (HPD): 2010.3, 2018.3] and 2013.8, [95% highest probability

ensity (HPD): 2013.8, 2014.4], respectively ( Fig. 2 C). The (tMRCA)

f the CRF07_BC regions (segments Ⅱ + Ⅳ + Ⅵ + Ⅷ and segments

 + Ⅻ ) from CRF109_0107 were predicted in 2012.4, [95% highest

robability density (HPD): 2010.4, 2018.4] and 2013.8, [95% highest

robability density (HPD): 2013.8, 2014.5], respectively ( Fig. 2 D).

he recombinant fragments (segments Ⅰ - Ⅸ and segments Ⅹ -XIII)

riginated around 2012.4 and 2013.8, respectively. Hence, it is in-

erred that the CRF109_0107 formed a recombination in two time

eriods, respectively. 

HIV-1 novel CRFs have been increased rapidly in individuals

ith high-risk sexual behaviors. CRF55_01B has been confirmed to

e an epidemic in the MSM population in Shenzhen. 9 CRF65_cpx,
Table 1 

Demographic characteristics of study subjects infected with CRF109_0107. 

Strain name Sampling year Sampling region Gender Age 

LS11584 2014 Shenzhen, Guangdong Male 45 

LS14250 2014 Shenzhen, Guangdong Male 40 

BJSJS2016S195 2016 Beijing Male 33 

∗MH921062: BJSJS2016S195 Gag Region; MH921177: BJSJS2016S195 Pol Region. 
hich originated in Yunnan, 10 was also found to have spread to

ther parts of China after entering the MSM population. 11 Fre-

uent high-risk sexual behavior led to the rapidly spread and to

 higher genetic diversity of HIV, which may have caused the in-

idence of a high level of recombination. 12 Second-generation re-

ombinant virus, CRF79_0107, caused by double infection has also

pread rapidly to 5 provinces in individuals with high-risk sex-

al behaviors in China. It is especially worth noting that, with

he rapid spread of CRF01_AE and CRF07_BC among MSM, more

nd more new second-generation CRFs represented by the recom-

ination of CRF01_AE and CRF07_BC will be identified and found

preading in high-risk populations in the future. 

In summary, a novel HIV-1 circulating recombinant form

RF109_0107 whose genome consists of CRF01_AE and CRF07_BC
Ethnic group Marriage Risk factor Accession no. 

Han unmarried MSM MT919517 

Han married HETE MT919518 

unknown unknown unknown MH921062.MH921177 

https://www.hiv.lanl.gov
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Fig. 2. Subregion tree analyses and maximum clade credibility (MCC) trees of CRF109_0107. (A) Segments Ⅰ , Ⅲ , Ⅴ , Ⅶ , Ⅸ , Ⅺ and XIII (HXB2: 790-1169nt, 1841-2166nt, 

2467-3038nt, 3296-4238nt, 4614-5157nt, 5887-6383nt and 8443-9411nt) from CRF109_0107 genome map is the representative of all CRF01_AE segments inserted into the 

mosaic structure. (B) Segments Ⅱ , Ⅳ , Ⅵ , Ⅷ , Ⅹ and Ⅻ (1170-1840nt, 2167-2466nt, 3039-3295nt, 4239-4613nt, 5158-5886nt and 6384-8442nt) from CRF109_0107 genome 

map is the representative of all CRF07_BC segments inserted into the mosaic structure. The subregion neighbor-joining tree was constructed based on Kimura 2-parameter 

model of nucleotide substitution with 10 0 0 bootstrap replicates, and gamma distributed rates among sites were applied in MEGA6 software. The sequences of CRF109_0107 

were marked with ‘‘ ●’’. Only bootstrap values > 90% are presented at the corresponding nodes of the tree. (C) MCC trees display recombinant fragments CRF01_AE regions 

(segments Ⅰ + Ⅲ + Ⅴ + Ⅶ + Ⅸ and segments Ⅺ + XIII). (D) MCC trees display recombinant fragments CRF07_BC regions (segments Ⅱ + Ⅳ + Ⅵ + Ⅷ and segments Ⅹ + Ⅻ ). Timescale 

is shown at the bottom of the tree. The mean tMRCA and 95% highest probability density (HPD) for the key nodes are displayed. CRF109_0107 strains are highlighted in 

yellow (CRF01_AE region) and blue (CRF07_BC region). (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this 

article.) 
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Fig. 2. Continued 

w  

m  

C  

s  

M  

d  

c  

T  

u

D

F

 

3  

(  

f

0

S

 

i  

M  
ith 12 breakpoints and 13 segments was defined, which has a

ore complex recombinant form than others. The emergence of

RF109_0107 indicates that CRF01_AE and CRF07_BC have been

preading in the same population. The complex social behaviors of

SM and Heterosexual population will further complicate the epi-

emic of HIV-1 in China. More and more second-generation CRFs

omprised of CRF01_AE and CRF07_BC in the future will emerge.

herefore, surveillance will be necessary in specific high-risk pop-

lations in China. 
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The gene sequences of LS11584 and LS14250 were deposited

n the GenBank with the accession number: MT919517 and

T919518, respectively. The gene sequences of BJSJS2016S95

https://doi.org/10.13039/501100001809
https://doi.org/10.13039/501100011345


846 Letters to the Editor / Journal of Infection 81 (2020) 816–846 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

h

C

o

a

(

were deposited in the GenBank with the accession number:

MH921062 gag region (HXB2:790–2,292 nt), MH921177 pol region

(HXB2:2,085–5,096 nt), respectively. 
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