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Low-dose corticosteroid therapy does not delay viral R
clearance in patients with COVID-19 =

Dear Editor,

Since December 2019, Corona Virus Disease 2019 (COVID-19)
cases have occurred in Wuhan, Hubei.! The epidemic spread
rapidly to other regions outside of China and had a great im-
pact on public health and the economy. To the best of our knowl-
edge, no specific antiviral treatment for COVID-19 has been con-
firmed so far. A recent study demonstrated that cytokine storm
syndrome is associated with the severity of COVID-19.2 Due to
their anti-inflammatory and immunoregulatory properties, corti-
costeroids have been widely used in China for the treatment of
patients with COVID-19, especially in cases with secondary acute
respiratory distress syndrome (ARDS). Furthermore, China’s Na-
tional Health Commission has released a Diagnosis and Treatment
Scheme for Pneumonitis with COVID-19 Infection.? According to
this, systemic corticosteroid therapy (methylprednisolone, <1-2 mg
per kg of body weight, 3-5 days) is recommended as adjuvant ther-
apy.? The release of this guideline immediately caused controversy
regarding whether patients with COVID-19 could benefit from cor-
ticosteroid therapy, since this has been associated with a delay in
viral clearance. The present study investigated the effect of low-
dose corticosteroid therapy on SARS-CoV-2 clearance time.

The present study collected clinical data of 78 patients with
confirmed COVID-19 who were admitted to the Infectious Dis-
eases Branch of Anhui Provincial Hospital between January 22,
2020 and March 1, 2020. A total of 55 and 23 cases were diag-
nosed with general and severe COVID-19, respectively. All patients
received standard treatment, including antiviral therapy, oxygen
therapy, antibacterial drugs and symptomatic therapies. Further-
more, patients in the severe group received the necessary sup-
portive treatment. Corticosteroids were administrated to a sub-
set of patients according to severity and the individual opinion of
clinicians. More severe patients were treated with corticosteroids,
leading to inconsistent baseline data (i.e., age, comorbidities and
laboratory findings) between patients receiving corticosteroids and
those who did not. Therefore, the 78 patients were divided into a
general and a severe group, and separate data analysis was con-
ducted for each group. Table 1 shows the demographic charac-
teristics, comorbidities, laboratory test results and antiviral treat-
ment of patients with or without corticosteroid treatment in the
general and severe groups. In total, there were 25 patients who
received corticosteroids, while the remaining patients did not re-
ceive corticosteroids (Table 1). Oral methylprednisolone [median
hydrocortisone-equivalent dose, 237.5 mg/day (IQR, 206.3-300.0
mg/day)] was administered to 9 patients in the general group for
a median duration of 7 days (IQR, 5.5-8.0 days), while intravenous
methylprednisolone [median hydrocortisone-equivalent dose, 250.0
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mg/day (IQR, 250.0-250.0 mg/day)] was administered to 16 pa-
tients in the severe group for a median duration of 4.5 days (IQR,
3.5-5.8 days). The 9 patients in the general group received a higher
total dose of corticosteroids and had a longer duration of corti-
costeroids treatment, since all of them were hospitalized at the
early stage of the epidemic and treated by the same medical team.
Starting at 3 days after admission, ~2-3 throat swabs or sputum
samples were routinely collected once per week from all patients
for reverse transcription-polymerase chain reaction (RT-PCR) test-
ing to assess viral clearance. If the RT-PCR test result was nega-
tive, the test was repeated the next day to avoid false-negative re-
sults. Briefly, an independent sample t-test was conducted to com-
pare virus clearance time between the corticosteroid group and
the non-corticosteroid group, and there was no significant differ-
ence identified in both patients in the general group (17.6 + 4.9
vs. 18.7 + 7.7 days; P = 0.667) and patients in the severe group
(18.8 & 5.3 vs. 18.3 & 4.2 days; P = 0.84).

There has been controversy regarding whether corticosteroid
use may delay viral clearance in patients with viral pneumonia for
a long time. Initially, this phenomenon was observed in studies
investigating severe acute respiratory syndrome and Middle East
respiratory syndrome coronavirus (MERS).*> However, the dose of
corticosteroids may have a significant impact on the results. An ob-
servational study by Cao on influenza A (H7N9) viral pneumonia
has demonstrated that high doses of corticosteroids (>150 mg/d
methylprednisolone) are associated with increased risks of mortal-
ity and delayed viral clearance, while there was no difference be-
tween patients in the low-dose group (25-150 mg/d methylpred-
nisolone) and controls.® In the present study, all 25 patients were
treated with low-dose corticosteroids, and the conclusions were
similar to those of Cao.

In another retrospective observational study reporting on pa-
tients with MERS who were critically-ill, nearly half of the enrolled
patients received low-dose corticosteroids [median hydrocortisone-
equivalent dose, 300.0 mg/day (IQR, 200.0-400.0 mg/day)].> When
compared with the cases who were not treated with corticos-
teroids, the authors concluded that the administration of corti-
costeroids was associated with delayed viral clearance. Unlike in
the study reporting on MERS, the patients enrolled in the present
study exhibited an improved health status. Even in patients in
the severe group, the SOFA score on the first day of admission
was much lower than that of patients with MERS [2.0 (IQR, 0-2.8)
vs. 9.0 (IQR, 6.0-12.0)].°> Therefore, these two studies involved pa-
tients with different severities of illness; however, whether corti-
costeroids exerted greater effects in critically-ill patients requires
further investigation. Furthermore, the study reporting on pa-
tients with MERS included RT-PCR data from 14 intensive care
units, and the nucleic acid test results were not protocolized and
varied among centers.” In the present study, all patients were from
a single center, and all swab samples were tested using a unified

0163-4453/© 2020 The British Infection Association. Published by Elsevier Ltd. All rights reserved.
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Demographics and baseline characteristics of patients infected with COVID-19 according to illness severity and corticosteroid use.

General group (n=>55)

Severe group (n=23)

Variable Corticosteroids No Corticosteroids Corticosteroids No Corticosteroids
(n=9) (n=46) P-value (n=16) (n=7) P-value
Age (years), mean + SD 40.2 £ 12.6 39.94+15.5 0.959 60.6+13.6 5434154 0.33
Male sex, n (%) 5 (55.6) 22 (47.8) 0.952 12 (75) 5(71.4) >0.99
Days from onset of symptoms to 7 (4,75) 5(3,7) 0.305 6.39+3.9 8.3+3.6 0.429
hospitalization, median (Q1, Q3)
SOFA score, median (Q1, Q3) / / / 2.0 (0, 2.8) 2.0 (1.0, 3.0) 0.702
ARDS, n (%) 0 0 / 8 (50) 1(14.3) 0.176
Comorbidities
Hypertension, n (%) 1(11.1) 4 (8.7) >0.99 8 (50) 2 (28.6) 0.405
Diabetes, n (%) 1(11.1) 3(6.5) 0.522 4 (25) 0 0.273
Coronary heart disease, n (%) 0 1(2.2) >0.99 2 (12.5) 0 >0.99
Cerebrovascular disease, n (%) 0 0 / 2 (12.5) 1(14.3) >0.99
Chronic kidney disease, n (%) 0 2 (4.3) >0.99 1(6.3) 0 >0.99
Chronic liver disease, n (%) 2 (22.2) 1(22) 0.066 0 0 /
Malignant tumor, n (%) 0 1(2.2) >0.99 0 0 /
Immunosuppressive, n (%) 0 1(2.2) >0.99 0 0 /
WBC count (x10°/L), median (Q1, Q3) 4.6 (4.0, 5.5) 49 (3.9, 6.0) 6.5 (5.5, 10.6) 54 (4.8, 11.9) 0.789
Lymphocyte count (x10°/L), median (Q1, Q3) 0.89 (0.84, 1.38) 1.33 (116, 1.79) 0.062 0.62 (0.37, 0.98) 1.14 (0.73, 1.36) 0.082
CRP (mg+/L), median (Q1, Q3) 22.1 (8.9, 36.4) 4.2 (0.7, 16.6) 0.091 47.8 (30.0, 102.3) 23.5 (8.5, 72.0) 0.124
PCT <0.5 ng/mL, n (%) 9 (100) 46 (100) / 15 (93.8) 7 (100) >0.99
PT (s), median (Q1, Q3) 14 (13.6, 15.3) 144 (134, 16.2) 0.793 14.3 (13.0, 15.0) 141 (13.7, 14.6) 0.894
APTT (s), median (Q1, Q3) 38.7 (35.3, 42.0) 371 (34.6, 42.9) 0.649 35 (30.2, 39.5) 36.7 (274, 38.8) 0.462
D-Dimer (pg/ml), median (Q1, Q3) 0.25 (0.2, 0.29) 0.18 (0.08, 0.25) 0.09 0.45 (0.25, 0.62) 0.22 (0.19, 0.63) 0.452
Troponin I (ug/L), median (Q1, Q3) 0.08 (0.07, 0.11) 0.08 (0.06, 0.19) 0.90 0.31 (0.09, 0.56) 0.12 (0.1, 0.44) 0.72
Total bilirubin (pmol/L), median (Q1, Q3) 14.5 (12.6, 23.3) 14.9 (113, 19.3) 0.838 171 (15.3, 214) 171 (111, 19.4) 0.452
Albumin (g/L), median (Q1, Q3) 44.2 (41.0, 45.0) 449 (413, 47.7) 0.847 35.2 (32.9, 374) 39.3 (36.8, 42.2) 0.022
Creatinine (umol/L), median (Q1, Q3) 66 (58, 71) 71 (60, 81) 0.052 74.0 (54.0, 82.0) 68 (59, 76) 0.82
Antiviral therapy
Lopinavir/Ritonavir only, n (%) 7 (77.8) 37 (80.4) 0.785 4 (25.0) 3 (42.9) 0.626
Lopinavir/Ritonavir+IFN-« inhalation, n (%) 2 (22.2) 9 (19.6) 12 (75.0) 4 (57.1)
TCM, n (%) 3(33.3) 19 (41.3) 0.941 16 (100) 6 (85.7) 0.304
Methylprednisolone
Oral, n (%) 9 (100) / / 0 / /
Intravenous, n (%) 0 / / 16 (100) / /
Duration of corticosteroid treatment (days), 7 (5.5, 8.0) / / 4.5 (3.0, 5.8) / /
median (Q1, Q3)
Total dose of methylprednisolone (mg), median 280 (220, 360) / / 160 (120, 240) / /
(Q1, Q3)
Dose of methylprednisolone per day (mg), 38 (33, 48) / / 40 (40, 40) / /
median (Q1, Q3)
Time to SARS-CoV-2 RNA clearance (days), 17.6+4.9 18.74+7.7 0.667 18.8+5.3 18.3+4.2 0.84

mean + SD

WBC white blood cell, CRP C-reaction protein, PCT Procalcitonin, TCM Traditional Chinese Medicine, PT prothrombin time, APTT Activated partial thromboplastin time

approach at the Chinese Center for Disease Control to avoid mea-

surement bias.

Consent for publication

In fact, a similar study analyzing data from 72 patients with
COVID-19 was conducted at the First Affiliated Hospital of Zhe-
jiang University, and the conclusions were consistent with the re-
sults of the present study.” However, these two retrospective stud-
ies have unavoidable limitations, such as small sample size, poor
controllability of the data and bias in the process of data collection.
In conclusion, low-dose corticosteroid therapy may not delay viral
clearance in patients with COVID-19; however, this still needs to
be confirmed by well-designed and large-scale RCTs with a longer
follow-up duration.
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Clinical and laboratory-derived parameters of 119 N

hospitalized patients with coronavirus disease 2019 in =y
Xiangyang, Hubei Province, China

Dear Editor,
The newly emergent Coronavirus disease 2019 (COVID-19)

causes severe viral pneumonia in humans and poses a serious
threat to public health worldwide, with cases reported from all 6

permanently inhabited continents. Effective clinical management,
based on comprehensive laboratory findings, is critical for im-
proving the survival rates of COVID-19 patients. By now, clinical
and epidemiological characteristics of COVID-19 in cities outside of
Wuhan, such as Beijing! and Wenzhou? are described. However, it
is currently unknown whether there are any markers that can be
informative of mild vs. severe disease. The objective of this study is
to describe the comprehensive clinical characteristics of confirmed
patients with COVID-19 and explore the potential markers corre-
lating with prognosis.

We collected data from 119 hospitalized, symptomatic patients
confirmed by quantitative reverse transcription-polymerase chain
reaction (qRT-PCR) with throat swab specimens in Xiangyang,
Hubei Province, between January and February 2020. The severe
cases in this study refer to the patients who had enrolled to the
intensive care unit (ICU) and received a treatment for more than
3 days, whereas the other confirmed cases were distributed to the
mild group. As a control, we collected the laboratory results of 20
healthy subjects (normal cases) examined by the same laboratory
department during early December 2019, when COVID-19 was not
yet prevalent in Xiangyang. The epidemiological, clinical, labora-
tory and disease outcome data were obtained from data collection
forms and electronic medical records. Information was collected on
the date of illness onset, visits to clinical facilities, and hospital ad-
missions. The date of disease onset was defined as the day when
the symptom was first noticed. Laboratory tests were conducted at
admission, including a complete blood count and serum biochem-
istry.

As shown in Table 1, we found that 85% (101 cases) of the pa-
tients were infected by another COVID-19 patient, 46% (55 cases)
of the patients were categorized as collective cases, and 30% (36
cases) of patients were also diagnosed with a pre-existing medical
condition. After hospital admission, 16.8 % (20 cases) of these pa-
tients progressed to severe disease, 4.2% (5 cases) of the patients
had complications such as respiratory failure and distress, and 2.5%
(3) patients succumbed to COVID-19. Fever was the most common
symptom (86%, 102 cases), followed by fatigue (75%, 89 cases) and
dry cough (63%, 75 cases). Headache and diarrhea were also re-
ported among 14% (17 cases) and 12% (14 cases) cases, respectively.

Laboratory findings showed that decreased lymphocyte counts
(Fig. 1A), as well as elevated levels D-dimer (Fig. 1B), may be early
markers contributing to disease severity. Decreased albumin (Fig.
1C) and elevated CK (Fig. 1D) levels among severe patients indi-
cate liver damage and shown as indicators of prognosis. Increased
lactate dehydrogenase (LDH, Fig. 1E) and «-hydroxybutyrate dehy-
drogenase (HBDH, Fig. 1F) levels, indicative of heart damage, were
detected in COVID-19 patients. Kidney damage in the COVID-19 pa-
tients was evidenced by urinary occult blood, increased Clq (Fig.
1G) and B2-MG (Fig. 1H) in COVID-19 patients.

In the study, we analyzed 119 cases of COVID-19 patients from
a local hospital, in which 101 people had no residence or travel
history to Wuhan, meaning most of the subjects in this study are
non-first-generation cases. While some studies for clinical exami-
nations have been published, many were not comprehensive and
the studies took place in Wuhan.>-® Especially in the early stages
of the outbreak, due to the overwhelmed medical system and lack
of adequate medical resources and staff in Wuhan, clinical stud-
ies and laboratory examination results may not be reflective of
the true nature of COVID-19 in patients. Indeed, this is reflected
in the case fatality rates inside (4%) and outside of Wuhan (2.5%,
according to our study). While other studies suggest that men are
more susceptible to SARS-CoV-2 infection, there were no signifi-
cant differences in susceptibility to the virus between men and
women in our study, even though women had more mild dis-
ease cases. The results in this study support the suggestion that
there are no significant differences in the levels of ACE2 (the re-
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Table 1
Personal and clinical characteristics of patients with COVID-19 (n=119).
No. (%)
Characteristics All patients (n = 119) Mild disease (n = 99) Severe disease (n = 20)
Median (IQR) age (Y) 49 (38-61) 45 (34-57) 67.5 (60-77)
Age groups (Y):

<18 7 (6) 7(7) 0 (0)

19-40 35 (30) 35 (35) 0 (0)

41-65 55 (46) 46 (46) 9 (45)

>66 22 (18) 11 (11) 11 (55)
Gender

Female 63 (53) 55 (56) 8 (40)

Male 56 (47) 44 (44) 12 (60)
Co-morbidities 36 (30) 18 (18) 17 (85)

Hypertension 23 (19) 10 (10) 13 (65)

Diabetes 12 (10) 7(7) 5 (25)

Cardiovascular disease 7 (6) 3(3) 4 (20)

Renal diseases 2 (2) 1(1) 1(5)

Liver disease 2 (2) 2(2) 0 (0)
Travel history to Wuhan

Yes 18 (15) 15 (15) 3 (15)

No 101 (85) 84 (85) 17 (85)
Cluster cases 55 (46) 47 (47) 8 (40)
Signs and symptoms

Fever 102 (86) 86 (86) 16 (80)

Fatigue 89 (75) 75 (75) 14 (70)

Dry cough 75 (63) 63 (53) 13 (65)

Expectoration 22 (18) 16 (16) 6 (30)

Headache 17 (14) 15 (15) 2 (10)

Diarrhea 14 (12) 11 (11) 3 (15)

Pharyngalgia 11 (9) 10 (10) 1(5)

Palpitation 6 (5) 4 (4) 2 (10)

Nausea and vomiting 4 (3) 3(3) 1(5)

Rhinobyon 3(3) 2(2) 1(5)
Routine urinalysis

Urine protein 21 (18) 21 (18) 0 (0)

Urinary occult blood 14 (12) 14 (12) 0 (0)
Symptom onset to hospital admission, median (IQR), days 5(3-7) 5(3-7) 5 (4-9)
Symptom onset to laboratory confirmation via qRT-PCR, median (IQR), days 6 (4-9) 6 (4-8) 7 (5-11)
Symptom onset to negative detection via qRT-PCR, median (IQR), days 21 (18-24) 19 (15-21) 25 (23-27)

Abbreviations: IQR, interquartile range; Y, year.
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Fig. 1. Routine blood examination of severe, mild COVID-19 patients, and healthy people upon admission. (A) Lymphocyte counts and (B) D-dimer concentrations are
shown as indicators of coagulation function, (C) Albumin and (D) Creatinine kinase (CK) levels/activities are shown as indicators of liver function, (E) Lactate dehydroge-
nase (LDH) and (F) -hydroxybutyrate dehydrogenase (HBDH) as indicators of myocardial damage, (G) Complement component 1q (C1q) and (H) 2-microglobulin (2-MG) as

indicators for kidney damage. *P<0.05, **P<0.01 and ***P<0.001.

ceptor for SARS-CoV-2) expression between genders. As ACE2 is
more highly expressed in elderly people, they theoretically would
account for a higher percentage of the COVID-19 patients in this
study.

Biomarkers that serve as reliable prognostic indicators predict-
ing progression to mild vs. severe disease are urgently needed to
enhance the quality of clinical care. In this study, we explored the
possibility of identifying markers from a routine comprehensive

laboratory examination. Consistent with other studies, we found
that decreased lymphocyte counts and increased D-dimer concen-
trations might be an indication of a negative prognosis and en-
hanced disease severity. In addition, we provide several newly dis-
covered bio-markers: decreased albumin as well as elevated CK,
LDH and HBDH levels serve as indicators of a negative progno-
sis for COVID-19; urinary occult blood, increased Cl1q and B2-MG
were observed in COVID-19 patients, indicated kidney damage.
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The damage of SARS-CoV-2 to various major tissues and organs
of the body during COVID-19 is an important area of investigation.
In this study, we found that this virus can cause damage to the
liver, heart and kidney, in which abnormal renal indicators may be
caused by immunopathological damage. These findings are consis-
tent with recent studies that the virus can damage multiple major
organs including liver’-® kidney and heart®. The exact mechanism
of this viral or immune-induced damage should be investigated in
future studies.
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A cluster of pneumonia associated with the SARS-Cov-2 n

outside of Wuhan related to a house-warming banquet =y
Dear Editor,

We read the recent published review by Han and colleagues
in this journal with great interest, which described the epidemi-
ology, clinical features and treatment of Corona Virus Disease 2019
(COVID-19) and mentioned that people who were asymptomatic or
in incubation period can be the sources of infection.!

An ongoing epidemic caused by a new coronavirus, which
was formally named as SARS-Cov-2 by Coronavirus research group
(CSG) of the International Committee, started in late 2019 in
Wuhan, Hubei province, China and had become a worldwide public
health concern.? A total of 81300 cases were confirmed in China so
far (March 20, 2020) and increasingly more cases were confirmed
abroad, especially in Europe. On Jan 30, 2020, the WHO Emergency
Committee declared the outbreak as a global health emergency.
Furthermore, it still remains unclear about the origin, transmission
mode and incubation period of the SARS-Cov-2. Previous research
has demonstrated the person-to-person transmission of the novel
Coronavirus.?

Here, we report the clinical features of a cluster of seven pa-
tients suffered from pneumonia associated with the SARS-Cov-2
in Lishui City of Zhejiang Province, China. Epidemiological, demo-
graphic, clinical, laboratory, radiological and treatment data were
collected through detailed interviews with each patient and elec-
tronic medical records. Laboratory confirmation of the virus was
performed using RT-PCR by Lishui Center for Disease Control and
Prevention (CDC). Case definitions of confirmed COVID-19 are in
accordance with the interim guidance from a rapid advice guide-
line.*

The first enrolled patient (Patient A) returned to Lishui from
Wenzhou on Jan 18, 2020 and participated a house-warming ban-
quet. Two days later, he suffered with fever, chill, cough and gen-
eralized weakness, and was hospitalized on Jan 23, later diagnosed
as COVID-19 on Jan 25. Patient B, father of patient A, presented
with cough and fever on Jan 21 and was diagnosed on Jan 27. On
the same day, patient C was diagnosed as COVID-19 with primary
symptoms of cough and sputum. Tracking the medical history of
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Fig. 1. Timeline of symptom onset of the cluster patients related to a house-
warming banquet.

patient C, he began to cough on Jan 16 (two days before the ban-
quet) when he was still in Yongkang, a city adjacent to Lishui.
Patient D developed a bad cough on Jan 22 and patient E pre-
sented with similar symptom on Jan 26. They were diagnosed on
Feb 1 and Feb 2, respectively. Patient F was hospitalized on Jan 30
with fever, chill, cough and generalized weakness and diagnosed as
COVID-19 on Feb 1. All the above six patients attended the same
house-warming banquet. Oddly enough, patient G, who did not at-

tend the same party, had fever on Feb 1 and was soon diagnosed
on Feb 2. Tracing the history of epidemiology, she had dinner with
patient C on Jan 24. It is worth noting that the cluster of seven pa-
tients did not go to Wuhan or Hubei province in the preceding 14
days, and they denied any exposure with wild animals, confirmed
COVID-19 patients or febrile patients (Fig. 1).

Two possible scenarios of transmission exist. The first and most
likely scenario is that patient A acquired the infection from an
asymptomatic patient in Wenzhou (a city with most cases in Zhe-
jiang province) before Jan 18, 2020. This period overlapped with
the time period during the announcement of the first case of
COVID-19 in Wenzhou (symptom onset on Jan 4, diagnosed on Jan
21) according to the Zhejiang Provincial Health Committee (http:
[[www.zjwjw.gov.cn/col/col1659205/index.html). The other five pa-
tients (B~F) attended the same house-warming banquet and had
lunch together in a crowded, noisy hotel restaurant with patient A.
Even more, patient B and C had taken the same car with patient A
from Lishui back to Qingyuan. As a result, all the five patients were
in close contact with patient A, who most likely had been infected
before. Then patient G was infected because she was exposed to
patient C. The second scenario is that patient C acquired the in-
fection in Yongkang, because he had begun coughing two days be-
fore the banquet. As described in the first scenario, other patients
were all in close contact with him and got infected. Though the
median incubation varies from 3~6.4 days according to the pre-
vious studies,”® it is sometimes difficult to calculate the incuba-
tion period accurately such as patient A and patient C. Regardless
of how the virus transmitted among the seven patients, it further
indicated that the SARS-Cov-2 infection could cause clustering on-
set.” Quarantine and keeping social distance paly pivotal roles in
the prevention of local outbreak of COVID-19.% The exact transmis-
sion mode still needs to be further studied.

The seven patients were aged 23-72 years old. Except patient
G, the remaining 6 patients were all males. All patients had no
chronic disease except patient C, who had mania years ago. On ad-
mission, cough (7/7), generalised weakness (7/7), sore throat (7/7),
fever (4/7) and insomnia (4/7) were the main symptoms. The range
of incubation period from exposure to symptoms was 3~11 days
(Table 1).

Regarding the inflammatory indicators, leucocytes, neutrophils,
lymphocytes and procalcitonin (PCT) of all the patients were
normal and C-reactive protein (CRP) were slightly increased in
three patients on admission. Liver function was mildly abnormal
in one patient and no patient developed renal dysfunction. Ab-
normalities in chest CT images were detected among all patients,
among which 5 patients showed bilateral pneumonia while only
2 patients showed unilateral pneumonia. All patients showed
multiple mottling and ground-glass opacities. Compared with
COVID-19 patients initially found in Wuhan, all patients in this
study had mild to moderate symptoms. No complications such as
acute respiratory distress syndrome, renal dysfunction, myocardial
injury and secondary bacterial infection occurred. Symptoms and
abnormalities in chest CT scan of all the 7 patients disappeared or
significantly improved after antiviral and supportive treatments.

In conclusion, this study further indicates that the SARS-Cov-2
infection can cause clustering onset, person-to-person transmission
and intercity spread, and it is more likely to happen in crowded
places. We urgently need to pay attention to the scale of transmis-
sion from asymptomatic or mildly symptomatic patients during the
early phase of infection.

Ethics approval

The study has been approved by the research ethics committee
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sent has been waived in light of the urgent need to collect clinical
data.
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Table 1
Summary of clinical features of the cluster patients infected with SARS-Cov-2 (on admission).
Index Patient A Patient B Patient C Patient D Patient E Patient F Patient G
Age(Year) 45 72 51 36 51 23 47
Sex Male Male Male Male Male Male Female
Occupation Business man Farmer Farmer Farmer Farmer Civil servant Farmer
Smoke Y Y N Y Y Y N
Alcohol drinking habit Y Y N Y Y Y N
Chronic medical illness N N Mania N N N N
Interval between Admission to 3 4 Uncertain 7 4 1 0.5
hospital and Symptom onset
(days)
Incubation period (days) Uncertain 3 Uncertain 4 8 1 8
Presenting symptoms and sign
Fever Y Y N N N Y Y
Chill Y Y N N N N N
Cough Y Y Y Y Y Y Y
Nasal congestion Y N N N Y N Y
Rhinorrhoea Y N N N Y N Y
Sneezing Y N N N Y N Y
Dyspnea Y N N N N N N
Sore throat Y Y Y Y Y Y Y
Chest pain N N N N N N N
Generalized weakness Y Y Y Y Y Y Y
Diarrhoea Y N Y Y N N N
Nausea and(or) Vomiting Y N Y N N N N
Headache N N N N N N Y
Insomnia Y Y Y N N N Y
Body temperature (°C) 39 38 36.3 36.8 37 384 375
Oximetry saturation (%) 98 95 98 99 99 99 98

N: no; Y: yes.
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Clinical and CT imaging features of 2019 novel )

coronavirus disease (COVID-19) =
Dear Editor,

Tang JW, et al. and colleagues have written to this Journal de-
scribing the emergence of 2019 novel coronavirus disease (COVID-
19)." We have had an opportunity to examine in detail the chest
computed tomography (CT) findings in cases with microbiologically
confirmed severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) infection, to familiarize radiologists and clinicians with the
imaging manifestations of this new outbreak. Meanwhile, we also
studied the clinical characteristics of the cases, combined with CT

Table 1
Clinical characteristics of the 14 patients infected with 2019-nCoV.

manifestations, to provide more clues for the correct diagnosis of
the disease.

Fourteen patients (P1-P14) aged from 10 to 75 years were re-
ferred to the fever clinic of our hospital, 7 of them (P8-P14) were
from Hui-Ya branch of our hospital. P9 and P14 had diabetes and
other patients had no underlying diseases. Among the 14 cases, 10
of them had a history of exposure to Wuhan or Hubei, while, P6
and P7 had no clear epidemiological history. P3/P4, P10/P11 were
family clustering disease. All the patients performed oropharyn-
geal swabs test and confirmed as COVID-19. Common respiratory
viruses, mycoplasma and chlamydia were negative. For patients’
venous blood tests at disease onset, as given in (Table 1), we
found that leucocytes and lymphocytes were slightly decreased or

2019-nCoV-RNA

test results of CRP, WBC#,
oropharyn- mg/L, x10"9/L, NEUT#, LY#, EO#, PCT,
Age, geal Chief 0.00- 4.00- x10"9/L, x1079/L, x10"9/L, ng/mL,
Patient Gender years Epidemiology swabs complaint 10.00 10.00 1.80-6.40 1.00-3.30 0.05-0.50 0.00-0.05
P1 F 27 Went to Wuhan The second test Fever (<38°) 5.78 3.77 2.55 0.98 0.01 NA
17 days ago was positive
P2 F 32 Went to Wuhan  Two tests were Fever for 1 147 3.40 222 0.80 0.01 NA
12 days ago positive day (<38°)
P3 F 56 Went to Hubei The first test Fatigue and 6.40 5.69 345 142 0.20 0.04
1 day ago was positive fever for 1
day (<38°)
P4 F 32 Family cluster The second test Fever for 1 1.60 6.87 530 1.01 0.12 0.04
with P3 was positive hour
(<38°)
P5 F 63 Went to Wuhan Two tests were Fever (<38°) 2.85 4,08 313 0.55 0.01 NA
2 days ago positive
P6 F 54 No clear history  The first test Fever (40°C) 63.79 5.89 415 131 0.01 NA
related to was positive
Wuhan
P7 F 49 No clear history  The first test Fever 10.36 3.76 2.56 0.94 0.00 NA
related to was positive
Wuhan
P8 F 35 Went to Wuhan  The first test Fever for half 6.50 3.25 1.93 1.10 0.00 0.027
14 days ago was positive, day
the second (37.5°C)
test was
negative
P9 F 63 Went to Wuhan  The fourth test Fever for 2 88.20 5.92 5.20 0.55 0.00 0.208
7 days ago was positive days
(37.1°C)
P10 M 41 Contacted with The first test Fever for 2 15.90 6.13 343 1.99 0.00 0.028
person from was positive days
Wuhan 25 (37.8°C)
days ago
P11 F 10 Family cluster Two tests were 0.00 6.92 5.11 159 0.00 0.020
with P10 positive Asymptomatic
(37.1°C)
P12 F 66 Went to Wuhan  The first test Dizziness, 25.80 6.84 4.99 1.56 0.00 0.065
4 days ago was positive vomituri-
tion, fever
(38.9°C)
and
myalgia for
more than
1 day
P13 F 54 Went to Wuhan  The first test Chills and 9.70 3.38 234 0.61 0.01 0.050
3 days ago was positive headache
for 3 days,
fever
(37.6°C) for
1 day
P14 M 75 From Wuhan The first test Cough and 78.70 5.36 4,28 0.93 0.00 0.105
was positive fever 1
week
(38.9°C)

Abbreviations: F, female; M, male; CRP, C-reactive protein; WBC, white blood cells; NEUT, neutrophil; LY, lymphocyte; EO, eosnophils; #: cell count; NA, not applicable. Note:

The normal reference value range is listed behind the blood test index.
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Table 2
Imaging characteristics during the first visit.
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Imaging characteristics P1 P2 P3 P4 P5 P6 P7 P8 P11

Lobar location
RUL
RML
RLL
LUL N
LLL J
Distribution
Subpleural
Random or diffuse N v
Morphology
Patchy-like
Nodular-like N Vv Vv
Both J J
Contour
Clear N N Vv
Blurry v v v v v v
Attenuation
GGO only N J N
Mixed GGO and consolidation J Vv N v N N
Consolidation only
Other signs
Reticulation N
crazy paving
Cavitation
Bronchiectasis N
Pleural effusion
Lymphadenopathy

< LA

S S

S

S NS

A S NS
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Abbreviations: RUL-right upper lobe, RML-right middle lobe; RLL-right lower lobe, LUL-left upper lobe, LLL-left lower lobe; GGO, ground glass opacity. "P#" represents one
patient. Note: Check mark (,/) indicate the appearance of the corresponding sign.

FO 1/

d
3
d

Fig. 1. The initial CT images (FO) and three times of follow-up CT images (F1-F3) of P1. FO showed patchy-like pure GGO located in the subpleural regions of the right
middle lobe (FO, A3, arrow) and the right lower lobe, accompanied by crazy paving sign (FO, A2, arrowhead). Follow-up 1(F1, B1-B4): CT images showed diseases progression.
The lesions manifested as coexisted nodular-like (F1, B4, arrow) and patchy-like lesions as well as peribronchial (F1, B2, arrowhead), central and subpleural distribution. The
lesions are migratory manifested as the absorption of the primary lesions and the emergence of new lesions. CT images of Follow-up 2 (F2, C1-C4) and Follow-up 3 (F3,
D1-D4) showed lesion absorption.
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Fig. 2. The initial CT images of P2-P7. CT images of P2 (Fig. 2, P2, A1-A2), P5 (Fig. 2, P5), P6 (Fig. 2, P6, A1-A2) and P7 (Fig. 2, P7, A1-A4) showed subpleural lesions, a
nodular-like lesion with pseudocavitary sign (Fig. 2, P7, A3, arrow) and mild bronchiectasis (Fig. 2, P6, A2, arrow) were also observed within the lesion. CT images of P3
(Fig. 2, P3, A1-A2) and P4 (Fig. 2, P4) showed round nodular-like GGO lesions (P3 and P4, arrow) located in the central area of the lung.

Al A2

Fig. 3. The initial CT images of P8-P11. CT images of P8 (Fig. 3, P8) and P9 (Fig. 3, P9) showed bilateral subpleural lesions with crazy paving sign. CT images of P10 (Fig. 3,
P10, A1-A2) showed bilateral multiple lesions, some of them were pure GGO located in the central region of the lung. CT images of P11 (Fig. 3, P11, A1-A2) showed bilateral
subpleural small nodular-like lesions.
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normal, eosinophil count were slightly decreased in 12 cases
and normal in 2 cases. Neutrophil counts were normal for all the
patients, and CRP was increased in 6 cases. PCT was normal or
slightly elevated.

On admission, 11 patients (P1-P11) underwent high resolu-
tion chest CT examination and their manifestations were shown
in (Table 2). P1 (Fig. 1, FO, A1-A4): CT images showed patchy-like
pure ground glass opacity (GGO) involving subpleural regions of
the right middle lobe (Fig. 1, FO, A3, arrow) and the right lower
lobe. The slightly thickened interlobular septa within the lesion
makes it appear the crazy paving sign (Fig. 1, FO, A2, arrowhead).
P2 (Fig. 2, P2, A1-A2): CT images showed mixed GGO and consol-
idation that appeared at subpleural area of the right middle lobe
and the right lower lobe. The lesion presented as patchy-like mor-
phology. P3 (Fig. 2, P3, A1-A2): CT images showed two well cir-
cumscribed, round nodular-like GGO lesions (Fig. 2, P3, arrow) lo-
cated in the central area of the left upper lobe. P4 (Fig. 2, P4): CT
images showed a small nodular-like pure GGO (Fig. 2, P4, arrow)
located in the central area of the left lower lobe. P5 (Fig. 2, P5): CT
images showed a slight of irregular pure GGO (Fig. 2, P5, arrow)
located in the subpleural region of the right lower lobe. P6 (Fig. 2,
P6, A1-A2): CT images showed bilateral multi-focal mixed GGO and
consolidation appeared at subpleural area of lung. Mild bronchiec-
tasis (Fig. 2, P6, A2, arrow) can also be observed within the lesion.
P7 (Fig. 2, P7, A1-A4): CT images showed bilateral subpleural le-
sions, among which the lesion in the left lower lobe was nodular-
like with pseudocavitary sign (Fig. 2, P7, A3, arrow). P8 (Fig. 3, P8)
and P9 (Fig. 3, P9): CT images showed bilateral subpleural lesions
with crazy paving sign. P10 (Fig. 3, P10, A1-A2): CT images showed
bilateral multiple lesions, some of them were pure GGO located in
the central region of the Iung. P11 (Fig. 3, P11, A1-A2): CT images
showed bilateral subpleural small nodular-like lesions.

P1 had three follow-up CTs (Fig. 1, F1-F3). The time interval be-
tween initial chest CT and follow-up were 4, 8, 14 days. Follow-up
1(Fig. 1, F1, B1-B4): CT images showed diseases progression. The
lesions showed diversified morphology and distribution, appearing
as coexisted nodular-like (Fig. 1, F1, B4, arrow) and patchy-like le-
sions as well as peribronchial (Fig. 1, F1, B2, arrowhead), central
and subpleural distribution. CT images of F1 showed the that le-
sions were migratory manifested as the absorption of the primary
lesions and the emergence of new lesions. CT images of Follow-up
2 (Fig. 1, F2, C1-C4) and Follow-up 3 (Fig. 1, F3, D1-D4) showed
the diseases were obviously absorbed.

In the current study, we investigated the detailed information
including clinical features and CT imaging characteristics of 6 pa-
tients with COVID-19. Our research has some new findings on the
basis of previous study: (1) The decrease of eosinophil count may
be helpful for the early diagnosis of the disease. Nevertheless, till
now, there is no study refer to blood tests?-> mentioned eosinophil,
which is worthy of further study. (2) Our CT study found that
COVID-19 has a variety of manifestations. In the early stage of the
disease, the lesion can manifest as round nodular-like GGO in the
central area of the lung lobe, which is different from the common
imaging manifestations that are patchy-like lesion in subpleural re-
gion.*~% (3) The follow-up CT images showed the lesions are migra-
tory manifested as the absorption of the primary lesions and the
emergence of new lesions, which had not been reported yet. (4)
The false negative rate of oropharyngeal swabs seems high. As we
know that, oropharyngeal swabs are the recommended upper res-
piratory tract specimen types for SARS-CoV-2 diagnostic testing,’-8
so a new detection technique should be developed as soon as pos-
sible.
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The role of phylogenetic analysis in clarifying the
infection source of a COVID-19 patient

™

Checkfor
| updates

Dear Editor,

Previous reports indicated that the emergence of the novel
coronavirus (SARS-CoV-2) infection (COVID-19) had raised global
concern and was characterized as a pandemic event by the World
Health Organization on March 11, 2020.'3 Till March 18, 2020, it
has spread to 146 countries, including Taiwan.* People in Taiwan
and mainland China travel frequently, which put Taiwan at a great

Table 1
Summary of SARS-CoV-2 alignment.
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risk of acquiring an epidemic of COVID-19. Taiwan has been on
constant alert and react rapidly to epidemics change from China
ever since the severe acute respiratory syndrome (SARS) epidemic
in 2003 and has done much effort on the containment of COVID-
19 with success.” Till March 18, 2020, there are only 100 cases of
COVID-19 noted in Taiwan, including 79 imported cases and 21
cases belonging to seven occasions of limited local transmission
(six family clusters and two transmissions in social societies).*

To contain the epidemics of COVID-19, prevention from both
import and export of contagious people is an essential interven-
tion. It is also important to clearly clarify the infection source in

MN908947

=
B

A2a A3

«

B4-1| B4-2 |NTUO1

position

NTU02

NTUO03|CDC02|CDC03|CDC04 [CGMH1 (CDS position| Codon |Amino acid,

187

2
5

SUTR n/a nla n/a

241

2
5

5'UTR n/a n/a n/a

1397

orfla 1132 |GTA>ATA| 378 V>I

2091

orfla 1826 | ACT>ATT | 609 T>|

2113

orf1a ATC>ATT | 616 1>

ojlo|lo|e|o|>
ojlo|lo|e|o|>»
ojlo|lH4|e|o]|>»
o|lo|lo|e|o|>

3037

ojlo|lo|e|o|>
ojlo|lo|e|o|>»

orfla 2172 TTC>TTT | 924 F>F

ololo|o|le|o|>»

4402

4
4
-
4

-
4

orfla 4137 |CTT>CTC| 1379 L>L

5062

4

orfla 4797 TTG>TTT | 1599 L>F

8782

orfla 8517  |AGC>AGT | 2839 S>S

> o|le|4|lol4]|0|>
> Hd4|leo|4|olo|o|ae

9034

> o|le|4|4|o|o|a
> o|le|4|olo|o|a

orfla 8769  |AAA>AAG | 2923 K>K

9430

o
o

o
o

orfla 9165 |ATC>ATA| 3055 I>|

9491

orfla 9226 CAT>TAT | 3076 H>Y

11083

orf1a 10818 | TTG>TTT | 3606 L>F

13679

orflb 212 TAC>TGC| 71Y>C

14408

orflb 941 CCT>CTT| 314 P>L

14805

orf1b 1338 | TAC>TAT | 446 Y>Y

15863

orflb 2396 |GGA>GTA| 799 G>V

o|lojlol4/>»|e|o|lo|>»|o|e|4|4|0o|o|o
@|lo|loflo|>»|e|o|lo|>»|o|a|4|d4|0|o|e
o|loloflo|>»|e|o|l®»|>»|4|e|4|o|o|o|o|o]|>»
@lojloflo|>»|e|o|lo|>»|H4|e|d4|o|o|o|a|o]|>

@|o|loflo|»|e|o|lo|>»|o|a
@|o|lo|lo|e|e|o|lo|>»|o|a
@|o|loflo|»|e|o|lo|>»|o|a
@|lo|loflo|>»|e|o|lo|>»| 4|
o|loloflo|>»|e|loflo|>»|4

@|lo|lofo|>»|4|0
@|loloflo|>»|a|o0

16188

o|lo|loflo|>»|e|d4|lo|e | o|e|4|lo|o|lo|o|o]|>

4|o|loflo|>»|ea|o|lo|>»|o|a
o|lo|loflo|>»|e|lo|lo|>»| 4|0
o|loloflo|>»|e|o|lo|>»|o|le|4|lo|o|lo|o|o]|>»

e|<|o|4>»|e|o0
@|loloflo|>»|a|o0

orf1b 2721 TGG>TGT| 907 W>C

17247

4
4
5
4
5
4
4
4
4
4
4

4

_.
4
4
4
4

orflb 3780 |CGT>CGC|1260 R>R

17373

orf1b 3906 |GCC>GCT| 1302 A>A

17747

orf1b 4280 | CCT>CTT | 1427 P>L

17858

orflb 4391 TAT>TGT | 1464 Y>C

o|»|of|o
o|»|of|o

o|>»|of|4

18060

o|»|of|o
o|»|of|o

orf1b 4593 | CTC>CTT | 1531 L>L

18603

4
4
-

“|lo|l>»|o|o

-
4

orflb 5136 CAT>CAC (1712 H>H

18877

-

orflb 5410 CTA>TTA | 1804 L>L

18928

ojlo|l4|o|>»|o|o

orf1b 5461 CCT>TCT | 1821 P>S

18975

4

orf1b 5508 |GTT>GTA| 1836 V>V

19175

orflb 5708 |GAT>GCT| 1903 D>A

21707

145 CAT>TAT | 49 H>Y

>|lo|l»|4|o|lo|4|o|>»|o|o|lo|e|o|d|o|>»|4|o|o|>»|o|o|+4|o|o|o|o|o]|>»

23403

1841 GAT>GGT| 614 D>G

24378

4

2816 TCT>TTT | 939 S>F

25563

orf3a 171 CAG>CAT| 57 Q>H

25964

orf3a 572 GAA>GGA| 191 E>G

26144

orf3a 752 GGT>GTT| 251 G>V

26211

orf3a 819 GTG>GTT| 273 V>V

(e} @ [0] > @ o| > (e} > = —=4| 0 = (e} > (e} (e}
olo|le|>»|e|o|>»|o|lo|>»|o|o|o|o|>|0]|o0
ole|lo|>»|o|o|l>»|o|>|4|o]lo|~|o|l>»|0]|0o

26894

o|leo|le|>»|e|o|>»|o|>»|H4|o|o|4|o|>»|0o]|0

372 CTC>CTT| 124 L>L

27925

o
=
o

o

ACA>ATA| 11T>|

28144

“4|lo|lo|leo|eo|>»|eo|lo|>»|o]|>»

251 TTA>TCA| 84L>S

28688

4

415 TTG>CTG| 139 L>L

28878

605 AGT>AAT | 202 S>N

29095

822 TTC>TTT | 274 F>F

> o|lo|lof|4
eo|lole| 4|0

29374

1101 |GAG>GAA| 367 E>E

olo|lo|leo|4|4|o|o|eo|e|>|e|o|>|o|>»|-4|0]|0
olo|lo|le|4|4|o|o|o|e|>|e|o|>|o|>»|4|0]|0

ole|lo|leo|4|4|o|o|o|e|>»|e|o|le|o|>»|4|o|o|4]|o|>|0]|0
olo|lo|le|4|4|o|o|eo|le|>»|e|o|le|o|>»|4|o|o|4]|o|>|0]|0
olo|lo|leo|4|4|o|o|eo|e|>|e|o|>|4|>»|4|0]|0

olo|lo|lo|4|o|lo|o|o|e|>»|e|o|l>|o|>»|4|o|o|a|4|a|4]|0
olo|lo|lo|-|o|lo|o|o|e|>»|e|o|l>|o|>»|4|o|o|4|o|>|0]|0
> o|lo|>»|4|o|o|o|eo|e|>|e|o|>|o|>»|4|o|o|4]|o|>|0]|0

o|lo|lofle|4l4|lol4d4]|lo|4]|>»|0

eo|lo|lH4|(eo| -0

29742

o|lo|lole|4|4]|o|lo|e|o|>»|o|lo|>»|o|>»|4|o|o|4]|o|>»|0|0

e|lo|lole|4|4]|o|lo|eo|d4|le|e|lo|>»|o|>|+4|0|o0
o|lo|lo|le|4|lo|o|lo|eo|o|>»|o|lo|>|o|>»|+4|0]|o0

o|o|lole|4|d]o|lo|x|eo|>»|d4|lo|e|o|>»|4|0

Q|lelofleo| 4|4

[N~ NN N0

3UTR n/a nla n/a

SARS-CoV-2 genetic

sequences, including NTUO3, all 6 previously

submitted Taiwan sequences, and representative

sequences for clades A1, Ala, A2, A2a, A3, A5, B1, B2, and B4, were aligned and compared. MN908947 was used
as the reference sequence, and orange shaded nucleotides indicated nucleotides different to the reference nu-
cleotide, and gray shaded positions indicated lack of nucleotide information. The NTUO1 and CDCO3 are derived from
the Case 3 patient, and CDCO4 and CGMH1 are from the from the Case 4 patient. Sequence data were obtained

from GISAID (https://www.gisaid.org/CoV2020/)
quence: Ala,
A2a, hCoV-19/Italy/UniSR1/2020|EPI_ISL_413,489;
hCoV-19/Australia/NSW13/2020|EPI_ISL_413,599;
19/USA/WA12-UWS8/2020|EPI_ISL_413,563; B2,

A5,

hCoV-19/USA/CA5/2020|EPI_ISL_408,010;
hCoV-19/USA/TX1/2020|EPI_ISL_411,956;

The GISAID accession number for each representative clade se-
hCoV-19/Switzerland/1,000,477,102/2020|EPI_ISL_413,019;
A2,

A1, hCoV-19/Singapore/11/2020|EPI_ISL_410,719;
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B1, hCoV-
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rea/KUMCO03/2020|EPI_ISL_413,513; B4-2, hCoV-19/USA/CA7/2020|EPI_ISL_411,954.
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Fig. 1. Phylogenetic analysis of the full-length SARS-CoV-2 sequences. The phylogeny tree analysis was conducted to determine the clade of NTUO3 (red asterisk) and its
relationship to other viral sequences derived from case patients identified in Taiwan (red arrows). The phylogenetic tree was generated and modified for display purposes
from Nextstrain (https://nextstrain.org/ncov),’ which uses genetic sequences and metadata from GISAID (https://www.gisaid.org/CoV2020/) and sequence submission date for
the horizontal axis.'” The phylogenetic tree was generated at 2020/03/09 6PM (GMT+38) with a total of 240 viral genomes sampled (For interpretation of the references to

color in this figure legend, the reader is referred to the web version of this article.).

order to initiate an efficient and successful contact tracing for the
SARS-CoV-2 infected patients, and thereafter people exposed to the
contagious patients could be quarantined to avoid further disease
spreading. Here we present a COVID-19 patient whose infection
source could not be completely clarified initially, and later was il-
luminated by using the phylogenetic analysis of the isolated virus.

This 66-year-old Taiwanese woman was well before. She trav-
eled to Dubai from January 29 to February 10, 2020, and Egypt
from February 11 to February 21, 2020. When she stayed in Egypt,
she ever participated an eight-day tourism on a Nile cruise boat.
She returned to Taiwan via an international airline on February
21, 2020. She began to suffer from general malaise, myalgia, cold
sweating, productive cough, and sore throat since February 18,
2020. She reported that there were another 16 persons in the same
tourism group had similar symptoms at that time. Her symptoms
persisted despite medication, prescribed on February 21 by a local
medical doctor. On February. 26, the cough exacerbated, and she
developed chest tightness, abdominal upset and vomiting. She vis-
ited the Department of Emergency of a teaching hospital in Taipei
on February 28. No fever was noted during her disease course. In
the context of her travel history and prominent respiratory symp-
toms, a nasopharyngeal swab was taken for test of SARS-CoV-2 by
real-time reverse transcription-polymerase chain reaction (RT-PCR),
and the result was positive. She was then transferred to a negative-
pressure isolation room as a case of COVID-19.

The most interesting point of this patient is where she con-
tracted her COVID-19. By history, she is more likely to contract
SARS-CoV-2 infection while travelling abroad. However, despite
that the median incubation period of COVID-19 was 5.1 days, it
might be as long as more than three weeks in some extreme
cases.57 Therefore, an argument that she got the infection while
she was in Taiwan couldn’t be excluded completely.

To clarify this argument, more virologic studies were conducted.
Virus whole genome sequencing was conducted for the SARS-CoV-
2 isolate (NTUO3) from her throat swab collected on March 2,
2020. The derived NTUO3 sequence was most similar to clade A2a
with only 5 nucleotide differences, which included 2 synonymous

mutations (Orf 1b/5410 CTA>TTA, and orf 3a/819 GTG>GTT), 2
nonsynonymous mutations (Orf 1b/799 G>V, and orf 3a/57Q>H),
and a mutation within 5'UTR (Table 1). An average of 12 nucleotide
differences were observed between NTUO3 and sequences of other
clades, whereas an average of 10 nucleotide differences were ob-
served with other previous viruses isolated from Taiwan. The phy-
logenetic analysis also reveals that the NTUO3 belongs to clade A2a
(Fig. 1).

Based on the results of whole genome sequencing and phylo-
genetic analysis, NTUO3 belongs to clade A2a, in which all other
of the reported case patients were currently either from Europe or
travelled to Europe recently according to the information provided
by the laboratories who submitted the clade A2a sequences to the
Global Initiative on Sharing All Influenza Data (GISAID). None of
the previously submitted sequences of viruses isolated from Tai-
wan were assigned to clade A2a or A2.

With the limited transmission clusters in Taiwan and the fact
that NTUO3 exhibits at least 8 unique nucleotide difference com-
pared to other previously reported viruses from Taiwan, we con-
clude that it is much more probable that the present patient was
infected during her travelling abroad. To our best knowledge, in
late February and early March, several foreign COVID-19 patients
who had travel histories to Egypt were reported. Further phyloge-
netic analysis including viral sequences derived from the 45 con-
firmed SARS-CoV-2 infections on the quarantined Nile cruise boat
will help to delineate the outbreak on Nile tourism boat and its
impact on the COVID-19 epidemic.?

Declaration of Competing Interest

None to declare.

Acknowledgments

We thank all the persons involved in the response to this out-
break.


https://nextstrain.org/ncov
https://www.gisaid.org/CoV2020/

160 Letter to the Editor/Journal of Infection 81 (2020) 147-178

Financial support

This study was financially supported by grant from the “Cen-
ter of Precision Medicine” from The Featured Areas Research Cen-
ter Program within the framework of the Higher Education Sprout
Project by the Ministry of Education (MOE) in Taiwan.

References

1. Tang J.W., Tambyah P.A., Hui D.S.C.. Emergence of a novel coronavirus causing
respiratory illness from Wuhan, China. J Infect 2020;80(3):350-71.

2. Zhang Z., Xiao K., Zhang X., Roy A, Shen Y.. Emergence of SARS-like coronavirus
in China: an update. J Infect 2020 [Epub ahead of print]. doi:10.1016/j.jinf.2020.
03.010.

3. World Health Organization [Internet]. Statement on the second meeting of
the International Health Regulations (2005) Emergency Committee regarding
the outbreak of novel coronavirus (2019-nCoV). [cited 2020 Mar 18]. Avail-
able from: https://www.who.int/emergencies/diseases/novel-coronavirus-2019/
events-as-they-happen.

. Taiwan Centers for Disease Control. Situation of COVID-19 in Taiwan. [cited
2020 Mar 18]. Available from: https://sites.google.com/cdc.gov.tw/2019ncov/
taiwan.

5. Wang CJ., Ng C.Y., Brook R.H.. Response to COVID-19 in Taiwan: big data ana-
lytics, new technology, and proactive testing. JAMA 2020 [Epub ahead of print].
doi:10.1001/jama.2020.3151.

. Backer J.A., Klinkenberg D., Wallinga ].. Incubation period of 2019 novel coron-
avirus (2019-nCoV) infections among travelers from Wuhan, China. 20028 Jan-
uary 2020. Euro Surveill 2020;25(5):2000062.

7. Lauer S.A,, Grantz K.H., Bi Q., Jones EK., Zheng Q., Meredith H.R,, et al. The in-
cubation period of coronavirus disease 2019 (COVID-19) from publicly reported
confirmed cases: estimation and application. Ann Intern Med 2020 [Epub ahead
of print]. doi:10.7326/M20-0504.

. The Washington Post. Egypt tires to reassure tourists as coronarivus spikes.
[cited 2020 Mar 18]. Available from: https://www.washingtonpost.com/world/
middle_east/egypt-tries-to-reassure-tourists-as-coronavirus-spikes/2020/03/
08/ab1dfbf6-6160-11ea-8a8e-5c5336b32760_story.html.

. Hadfield ], Megill C, Bell S.M., Huddleston ]. Potter B. Callender C.,
et al. Nextstrain: real-time tracking of pathogen evolution. Bioinformatics
2018;34(23):4121-3.

0. Sagulenko P., Puller V., Neher RA.. TreeTime: maximum-likelihood phylody-

namic analysis. Virus Evol 2018;4(1) vex042.

IS

[=2]

oo

©

—_

Jann-Tay Wang!
Department of Internal Medicine, National Taiwan University
Hospital, Taipei, Taiwan

You-Yu Lin!
Department of Microbiology, National Taiwan University Center of
Genomic Medicine, Taipei, Taiwan

Sui-Yuan Chang

Department of Clinical Laboratory Sciences and Medical
Biotechnology, College of Medicine, National Taiwan University,
Taipei, Taiwan

Department of Laboratory Medicine, National Taiwan University
Hospital, Taipei, Taiwan

Shiou-Hwei Yeh
Department of Microbiology, National Taiwan University Center of
Genomic Medicine, Taipei, Taiwan

Bor-Hsian Hu
Department of Internal Medicine, Hoping Fuyou Branch of Taipei
City Hospital, Taipei, Taiwan

Pei-Jer Chen
Department of Microbiology, National Taiwan University Center of
Genomic Medicine, Taipei, Taiwan

Shan-Chwen Chang*

Department of Internal Medicine, National Taiwan University
Hospital, Taipei, Taiwan

Department of Internal Medicine, College of Medicine, National
Taiwan University, No.7, Chung-Shan South Rd., Taipei 10002, Taiwan

*Corresponding author at: Department of Internal Medicine,
National Taiwan University Hospital, No. 7, Chung-Shan South
Rd., Taipei 10002, Taiwan.

E-mail addresses: wang.jt1968@gmail.com (J.-T. Wang),
changsc@ntu.edu.tw (S.-C. Chang)

1 These authors contribute equally.
Accepted 21 March 2020
Available online 8 April 2020

https://doi.org/10.1016/j.jinf.2020.03.031

© 2020 The British Infection Association. Published by Elsevier
Ltd. All rights reserved.

Characteristics of deaths amongst health workers in China g
during the outbreak of COVID-19 infection S

Dear Editor,

Since December, 2019, an outbreak of a novel coronavirus pneu-
monia (COVID-19) occurred in Wuhan (Hubei, China).! Recent pa-
pers in this journal also described the clinical and computed tomo-
graphic imaging features of novel coronavirus pneumonia caused
by COVID-19.2 During nearly two months of fighting against the
epidemic, health workers were under great physiological and psy-
chological pressure in China.> For example, due to wearing pro-
tective clothing, many health workers avoided drinking water and
wore adult diapers for a long time, so that some of them fainted
under hypoxia and hypoglycaemia.* Previous studies showed that
stress could increase the risk of infection® as well as induce ven-
tricular arrhythmia, and thus sudden cardiac death.® As a result,
the medical staff in the front-line fighting against the novel coro-
nary pneumonia were facing high risks of virus infection and sud-
den death. In 2003, more than 1,000 health workers were attacked
by severe acute respiratory syndrome (SARS) and 124 deaths were
observed in China. As of Mar 16, 2020, 24 health workers had died
during the outbreak of COVID-19 infection in China.

We retrieved information on 24 cases of deceased health work-
ers based on official reports from governmental institutes, as well
as reports from news sites. Data available to the public included
gender, age, cause of death, location city, date of disease onset,
date of admission, date of death, and hospital levels they worked.
We grouped cases into three groups based on the cause of death,
which included COVID-19 infection, sudden death, and traffic acci-
dent groups. Mann-Whitney U test was applied to compare con-
tinuous variables because the data was non-normal distribution,
and Fisher exact test was used for categorical variables because the
data number was limited.

Thirteen (54.2%) cases died of COVID-19 infection, 8 (33.3%)
suffered from sudden death including cardiac arrest, myocardial
infarction, and other non-confirmed diseases, and 3 (12.5%) died
in traffic accidents during work time or after work (Table 1). The
basic information of all the deceased health workers was listed in
Fig 1A. The median age was 50.5 years (IQR: 36.25-56.5), ranging
from 26 to 69 years. A total of 72,314 patient record showed
that 81% of dead cases were aged 60 years or older and 12.7%
were aged 50 to 59 years.” The median age of deceased medical
staff was obviously younger than that of the general population,
because medical staff were mostly in employment who were
younger than 60 years. Up to 83.3% of deceased medical workers
were males and no sex differences existed among COVID-19
infection group, sudden death group, and traffic accident group.
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Table 1

Demographics of deceased medical workers in China by Mar 16, 2020
Characteristic Total(n=24) COVID-19 Sudden death(n=8, Traffic accident(n=3, Z|x2(P [Fisher P)

infection(n=13, 54.2%) 33.3%) 12.5%)

Age, Median (IQR) -yrs 50.5(36.25-56.5) 51(38.0-58.0) 50(36.25-56.5) / -0.399(0.690)
Male, No. (%) 20(83.3) 11(84.6) 7(87.5) 2(66.7) 1.180(0.579)
Hubei resident, No. (%) 11(45.8) 11(84.6) 0(0.0) 0(0.0) 17.293(0.000%)
Wauhan resident, No. (%) 9(37.5) 9(69.2) 0(0.0) 0(0.0) 11.684(0.001*)
Community hospital, No. (%) 11(45.8) 3(23.1) 5(62.5) 3(100.0) 6.644(0.022%)
Onset to admission, Median (IQR)-days |/ 2(1-5.5) (n=9) / / /
Admission to death, Median (IQR)-days | 26(21.25-36.5) (n=12) | / /
Onset to death, Median (IQR)-days / 30.5(25-35.25) (n=10) | / /

€ Infectionwith COVID-19
€ sudden death

A € traffic accident
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49 years
cardiac arrest at work
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+Male *Male *Male 50 years
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Fig. 1. A) Death date, demographics, and death cause of medical workers in China by Mar 16, 2020. Infection with COVID-19 marked with blue, sudden death marked with
purple, and traffic death marked with red. B) The new number of deceased medical workers with confirmed COVID-19 infection at admission per 5 days (marked with blue),
new number of medical workers with sudden death per 5 days (marked with purple), and new number of medical workers with traffic accident per 5 days (marked with
red).
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In the group of infection, 11 deceased cases (84.6%) were males.
Zhang reported that the overall case fatality rate of male patients
(rough estimate: 2.8%) was significantly higher than that of female
patients (rough estimate: 1.7%).” In the group of sudden death,
7 cases (87.5%) were males. Previous study revealed that, at 45
years of age, lifetime risks for sudden cardiac death were 10.9% for
men and 2.8% for women,® which was similar to the results in our
study. The above data suggested that males had a higher risk of
death due to COVID-19 infection and sudden death than females.

Transmission of COVID-19 occurred in the hospital setting. In
the group of COVID-19 infection, there were more medical staff
working in Hubei province (84.6%) and Wuhan city (69.2%), which
was consistent with the result of 63% of infected medical staffs in
Wuhan in a recent report.® Due to the severity of COVID-19 in-
fection in Hubei, more nosocomial infections and deaths occurred
in Hubei than other provinces. As of February 11, 2020, 3,019
cases have been observed among health workers, of whom there
have been 1,716 confirmed cases. Among health workers infected,
14.8% of confirmed cases were classified as severe or critical, and
5 deaths were observed.” Among all the deceased medical staff
with COVID-19 infection, the median of period from disease onset
to hospital admission was 2 days (IQR: 1-5.5), and the median
of period from admission to death was 26 days (IQR: 21.25-36.5)
(Table 1). Based on the admission date of staff with COVID-19
infection and the death date of staff with sudden death, the new
number of deceased health workers per 5 days was listed in Fig 2.
Attacked infection mostly occurred on January and sudden death
mainly happened from Jan 23 to Feb 10, 2020.

Furthermore, there were more health workers who worked in
community hospitals suffering from sudden death or traffic acci-
dent. Sudden death due to huge work and lack of rest happened
since Jan 23, 2020, when comprehensive measures for epidemic
prevention and control were taken nationwide. Large-scale work
including temperature measurements, door to door visit, medicine
delivery, patients transfer, disinfection, etc., had been completed
by community or village medical workers. Some village doctors
even lived and ate in the village clinics. On Feb 22,2020, the Chi-
nese government took a series of measures to protect and support
health workers in the front line, such as improving the quality
of life, strengthening personal protection, arranging rest in turns,
and relieving mental stress. Afterwards, the incidence of accidental
death decreased significantly.

In summary, there were more males in the fatality of health
workers, more sudden death happening to community health
workers, and more death due to COVID-19 infection occurring in
Hubei health workers during the outbreak of COVID-19 in China.
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Recurrent PCR positivity after hospital discharge of people )
with coronavirus disease 2019 (COVID-19) S

Dear Editor,

The outbreak of coronavirus disease 2019 (COVID-19) was re-
ported by Tang and colleagues in late December 2019 in Wuhan,
China, in this journal, with a series of respiratory infected by a
novel coronavirus severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2).! By March 3, 2020, 105,586 cases of COVID-19 pneu-
monia were laboratory-confirmed in over 100 countries world-
wide.? Infection caused by SARS-CoV-2 can result in acute respira-
tory distress syndrome (ARDS), which is similar to the symptoms
induced by the Middle East respiratory syndrome coronavirus.>-*
With deeper understanding of the biological characteristic of SARS-
CoV-2, great successful progress has been made in COVID-19 treat-
ment. A total of 79,251 confirmed cases were reported in China by
February 28, and 39,002 cases out of them have been cured and
discharged from hospitals.

During January 28 to March 13, 6 COVID-19 recurrence cases
were found in Shangqiu, Henan Province, China (Fig. 1). Among the
recurrence cases, one case (Case 1) had significant post-discharge
clinical symptoms and discomfort for nine days, one case (Case 3)
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Fig. 1. Timeline of six

had a mild cough, and 4 cases (Case 2, 4, 5, and 6) were asymp-
tomatic with positive RT-PCR nucleic acid test.

Case 1, a 35-year old female living in Shangqiu, worked as a
hairdresser, and her contact history with Wuhan-imported cases
was not excluded. This patient experienced her first symptoms in-
cluding fever (max temperature: 38.5 °C), cough, and expectora-
tion (white sticky sputum) for 9 days before the first admission
(February 1, 2020). After the SARS-CoV-2 test of RT-PCR assay was
reported positive by CDC of Shangqiu City, on January 30, 2020,
the patient was isolated for treatment in the hospital and was
discharged on February 17, 2020, after a 16-day treatment, and
received a 14-day quarantine at home. No contact history with
other confirmed or possible COVID-19 patients was reviewed dur-
ing the quarantine period. However, this female experienced re-
peated fatigue, expectoration, sore muscles, and nausea once again,
with body temperature fluctuating in 36.5 ~ 36.8 °C. Once again,
the SARS-CoV-2 RT-PCR nucleic acid test was reported positive on
February 26, 2020, and this woman was rehospitalized on February
28, 2020 (Fig. 1).

Case 2, a 56-year-old female travelling from Wuhan, arrived in
Shangqgiu on January 18, 2020, and was suffering from irregular
fever, cough, expectoration, fatigue, and muscle soreness until Jan-
uary 25, 2020. This woman was laboratory confirmed as a COVID-
19 patient on January 30, 2020 and received a 12-day treatment
during February 1 ~ 13, 2020. After that, this patient was dis-
charged according to the criterion, including significantly improved
manifestations in clinic and CT imaging, and two negative nucleic

W RT-PCR(-) ¢Onsel of iliness

Second
admission

recurrence cases.

acid testing with an interval of 24 hours. During subsequent iso-
lation at home, the patient did not experience any symptoms or
discomfort or contact history, however, the recurrence of a positive
nucleic acid test was reported on February 28, 2020. This patient
was readmitted to the hospital for another treatment on the same
day. Case 2 also had a previous history of hypertension for 3 years
(Fig. 1).

The median age of recurrence cases was 45.2 years (varying
from 30 ~ 56 years old) and all were female. Two cases had pre-
vious history, one with hypertension, and one with chronic bron-
chitis. All patients had no history of smoking. Of the 6 cases, one
experienced significant symptoms during the relapse, one had oc-
casional cough, and four cases were asymptomatic. Most frequent
symptoms at their first admission were fever, cough, and expecto-
ration.

Recurrence cases showed no significant difference (P>0.05)
with control cases in leukocyte, lymphocyte, neutrophil, platelet,
and albumin counts (Table. 1). Most demonstrated lower albumin
and abnormal coagulation indexes. The first admission showed ab-
normal coagulation function in five cases: 3 cases with higher
blood platelet count (one was consistently above normal), 2 cases
with prolonged prothrombin time, and one case with a tran-
sient D-dimer elevation (1319). At the second admission, 4 cases
presented normal indexes of coagulation function while case 2
showed an elevated index of whole blood D-dimer (1033.46
ug/mL). Chest CT scanning was performed every 3~4 days on aver-
age from the initial examination, and each case involved at least 5
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Table 1

Levels of leukocyte, lymphocyte, neutrophil, platelet, and albumin between recurrence cases and cases without recurrence for more than two weeks.

At first admission

Discharged from hospital

Recurrence (N=6) Control (N = 29) t p Recurrence (N=6) Control (N=29) t p
Leukocyte(109/L) 5.06 + 1.95 5.92 + 3.13 -0.646 0.523 5.68 + 1.77 5.64 +1.49 0.059 0.953
Lymphocyte (109/L) 1.23 + 0.61 1.50 +0.61 -0.972 0.338 1.69 + 0.54 1.68 +0.52 0.033 0.974
Neutrophil (109/L) 3.26 +£0.94 3.91 +2.85 -0.547 0.588 3.41+137 3.41 £1.15 0.002 0.999
Platelet(109/L) 201.00 +88.56 221.66 +95.60 -0.487 0.629 27917 +38.09 251.50 +88.43 0.744 0.462
Albumin(g/L) 36.20 +£3.40 37.83 £6.18 -0.621 0.539 36.08 +3.40 3725 +5.62 -0.473 0.64
CT scans. CT manifestations of the 6 cases were characterized with Mingli Han

patch-like ground-glass opacities (GGO) in bilateral lungs, and tend
to have a gradually improved trend from admission to discharge,
to relapse. Multiple antiviral treatments were applied, including re-
combinant human interferon « -1b / 2b antiviral therapy (5 million
U, b.i.d., nebulization), oral lopinavir/ritonavir (100 mg, b.i.d., p.o.),
and abidol (200 mg, t.i.d., p.o.), combined with traditional Chinese
medicine treatments. Methylprednisolone was intravenously used
in one case, for 1 day (40 mg, b.i.d.) during the first hospitaliza-
tion.

Because the infectious period of COVID-19 infection was not
completely clear and several recurrence cases occurred, we suggest
that further consecutive observation and supervision for at least
two weeks were needed for the people discharged from hospital.
In addition, we may also combine other methods to detect this
virus, such as the serologic examination of SARS-CoV-2-specific
IgM antibody. Further, personalized treatment should be adopted
in order to cure patients completely, thereby reducing the recur-
rence rate.
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Clinical features of critically ill patients with confirmed )
COVID-19 =

To the Editor,

We read with great interest the article by Wenjie Yang and col-
leagues,! accepted for publication in the Journal of Infection. The
authors performed a retrospective multi-center cohort study and
presented important data regarding the observation that most pa-
tients of 2019 novel coronavirus disease (COVID-19) from Wen-
zhou city, Zhejiang, exhibited mild infection. However, the infor-
mation of critically ill patients, especially treated with extracorpo-
real membrane oxygenation (ECMO), was scare. No study to date
has provided evidence that the clinical features of critically ill pa-
tients with confirmed COVID-19 from Zhejiang province. We per-
formed a single-centered, retrospective, observational study to in-
vestigate the clinical characteristics and ventilation conditions of
critically ill patients infected with severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2).

From late January to February 23, 2020, 33 critically ill pa-
tients in the intensive care unit (ICU) of the First Affiliated Hos-
pital of Zhejiang University who were diagnosed as COVID-19 in
accordance with the diagnosis and treatment guidance published
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Table 1
Demographics and baseline clinical features of 33 COVID-19 patients in the ICU

Parameters All patients With ECMO Without ECMO P value

Number 33 7 26

Age, y 65.2 + 16.6 67.0 £ 17.7 64.7 £ 16.6 0.75

Age groups (years)
<18 0 (0.0%) 0 (0.0%) 0 (0.0%)
19-40 4 (12.1%) 1 (14.3%) 3 (11.5%)
41-65 11 (33.3%) 3 (42.9%) 8 (30.8%)
>66 18 (54.5%) 3 (42.9%) 15 (57.7%)

Sex 0.38
Men 22 (66.7%) 6 (85.7%) 16 (61.5%)
Women 11 (33.3%) 1 (14.3%) 10 (38.5%)

Chronic Comorbidities
Hypertension 22 (66.7%) 4 (57.1%) 18 (69.2%) 0.66
Diabetes 6 (18.2%) 1 (14.3%) 5 (19.2%) 1.00
Cardiovascular diseases 6 (18.2%) 1(14.3%) 5 (19.2%) 1.00
Chronic obstructive pulmonary disease 1 (3.0%) 1(14.3%) 0 (0.0%) 0.21
Malignancy 1 (3.0%) 1 (14.3%) 0 (0.0%) 0.21
Renal diseases 2 (6.1%) 0 (0.0%) 2 (7.7%) 1.00
Liver diseases 3(9.1%) 1(14.3%) 2 (7.7%) 0.52

Onset of symptoms to hospital admission, median (IQR), d 7 (6-10) 10 (5-13) 7 (6.5-10) 0.53

Blood routine

Leucocytes, x 10°/L 105 £ 5.8 6.5 + 4.7 11.6 £ 5.7 0.039*
Increased 15 (45.5%) 1 (14.3%) 14 (53.8%)
Decreased 3 (9.0%) 1 (14.3%) 2 (7.7%)

Neutrophils, x 10°/L 91 £58 53+ 42 101 £ 5.8 0.050
Increased 19 (57.6%) 1 (14.3%) 18 (69.2%)

Lymphocytes, x 10°/L 0.5 (0.45-0.9) 0.4 (0.3-0.7) 0.6 (0.5-1.0) 0.004*
Decreased 22 (66.7%) 6 (85.7%) 16 (61.5%)

Platelets count, x 10°/L 180.0(139.0-196.0)  111.0 (99.0-142.0) 189.0 (169.0-201.5)  0.002*

Blood biochemistry

ALT, U/L 20.0 (14.5-30.0) 30.5 (18.8-45.3) 17.0 (14.0-26.3) 0.034*
Increased 2 (6.0%) 1(14.3%) 1(3.8%)

AST, U/L 25.0 (18.3-40.0) 38.5 (24.8-75.5) 23.5 (17.0-36.3) 0.049*
Increased 8 (24.2%) 3 (42.9%) 5 (19.2%)

Total bilirubin, pmol/L 11.8 (8.0-18.5) 20.5 (11.8-36.6) 9.6 (7.4-14.7) 0.041*
Increased 4 (12.1%) 1(14.3%) 3 (11.5%)

Creatine kinase, U/L 240 £ 5.0 269 + 49 231 + 4.7 0.079
Increased 9 (30.3%) 4 (57.1%) 5 (19.2%)

Infection-related biomarkers

Procalcitonin, ng/mL 0.1 (0.05-0.32) 0.3 (0.1-0.7) 0.1 (0.04-0.2) 0.07
Increased 24 (72.7%) 7 (100.0%) 17 (65.4%)

Interleukin-6, pg/mL 46.6 (20.5-90.2) 290.6 (96.0-446.5)  38.2 (16.5-74.9) 0.016*
Increased 25 (75.8%) 5 (71.4%) 20 (76.9%)

hs-CRP, mg/L 45,5 (23.4-86.0) 50.0 (24.2-143.4) 40.0 (22.1-59.0) 0.53
Increased 30 (90.9%) 6 (85.7%) 24 (92.3%)

Bilateral involvement of chest CT 32 (97.0%) 7 (100.0%) 25 (96.2%) 1.00

Data are presented as mean=+SD, median (IQR), or counts (%).

Abbreviations: ALT, Alanine aminotransferase; AST, Aspartate aminotransferase; hs-CRP, high-sensitivity C-reactive protein; CT, computed tomo-

grams.

P values denoted the comparison between ECMO treated cases and non-ECMO treated cases. *Significant p<0.05.

by the Chinese government were enrolled in the study.”> We ob-
tained patients’ demographics, epidemiology data, details of labo-
ratory tests, treatments, and ECMO implantation.

The baseline epidemiological characteristics and clinical fea-
tures of 33 studied patients as classified by with or without ECMO
treatment were shown in Table 1. Most of the patients admitted
to the ICU were older and had several common comorbid condi-
tions, which demonstrated that age and comorbidities might be
the indicators for severely ill one and poor prognosis. Of all pa-
tients, the mean age was 65.24+16.6 years, and most of the patients
were aged 65 years and older. Of the seven patients who received
ECMO, the mean age was 67.0+17.7 years. Twenty-two (66.7%)
had underlying comorbidities, involving hypertension (66.7%),
diabetes (18.2%), and cardiovascular diseases (18.2%). For the
7 patients who received ECMO, 5 (71.4%) patients had associated
comorbidities, including hypertension (4 [57.1%]), cardiovascular
diseases (1 [14.3%]), diabetes (1 [14.3%]), chronic obstructive pul-
monary disease (1 [14.3%]), malignancy (1 [14.3%]), and liver dis-
eases (1 [14.3%]). In our study, more than half of the critically in-
fected patients were men (22 [66.7%]), especially in ECMO treated

patients (6 [85.7%]). Jing Li et al.> observed men probably had more
complicated clinical conditions and worse in-hospital outcomes as
compared to women in severe COVID-19 patients. The median time
from onset of symptoms to hospital admission was 7 days (IQR
6-10 days) which was longer than Wenjie Yang and colleagues’
study.

In terms of baseline laboratory data of severely confirmed
COVID-19 patients, three (9.0%) and 22 (66.7%) of 33 patients ex-
hibited leucopenia and lymphopenia, respectively. Platelets lev-
els on admission were lower in patients with ECMO treatment
than non-ECMO patients. Also, a recent case report verified the
counts of peripheral CD4 and CD8 T cells were both decreased in
a 50-year-old man with SARS-CoV-2 infection through the tech-
nology of flow cytometric analysis.* Specifically, the levels of as-
partate aminotransferase (AST) and alanine aminotransferase (ALT)
on admission were higher in ECMO treated patients (median AST
38.5U/L [IQR 24.8-75.5]; median ALT 30.5 U/L [IQR 18.8-45.3]) than
non-ECMO treated patients (median AST 23.5 U/L [IQR 17.0-36.3],
p=0.049; median ALT 17.0 U/L [IQR 14.0-26.3], p=0.034; Table 1).
Besides, admission levels of total bilirubin were increased substan-
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Table 2

Gas exchange after the commencement of ECMO
Parameters Pre-ECMO ECMO day 1 P value
FiO, (%) 70.0 + 16.3 371 + 12,9 0.011*
Peak inspiratory pressure, cnH,0  22.0 &+ 4.0 19.3+ 6.9 0.299
PEEP, cmH,0 70 £ 0.7 6.7 £ 2.0 0.356
Pa0,FiO, ratio 106.8 + 48.8 2357+ 120.7  0.042*
SPO; (%) 92.9 + 5.6 94.4 + 5.0 0.525
Pa0,, mmHg 724 + 33.8 77.5 + 24.7 0.785
PaCO,, mmHg 46.4 £ 59 36.0 + 1.8 0.005*
Lactate, mmol/L 42 + 41 23 £ 05 0.276

Data are presented as mean=SD.

Abbreviations: ECMO, extracorporeal membrane oxygenation; FiO,, fraction of in-
spired oxygen; PEEP, positive end expiratory pressure.

P values denoted the comparison between pre-ECMO and the first day of ECMO.
*Significant p<0.05.

tially in ECMO treated patients. These abnormalities suggested that
SARS-CoV-2 might be related to hepatic injury. However, almost all
of the included patients received antivirus treatment, the drug in-
duced liver injury could not be excluded. Huang et al. reported that
increased level of AST was found in about 62% of the ICU patients
in their study.” Therefore, damaged liver function is more common
in serious COVID-19 patients. Up to now, there has been no suffi-
cient evidence to clarify SARS-CoV-2 as the main reason of dam-
aged liver function. Further studies should concentrate on the rea-
sons of liver function damage in patients with COVID-19. The level
of procalcitonin increased in more than 70% of included patients,
and most of patients in our study received antibacterial and anti-
fungal agents. One possible explanation for the results may be that
many of the critically ill patients were associated with combined
infection of bacterial or fungal.

ECMO has been increasingly being used as a rescue treatment
for refractory hypoxemia in patients with severe acute respiratory
distress syndrome.® The initial mode was veno-venous (VV) ECMO
in the 7 patients. Initiation of ECMO was accompanied by a signifi-
cant improvement in PaO,/fraction of inspired oxygen (FiO,) ratio,
and significant decreases in PaCO,, FiO, (Table 2). Research showed
too high level of FiO, was related to increased production of reac-
tive oxygen-derived free radicals which were noxious to the hu-
mans health.”

In summary, our data indicated that SARS-CoV-2 infection
might cause damage to the immune and liver function of COVID-
19 patients. ECMO support was associated with improved venti-
lation conditions in COVID-19 patients with refractory hypoxemia.
The study may be helpful to providing evidence of the appropriate
time to initiate ECMO for critically ill patients with COVID-19, and
add further evidence for critically ill patients’ characteristics.
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The index case of SARS-CoV-2 in Scotland )
Dear Editor,
We read with interest Lillie and colleagues’ letter on the first

patients with COVID-19 in the UK.! Since its identification in De-
cember 2019, SARS-CoV-2 has infected 125,048 persons globally
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Table 1

Routine laboratory parameters.
Parameter Normal Day 1 Day 2 Day 3
Total white cell count (x109/L) 4-11 4.9 4.5 4.6
Neutrophil count (x109/L) 2-75 2.5 21 24
Lymphocyte count (x10°/L) 1.5-4 1.6 1.8 13
Monocyte count (x10°/L) 0.2-0.8 0.84 0.58 0.82
Platelet count (x109/L) 150-400 239 242 240
C-reactive protein (mgj/L) 0-5 4 2 3

Renal and liver biochemistry values were normal.

with cases identified in 118 countries across all continents.> We re-
port on the Scottish index case of SARS-CoV-2 infection, the virus
causing COVID-19.

The patient, a 51-year-old male, contacted the Scottish tele-
health service for advice on day +1 with a 24-hour history of
fever and cough having returned to Scotland from northern Italy
on day —2. His symptoms were in keeping with a “possible” case
of COVID-19 according to the national case definition at the time.
Community SARS-CoV-2 testing was arranged for day +2.

The patient had travelled to Italy on day —9 to watch a rugby
match in Rome. He travelled with his partner and two friends in a
private rental vehicle through Lombardy, Veneto and Tuscany, stay-
ing in private rental accommodation, before flying back to Scotland
from Milan on day —2. He was not aware of any contact with cases
of COVID-19.

On day O he developed fever, myalgia, malaise and sinusitis.
This progressed to a cough productive of green sputum on day +1.
His fever had subsided by day +2.

The patient remained in self isolation in the community whilst
awaiting the results of SARS-CoV-2 PCR which was performed in
the West of Scotland Specialist Virology Centre on a combined
nose/throat swab. This sample tested positive for SARS-CoV-2
on day +3 with a threshold cycle (Ct) value of 36. An urgent
teleconference was held between virology, public health, Scottish
ambulance service and the receiving regional High Consequence
Infectious Diseases (HCID) unit. The patient was subsequently
transferred by Special Operations Response Team (SORT) am-
bulance to the HCID unit. The patient was escorted from the
ambulance to a laminar flow room (with antechamber) on the
first floor of the unit by medical staff in appropriate personal
protective equipment (PPE). The patient was wearing a surgical
face masque throughout transit. The ambulance staff returned to
their base for doffing of PPE.

The patient was usually well and exercised regularly. He was
a lifelong non-smoker. His medical history consisted only of hy-
pertension. He had no known underlying lung disease. He took
an ACE-inhibitor and self-medicated with paracetamol and non-
steroidal anti-inflammatory drugs during his illness.

On admission, the patient was afebrile with a mild non-
productive cough. He had no limitation in exercise tolerance during
this acute illness and continued to exercise in his home whilst self-
isolating. On assessment, lung fields were clear on auscultation and
bilateral scleral injection was noted. Admission vital signs were:
heart rate 79 beats per minute, blood pressure 171/105 mmHg, res-
piratory rate 18, pulse oximetry 96% on air and temperature 36.5.
The results of routine laboratory parameters are shown in Table 1.
By day three of admission the patient had lymphocytopenia, which
was found in 80.4% of patients with laboratory-confirmed non-
severe COVID-19 in mainland China.? Chest radiography was not
clinically indicated. PCR testing for other respiratory viruses, My-
coplasma pneumoniae and Chlamydia pneumoniae on the throat
swab was negative. Nose and throat samples for SARS-CoV-2 PCR
were obtained daily to monitor viral shedding (Fig. 1). SARS-CoV-2
PCR on urine, faeces and EDTA blood was negative. The patient was
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Fig. 1. SARS-CoV-2 PCR threshold cycle values during hospital admission
Note on day 2 a combined throat and nose swab was performed. Negative PCR is
plotted as Ct value of 40 (dotted line).

clinically well throughout the admission; no supportive care was
required. He was discharged after 8 days, following two sequen-
tial nose and throat swabs negative for SARS-CoV-2 by PCR. The
initial viral sample was sequenced by the MRC-University of Glas-
gow Centre for Virus Research, mapped against the Wuhan-Hu-1
reference genome and aligned with a collection of global SARS-
CoV-2 sequences, with the resulting analysis released open access.
Phylogenetic analysis demonstrated that Scotland/CVR01/2020 be-
longed to a clade of isolates all acquired in northern Italy.*

Public health undertook contact tracing and testing and no
further cases were identified

A large case series from China has reported that the majority of
COVID-19 cases (81%) had mild disease only, with risk of severe
disease and mortality higher in older patients with pre-existing
medical conditions.” The patient described here also had a mild
and self-limiting illness. Although asymptomatic and mild mani-
festations of previous epidemic-associated coronaviruses (SARS and
MERS) occur,®-” these appear to be substantially more common in
COVID-19. This poses a challenge for the early identification and
isolation of cases, to limit transmission. In the “contain” phase of
the UK COVID-19 response, early case identification was reliant on
epidemiologic (not severity) criteria. The public health guidance at
the time of this case was that travellers to Veneto and Lombardy
were considered at risk. The patient had travelled to these areas
but in private transport, staying in the area briefly and having lim-
ited interactions with residents. Therefore, whilst fulfilling ‘at risk’
criteria, from a practical perspective the risk seemed low.

The kinetics of SARS-CoV-2 viral load have not yet been well
characterized in large numbers of patients. Prolonged nasopharyn-
geal viral shedding was reported in a series of 18 patients from
Singapore, with a median of 12 days between first and last posi-
tive samples and an initial large decline in viral load followed by
a slower decay of residual low-level virus.® Similar kinetics were
observed in 17 patients from China, where results were stratified
by site tested (nose/throat) suggesting quantitatively greater and
more prolonged shedding from the nose.’ The kinetics of shedding
in this case match this pattern, with more prolonged nasal shed-
ding (Figure).

National public health guidance on PPE requirements for man-
aging cases of COVID-19 in infectious disease units stipulates use
of disposable gowns, two pairs of disposable gloves, visor and FFP3
respirator.’? These guidelines currently do not recommend use of
specific footwear, so it is concerning that SARS-CoV-2 was de-
tected by PCR from the shoe front of a healthcare worker caring for
COVID-19 patients.!! For this case we used disposable boot covers
over plastic clogs.
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As the SARS-CoV-2 outbreak continues, we are learning more
about the clinical manifestations of the infection and the logistics
of containing and managing cases. This case highlights the need to
have a low index of suspicion for diagnosis of COVID-19 and for
early isolation.
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The clinical characteristics of myocardial injury in severe q

and very severe patients with 2019 novel coronavirus S
disease

Dear Editor,

We read with interest the recent article published by Yang W
et al.,! which described the clinical characteristics and imaging
manifestations of hospitalized patients with confirmed COVID-19
infection in Wenzhou, Zhejiang, China. The 2019 Novel coronavirus
disease (COVID-19) has drawn global intensive attention.2~* Previ-
ous studies suggest that severe COVID-19 may present with acute
cardiac injury.2~* However, few have investigated the cardiac lesion
markers and their correlation to disease severity. In this letter, we
explored the cardiac lesion biomarkers in patients with severe and
very severe COVID-19.

We enrolled 34 COVID-19 patients admitted to the West Dis-
trict of Union Hospital of Tongji Medical College from February 5th
to February 13rd, 2020. COVID-19 was diagnosed upon admission
based on the New Coronavirus Pneumonia Prevention and Control
Program (4th edition).”> Severe COVID-19 was defined as having ei-
ther one of the flowing criteria: (1) Respiratory distress with res-
piratory rate more than 30 times/min; (2) Oxygen saturation <93%
in resting state; (3) Pa02/Fi02<300 mmHg (1 mmHg = 0.133 kPa);
and very severe either one of the flowing: (1) Respiratory failure
in need of mechanical ventilation; (2) Shock; (3) Other organ dys-
function. Patients with medical history of cardiovascular disease
were excluded. The study was approved by the ethics committee
of the local hospital.

Demographic data and serum samples were collected upon
admission. Laboratory confirmation of COVID-19 was done as
recommended.” Laboratory test and cardiac lesion markers, in-
cluding cardiac troponin I (cTnl), myoglobin (Myo), Creatine Ki-
nase (CK), Creatine kinase-MB (CKMB), «-hydroxybutyrate dehy-
drogenase (HBDB), Lactate Dehydrogenase (LDH), and Aspartate
Aminotransferase (AST), were tested by the laboratory depart-
ment. Data were presented as percentages for categorical variables
and median#+IQR (Inter Quartile Range) for continuous variables.
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Table 1
Baseline information and cardiac biomarkers in severe and very severe patients with COVID-19.
Median(IQR) P value Reference
Severe Very Severe

Number 26 8
Sex(Male%) 46.15% 62.50% ns
age 63(58-69) 67(66-75) ns
CRE(umol/L) 64.2(56.5-74.7) 82.6(69.6-98.6) ns 57.0-111.0
AST(U/L) 32(25-45) 44(34-56) ns 8-40
ALT(U/L) 34(27-67) 49(29-75) ns 5-40
WBC count(*10"9/L)  5.93(4.77-7.45) 9.32(6.37-10.99) ns 3.50-9.50
NEU% 78.20(71.10-84.70) 86.70(63.50-91.15) ns 40.00-75.00
LYO% 14.30(11.90-18.90) 7.60(4.55-16.40) ns 20.00-50.00
CRP(mg/L) 18.87(12.26-43.66)  73.00(36.57-116.95)  <0.05 0.00-8.00
Cardiac Biomarkers
cTnl(ng/L) 4.8(2.5-8.4) 46.8(34.2-299.8) <0.001 <26.2
Myo(ng/mL) 62.8(33.0-87.7) 101.75(59.4-212.4) ns <146.9
CK(U/L) 88(45-125) 199(77-285) <0.05 24-194
CKMB(U/L) 10(17-13) 13(10-25) ns 0-25
HBDB(U/L) 245(207-275) 453(347-547) <0.01 72-182
AST(U/L) 32(25-45) 44(34-56) ns 8-40
LDH(U/L) 287(246-331) 513(414-641) <0.01 109-245

Abbreviations: IQR: inter quartile range; CRE: Creatine; AST: Aspartate aminotransferase; ALT: Ala-
nine aminotransferase; WBC: White blood count; NEU%: Neutrophil percentage; LYO%: Lympho-
cyte percentage; CRP: C reactive protein; cTnl: cardiac troponin I; Myo: myoglobin; CK: Crea-
tine Kinase; CKMB: Creatine kinase-MB; HBDB: «-hydroxybutyrate dehydrogenase; AST: Aspartate

aminotransferase; LDH: Lactate Dehydrogenase.

Zzlr’rll;azration of the severe and very severe patients with normal or elevated cardiac biomarkes.
Group Number cTnl (ng/L) CK (U/L) HBDB (U/L) LDH (U/L)
Normal  Elevated Normal Elevated Normal Elevated Normal  Elevated
Severe 26 25 1 23 3 4 22 6 20
Very Severe 8 0 8 4 4 0 8 0 8
P value <0.001 <0.05 ns ns

Abbreviations: c¢Tnl: cardiac troponin I; CK: Creatine Kinase; HBDB: «-hydroxybutyrate dehydrogenase; LDH: Lactate Dehy-

drogenase.

Simple t-test and Mann-Whitney U test was used to compare con-
tinuous variables. Fisher’s exact test was used to compare categor-
ical variables.

We noted significantly increased cTnl, CK, HBDB and LDH lev-
els in very severe group as compare to severe (Table 1). We then
applied Fisher’s exact test to determine the positive rate of cardiac
lesion markers between severe and very severe patients. Increas-
ingly, the percentage of very severe patients with elevated cTnl
levels was markedly higher, with 8/8 patients exhibiting increased
cTnl in very severe group, and only 1/26 patient in severe group (P
value<0.001). In addition, the abnormal percentage of HBDB and
LDH showed no significant difference between 2 groups (Table 2).

Recently, a number of studies have described the epidemio-
logical and clinical characters of COVID-19.2% A study of 41 pa-
tients with COVID-19 has suggested that 12% of the mild and se-
vere cases combined showed increased hyper sensitivity troponin I,
suggesting acute myocardial injury.? It is also reported that severe
acute respiratory syndrome coronavirus (SARS-CoV)® and Middle
East respiratory syndrome coronavirus (MERS-CoV)’ have caused
critical cardiac lesions. In the present study, we have focused on
cardiac lesion biomarkers in severe and very severe patients with
COVID-19. We have proved elevation of cTnl, CK, HBDB, and LDH
in critical cases. It is important to notify that, in very severe group,
8/8 patients exhibit cTnl above reference level, while 1/26 in se-
vere group. This suggests that elevated cTnl could be a potential
indicator for critically ill patients. It is worth notifying that among
the 8 critically ill patients enrolled, the kidney and liver function
markers are not as significantly disturbed as the cardiac lesion
markers, suggesting that most patients enrolled have not been suf-

fering from multiple organ dysfunction syndrome (MODS). Thus,
the consistently high cTnl levels in very severe group point to the
importance that the heart injury could be a distinct, or even lethal
feature in very severe COVID-19. Protecting from myocardial injury
could be of vital importance in clinical treatment for reducing the
mortality rate. The study was limited by small sample size. And we
haven’t analyzed the echocardiography and MRI for the patients
enrolled. Further analysis is needed to determine the etiology.
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Wuhan and Hubei COVID-19 mortality analysis reveals the )

critical role of timely supply of medical resources s
Dear Editor,

The 2019 novel coronavirus diseases (COVID-19) outbreak
caused by SARS-CoV-2 is on-going in China and has hit many
countries.! As of 3 March 2020, there have been 80,270 con-
firmed cases and 2981 deaths in China, most of which are from
the epicenter of the outbreak, Wuhan City, the capital of Hubei
Province. New COVID-19 cases have been steadily declining in
China and more than 60,000 patients have been recovered,* largely
due to the effective implementation of comprehensive control
measures in China.>® Here we report that some of these measures,
such as a dramatic and timely increase of medical supplies, may
play a critical role such that the mortality and recovery rates of
COVID-19 in Wuhan follow exponential decay and growth modes,
respectively.

We collected data for analysis on the officially released cumu-
lative numbers of confirmed, dead and recovered cases (from 23
Jan to 3 Mar 2020) in five geographic regions, i.e., mainland China,
Hubei Province, outside Hubei (in China), Wuhan City and outside
Wuhan (in Hubei). As of 3 Mar 2020, crude fatality ratios (CFRs)
in the above regions are 0.027+0.006, 0.035+0.007, 0.005+0.002,
0.045+0.012 and 0.021+0.008, respectively, in line with earlier re-
ports.”>*6 While the mortality rates of COVID-19 outside Hubei and
outside Wuhan appear constant over time, the mortality rates in
Hubei and Wuhan decline continuously (Fig. 1(A)). Strikingly, the
mortality rates in Hubei and Wuhan are well-fitted with the expo-
nential decay mode (R? being 0.93 and 0.82, respectively; Fig. 1(A)
and Table S1), and it is the same forth with that in China (R? be-
ing 0.86) but not with that outside Hubei and outside Wuhan (R?
being 0.39 and 0.32, respectively). Remarkably, we found that the
recovery rates of COVID-19 patients in the above regions were all
well-fitted with the exponential growth mode (R? being 0.96, 0.95,
0.95, 0.88 and 0.95, respectively; Fig. 1(B) and Table S1). Such in-
triguing pattern for the COVID-19 mortality and recovery rates in
Wuhan (or Hubei) somehow contradicts traditional epidemiologi-
cal models wherein both are assumed as constants.”

The above unique pattern may reflect the fact that COVID-19
patients in Wuhan (or Hubei) have been treated more effectively
day by day. Here we focused on two components essential for ef-
fective treatments, i.e., the supply of health workers and hospi-
tal beds. As a matter of fact, a great number (up to 42,000, as
of 1 March 2020) of health workers have been aided by other
provinces in China (Table S2) and they are working in different
cities of Hubei (Table S3). This extraordinary aid keeps the ratio
of the health workers to patients in Hubei at above 0.6 despite the
number of remaining confirmed cases has ten-fold increased up to
50,000 on 18 Feb (Fig. 1(C)). Results also show that the number
of acute care beds from more than 45 designated hospitals plus
two newly built ones in Wuhan has been consecutively increas-
ing up to 23,532 (as of Feb 24) under the government-directed
re-allocation (Fig. 1(D)). This supply thus enabled the severe and
critical patients to be treated timely and effectively.® More impor-
tantly, there have been over 10 temporary hospitals (named Fang-
cang hospitals) reconstructed from gymnasium and exhibition cen-
ters, which provide more than 26 000 makeshift beds for mild pa-
tients (Fig. 1(D)). These combinations guaranteed nearly 100% of
COVID-19 patients to be treated in hospitals even if the number of
remaining confirmed cases has ten-fold increased up to 38 000 on
18 Feb (Fig. 1(D)). In contrast, a lot of patients had to stay at home
in the early stage of the outbreak in Wuhan due to the shortage of
beds such that many transmissions in households occurred.®

Accordingly, the effective implementation of comprehensive
control measures and infection-treatment practices is critical for
combatting any new pathogens, not only interrupting the trans-
missions but also saving the patients. Timely supplied medical
resources, including re-allocation of acute care beds, rapid con-
struction of new hospitals and generous aid of health workers by
other less-severe areas, apparently help the epicenter of the out-
break Hubei (Wuhan) to accomplish a unique and also encour-
aging outcome for life-saving such that the mortality and recov-
ery rates of nearly 50,000 COVID-19 patients exponentially de-
cays and grows, respectively. Other crucial factors contributing to
this success may include the improved and optimized diagno-
sis and treatment strategies,® which are critical for saving severe
and critical patients.>-%9 This speculation appears to be supported
by the exponential growth of the COVID-19 recovery rate out-
side Hubei (Fig. 1(B)) where medical resources are relatively suf-
ficient over time.' Collectively, the achievement made in Hubei
(or Wuhan) may provide useful guidance for many countries to be
better prepared for the potential pandemic? that may overwhelm
local health care systems.
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Fig. 1. Fitting the COVID-19 mortality and recovery rates with exponential decay and growth functions, respectively and timely supply of medical resources. (A, B) Mortality
rate (panel A) and recovery rate (panel B) for COVID-19 in China over time and by location, with exponential decay- and growth-based regression analyses being performed,
respectively (as shown by colored solid lines). Parameters from the regression analyses are shown in Table S1, with R? being shown here. (C) Numbers of the aided health
workers in Hubei over time. Ratio of the aided health workers to patients was also plotted (note: most of the aided health workers are working in Wuhan; refer to Table
S3). (D) Numbers of the remaining confirmed cases of COVID-19, and acute care beds, makeshift beds from Fangcang hospitals and total beds in Wuhan over time. Ratio of
beds to patients was also plotted. Here the data of newly supplied beds in Hubei are not available and thus the data for Wuhan were analyzed.
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Comparisons of viral shedding time of SARS-CoV-2 of )
different samples in ICU and non-ICU patients &

Dear Editor,

We read with interest the recent letter by Hao! that addressed
the initial negative RT-PCR result in atypical patients. Since out-
break of unexplained pneumonia cases in Wuhan, China in Decem-
ber, 2019,% the coronavirus disease 2019 (COVID-19) has spread to
more than 90 countries. By 7th March, the infection of SARS-CoV-2
has influenced 101,918 patients globally.> Recommended by World
Health Organization (WHO), # a positive real-time reverse tran-
scriptase polymerase chain-reaction (RT-PCR) result could confirm
the diagnosis of suspected COVID-19 patients. However, there still
lacks thoroughly research concerning viral shedding time among
different samples in COVID-19 patients. Here we compared the vi-
ral shedding time of SARS-CoV-2 in different samples of intensive
care unit (ICU) and non-ICU patients and analyzed their character-
istics.

We analyzed a total of thirty-two COVID-19 patients admitted
to Central Hospital of Xiangtan from January to February, 2020. Dy-
namic clinical samples including nasal swabs, blood, fecal, urine,
saliva and tears were collected from each patient for surveillance.
What is more, we recorded synchronous clinical and epidemio-
logic information with oral consent. Total RNA was extracted from
clinical samples and we performed RT-PCR tests targeting SARS-
CoV-2. The continuous variants were described by mean when
they conform to Kolmogorov-Smirnov test. We did analysis of
Chi-square tests and Mann-Whitney tests to compare differences
among groups. P < 0.05 was considered significant. Statistical anal-
yses and figures were conducted using the Stata 14 and GraphPad
Prism 8.

From Table 1, the thirty-two patients include eight ICU and
twenty-four non-ICU patients, their age ranged from 34 to 54 years
old. A proportion of 43.8% (14/32) patients were from Wuhan and
none come back from other cities of Hubei province. Three patients
had not been to Hubei province but infected by people from Hubei.
Nine of thirty-two patients were identified as family clustered in-
fection. Seven patients had no clear contact history. For the en-
rolled patients, 40.6% (13/32) of them carried underlying diseases,
of which the common diseases were hypertension (5 patients) and

Abbreviations: COVID-19, coronavirus disease 2019; SARS-CoV-2, severe acute
respiratory syndrome coronavirus 2; RT-PCR, real-time reverse transcriptase poly-
merase chain-reaction; WHO, World Health Organization; ICU, intensive care unit.

Table 1

Clinical and epidemiologic characteristics of COVID-19 patients.

Patients (n=32)

Age-year 41(34-54)
Male/Female-no. 16/16
BMI 245 (22.6-26.5)

Epidemic-no. (%)
From Hubei province

Not been to Hubei province, but
infected by people from Hubei
province

Wuhan 14(43.8%), other area of
Hubei province 0(0.0%)
3(9.4%)

Without any clear contact history 7(21.9%)
Family cluster infection 9(28.1%)
Hospital-related transmission rate 0(0.0%)
(Xiangtan City)
Underlying disease- no. (%)
Diabetes 4(12.5)
Hypertension 5(15.6)
Cardiovascular diseases 1(3.1)
Liver disease 2(6.3)
Malignancy 0(0.0)
Others 1(3.1)
Initial symptom-no. (%)
Fever 17 (53.1)
Cough 24 (75.0)
Fatigue 5 (15.6)
Headache 6 (18.8)
Diarrhea 3(94)
Sore throat 7 (21.9)
Muscular soreness 6 (18.8)
Anhelation 10 (31.2)
No symptoms 4 (12.5)

diabetes (4 patients). The average onset days was five days and the
most common initial symptom was cough (75. 0%, 24/32). Surpris-
ingly, only 53.1% (17/32) patients presented with fever in the be-
ginning. The other symptoms encompassed fatigue, headache, diar-
rhea, sore throat, muscular soreness and anhelation. Four patients
were diagnosed as COVID-19 without symptoms.

As indicated by RT-PCR results, we obtained positive rate and
viral shedding time of different samples in ICU and non-ICU pa-
tients. The positive rate of nasal swab in these patients was
100.0% (32/32) and three patients experienced negative result at
the first tests. The positive rate of saliva (78.1%, 25/32) was sig-
nificantly higher than that of tears (15.6%, 5/32) in enrolled pa-
tients (p<0.001). All the urine samples from thirty-two patients
were negative. In the tests of blood, the positive rate was 87.5%
(7/8) in ICU and 66.7% (16/24) in non-ICU patients respectively.

What is more, we performed consecutive analyses of nasal
swab, blood and saliva in non-ICU and ICU groups. As shown in
Fig. 1(A), the viral shedding (from positive to negative) time of
SARS-CoV-2 of nasal swab was significantly longer than that of
blood (p=0.000) and saliva (p=0.05). Though shorter time of vi-
ral shedding in blood samples than saliva was observed, no sig-
nificant p value was detected (p=0.070). The viral shedding time
of SARS-CoV-2 of nasal swab was 15.67+6.68 days in non-ICU
group and 22.25+3.62 days in ICU group. For blood, the viral shed-
ding time was 10.17+6.13 and 14.634+5.88 days in non-ICU and
ICU patients respectively. Saliva in non-ICU and ICU patients took
13.3345.27 and 16.50+6.19 days separately to converse to negative.
As shown in Fig. 1(B), the viral shedding time of SARS-CoV-2 of
nasal swab in non-ICU patients was significantly shorter than ICU
patients (P=0.02). No obvious significance was indicated in blood
and saliva samples between non-ICU and ICU groups.

RT-PCR was a widely used tool in diagnosing SARS-CoV-2 in-
fection. Guided by WHO,* two consecutive negative RT-PCR result
with at least two days apart should be achieved before discharge of
patients. Several cases have been reported negative of RT-PCR tests
before confirmation.! In our study, one patient experienced five
continuous negative results before admission and then the sixth
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Fig. 1. Comparisons of viral shedding time of SARS-CoV-2 in different samples and patients.

(A) Comparisons of viral shedding time of SARS-CoV-2 in different samples.

(B) Comparisons of viral shedding time of SARS-CoV-2 of different samples in non-ICU and ICU patients.

nasal swab on admission finally supported his diagnosis. Consid-
ering this situation, the molecular diagnosis should be made with
other clinical samples or other etiologic tests including serological
tests, CRISPR, or metagenomic sequencing. The viral shedding time
of SARS-CoV-2 was reported around two weeks.” The longer time
consumed to turn from positive to negative in nasal swabs than
in blood and saliva samples was in accordance with the respira-
tory transmission characteristics of the disease, and indicated that
a longer surveillance needed in respiratory samples for nucleic acid
testing.

What is more, in our study, we categorized patients into two
groups: ICU and non-ICU. In ICU patients, the viral shedding time
of blood, nasal and saliva sample all exceeded two weeks, illus-
trating a relatively longer period than non-ICU patients. These dif-
ferences of viral shedding time in ICU and non-ICU patients might
be correlated with virus load, severity and invasive operations of
patients.

In conclusion, our study originally illustrated that nasal swab
samples consumed more time to turn negative than blood and
saliva samples. What is more, viral shedding time of SARS-CoV-
2 in ICU patients was longer than that of non-ICU patients, espe-
cially nasal swab samples. A combination tests of different samples
might provide us with further information concerning the trans-
mission characteristics of COVID-19 patients.
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Profile of specific antibodies to SARS-CoV-2: The first N

Checictor

report s
Dear Editors,

A novel coronavirus (COVID-19) epidemic threatens the
world.!2 Before this study, some studies reported cases of viral
detection by RT-PCR at different timepoints throughout the dis-
ease course.>* However, these reports monitored SARS-CoV-2 in
the acute phase of infection. Currently no study reported the pro-
file of specific antibodies to SARS-CoV-2 infection. Profile of spe-
cific antibodies in patients’ blood can assist diagnosis and reflect
the disease course. Here, we first studied the profile of IgM and
IgG for SARS-CoV-2 from 34 COVID-19 patients.

A total of 34 hospitalized patients (admission date from Feb
15t to Feb 29th, 2020) with confirmed SARS-CoV-2 infection were
included in this study. All enrolled patients were confirmed di-
agnosed of COVID-19 according to the diagnosis and treatment
guideline for SARS-CoV-2 from Chinese National Health Commit-
tee (Version 5) and the interim guidance from Centers for Disease
Control and Prevention.>-® Blood samples were obtained at differ-
ent date after onset of symptoms to detect the specific antibodies
to SARS-CoV-2. IgM and IgG were analyzed by chemiluminescent
immunoassay according to the manufacturer’s protocol (Shenzhen
Yahuilong Biotechnology Co., Ltd). All data (test dates and results of
IgM and IgG) were collected up to the final follow-up date (March
3rd, 2020).

Details of demographic characteristics and test dates and re-
sults of IgM and IgG were list in Table 1. Except for two patients
(2 days and 3 days after symptoms onset), all included patients
had IgM and IgG tests after 2 weeks from symptoms onset. We

Table 1

categorized patients by weeks according to the date of antibodies
test after symptoms onset. In week 3 after symptoms onset, all pa-
tients were tested positive for IgM and IgG, with the mean value of
322.80AU/ml and 112.40AU/ml (Reference:<10AU/ml) respectively.
In week 4, all the results were still positive for IgM and IgG. IgM
declined while IgG continued to go up, with the mean value of
147.92AU/ml and 157.01AU/ml respectively. In week 5, however, all
patients were positive for IgG, while 2 patients (16.7%) got neg-
ative results for IgM. IgM level kept going down to 78.03AU/ml
and IgG continued up to 163.56AU/ml. At the end of observation
(7 weeks), 2 patients (33.3%) got negative results for I[gM, while all
patients positive for IgG, with the mean value of 21.83AU/ml and
167.16AU/ml respectively. (Fig. 1)

Genomic studies have shown that SARS-CoV-2 shared around
80% identity sequencing with SARS-CoV, which caused a global
epidemic with 8096 confirmed cases worldwide in 2002-2003.”
Study of case series suggested the viral nucleic acid shedding pat-
tern of patients infected with SARS-CoV-2 is different from SARS-
CoV.? For SARS-CoV, studies revealed that IgM reached the high-
est point within 4 weeks and was not detectable on 3 months af-
ter onset of symptoms. IgG were persistently detectable up to 24
months.®

Our results suggested that the profile of specific antibodies
to SARS-CoV-2 is similar to SARS-CoV. Detectable and continuous
high level of IgM indicated the acute phase of infection. Further-
more, IgM last more than a month indicating the prolonged virus
replication in SARS-CoV-2 infected patients. IgG responded later
than IgM and persisted high in our study, indicating the humoral
immune reaction to protect the body against SARS-CoV-2 virus.

The detection and profile of specific antibodies to SARS-CoV-2
will provide valuable information for rapid screening of suspects,

Characteristics of demographic and specific antibodies in COVID-19 patients (N = 34).

Patients Age  Gender IgM AU/ml IgG AU/ml  Test days, after onset ~Week  Mean IgM AU/ml  SEM Mean IgG AU/ml  SEM
Patient1 82 Female  3.56 248 2 1 2.24 133 1.96 0.53
Patient2 87 Female 0.91 143 3

Patient3 59 Female 122.73 163.85 14 3 322.80 127.65 112.40 2143
Patient4 72 Male 924 1874 14

Patient5 32 Female 111.78 110.17 16

Patient6 63 Male 207.39 55.43 17

Patient7 69 Male 401.19 78.71 17

Patient8 64 Male 169.72 78.82 21

Patient9 65 Female  104.77 187.94 22 4 147.92 9450 157.01 12.40
Patient10 39 Male 16.63 152.88 23

Patient11 52 Male 89.31 179.18 23

Patient12 49 Male 41.55 128.75 24

Patient13 35 Male 62.5 103.89 27

Patient14 31 Male 11.26 193.83 28

Patient15 58 Female  709.39 152.57 28

Patient16 44 Male 36.57 190.85 30 5 78.03 33.55 163.56 15.95
Patient17 26 Female  14.37 27791 30

Patient18 57 Male 1.65 76.85 30

Patient19 45 Male 35.44 165.27 30

Patient20 62 Female 3.38 200.95 31

Patient21 65 Male 119.35 155.29 32

Patient22 83 Male 18.95 158.32 33

Patient23 43 Male 48.88 73.64 33

Patient24 53 Male 134.24 135.54 33

Patient25 33 Female 54.39 162.01 33

Patient26 64 Male 422.78 159.38 34

Patient27 60 Female  46.34 206.7 34

Patient28 73 Male 527 134.94 36 6- 21.83 5.72 167.16 12.24
Patient29 25 Female  15.11 179.23 36 7

Patient30 71 Male 36.11 184.56 37

Patient31 56 Female 34.07 121.08 37

Patient32 54 Male 42.28 216.96 38

Patient33 47 Male 11.2 176.73 38

Patient34 54 Male 8.75 156.59 49

Abbreviations: SEM, standard error of mean. *Reference of IgG and IgM are 10AU/ml.
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Fig. 1. Timeline of IgM and IgG Antibodies level to SARS-CoV-2 from the onset of symptoms.

assist diagnosis and evaluate the disease course. Furthermore, con-
centrated IgG antibody may be informative in vaccine development
and treatment for SARS-CoV-2.
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Community-acquired Group B streptococcal meningitis in @)
adults i

Dear Editor,

We were somewhat surprised that the recent review of
community-acquired Group B streptococcal meningitis in adults
by van Kassel et al.! contained no reference to recent work im-
plicating foodborne transmission, particularly from raw or under-
cooked fish, as an important mode of acquisition of this condition
in some parts of the world. The first evidence for this came from
a large outbreak of invasive Group B streptococcal (GBS) infec-
tion, primarily bacteraemia, septic arthritis and meningitis, in Sin-
gapore in 20152. Both epidemiological and molecular evidence sug-
gested that these infections, caused by GBS of serotype III, subtype
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4 (serotype IlI-4), multilocus sequence type (MLST) 283 (ST283),
were associated with the consumption of raw, farmed freshwater
fish.>* GBS are well-known primary pathogens in fish.” More re-
cently it has been shown that this lineage is actually widespread
amongst both human isolates of GBS in SE Asia and fish isolates
both from Asia and Brazil. GBS is now a not uncommon cause of
meningitis in adults in countries such as the Lao People’s Demo-
cratic Republic;® in addition, earlier reports had already noted an
increase in the incidence of adult GBS meningitis in both Hong
Kong and Singapore, including many cases subsequently confirmed
as being caused by ST283.78 It thus appears possible that an exten-
sive but previously unrecognised outbreak of invasive GBS disease
associated with the consumption of raw or undercooked farmed
fish, a common practice in some regions, may have been going on
for several decades.®

We feel that the failure to mention these observations, which
include 60 cases of adult meningitis and could fundamentally
change the way in which we view the epidemiology of adult
GBS disease, was an unfortunate omission in a review of adult
community-acquired GBS meningitis.

Yours sincerely
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Cerebrospinal fluid analysis from bilateral external m

Check for

ventricular drains in suspected nosocomial infection e
To the Editor,

We read with interest the recently published systematic re-
view on mass spectrometry-based proteomic techniques to iden-
tify cerebrospinal fluid biomarkers for diagnosing suspected central
nervous system infections.! We have investigated the variability of
CSF characteristics between drains in patients with bilateral exter-
nal ventricular drains (EVDs) resulting in challenges in diagnosing
an external ventricular catheter-associated infection (ECAI).

External ventricular cerebrospinal fluid (CSF) drains can be used
for the monitoring of intracranial pressure, the temporary diver-
sion of cerebrospinal fluid from an obstructed ventricular sys-
tem or as part of the treatment approach for infected internal
catheters.? Bilateral ventricular CSF drain insertion may be nec-
essary in those with substantial subarachnoid hemorrhage poten-
tially obstructing CSF flow in the foramen of Monro.># If infec-
tion is suspected in patients with an EVD, CSF is typically analyzed
for leukocyte count, glucose and total protein concentration, and
CSF cultures are performed.?> No guidance is provided for patients
with bilateral CSF drains on whether one or both drains should be
sampled.”> We performed a consecutive single-center prospective
observational cohort study on the diagnostic accuracy of CSF pa-
rameters for ECAL The objective of the current study was to ana-
lyze the variability of CSF characteristics between drains in patients
with bilateral EVDs.

Adult patients admitted to the Intensive Care Unit of the
Haaglanden Medical Center with an EVD were included. Exclusion
criteria were expected death <24 h and infection at presentation.
As part of standard care, CSF samples were obtained daily at the
proximal stopcock of a closed external drainage- and monitoring
system until the drain was removed. CSF was analyzed for leuko-
cyte count, glucose- and total protein concentration. CSF Gram
stain and culture were performed daily. Blood leukocyte and ery-
throcyte count were also collected when available. The study was
approved by the medical ethical committee.

Patients were diagnosed with ECAI based on the Infectious Dis-
eases Society of America (IDSA) guideline in which an infection
is defined as ‘single or multiple positive CSF cultures with CSF
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Table 1

Median values of the lowest and highest drains, median difference- and median fold difference between drains per parameter.

Parameter Median value lowest drain Median value highest drain Median difference (IQR) Median fold difference
(IQR) [range] (IQR) [range] [range] (IQR) [range]
Leukocyte count (x 106/L) 138 (26-451) 424 (69-1054) 123 (16-477) 1.9 (1.2-3.1)
[0-3080] [0-10,600] [0-10,570] [1-388]
Percentage polymorphonuclear cells 62% (46-75%) 75% (57-81%) 7% (2-16) 1.1 (1.0-1.3)
[0-1] [0-1] [0-73] [1-12]
Erythrocyte count (x 10%/L) 43,000 107,000 30,000 19
(10,000-132,000) (28,000-453,000) (7000-210,000) (1.2-3.8)
[0-678,000] [0-3050,000] [0-3038,000] [1-254]
Leukocyte count corrected for blood 56 (0-288) 180 (18-693) 77 (13-340) Not applicable
admixture per 1000 erythrocytes (x [-658-2525] [-161-7840] [0-7876]
105/L)
Cell index 0.67 (0.37-1.32) 1.0 (0.59-1.84) 0.28 (0.12-0.83) 1.5 (1.2-2.2)
[0-12.97] [0-16.13] [0-8.73] [1-8.5]
Glucose concentration (mmol/L) 3.8 (3.1-4.6) 4.4 (3.7-51) 0.4 (0.2-0.6) 11 (1.0-1.2)
[0.3-6.7] [2.6-7.2] [0-6.8] [1-23.7]
Protein concentration (g/L) 0.7 (0.4-1.3) 1.3 (0.6-2.1) 0.27 (0.08-0.89) 14 (1.2-2.0)
[0.1-23.5] [0.1-25.1] [0-23.8] [1-43]

pleocytosis and/or hypoglycorrhachia, or an increasing cell count,
and clinical symptoms suspicious for ventriculitis or meningitis."

We analyzed the difference in CSF-results between CSF sampled
simultaneously from both drains by using SPSS version 26. The me-
dian difference and median fold difference in leukocyte count, per-
centage polymorphonuclear cells, glucose- and total protein con-
centration between drains was calculated. Leukocyte count results
were also corrected for blood admixture by subtracting 1 leukocyte
per 1000 erythrocytes in CSF and by using the cell index.°

Between August 2014 and September 2017, nineteen patients
received bilateral EVDs for treatment of hydrocephalus due to in-
traventricular hemorrhage (n=13) and subarachnoid hemorrhage
(n=6). All patients had a relative bicaudate index >1. In two
patients, CSF was sampled from only one drain and therefore,
these patients were excluded from further analysis. The median
age of the seventeen included patients was 59 years (range 32-
85 years) and ten patients were female (59%). The median number
of drainage days was fourteen days (range 1-35 days). The median
days of bilateral drainage was nine days (range 1-31 days). Five
patients died during admission (29%).

From a total of 201 days of bilateral drainage, CSF characteristics
of both drains were available for 123 days (61%). During 114 mea-
surement days, the median (uncorrected for erythrocytes) leuko-
cyte count of the drain with the lowest and the highest values
were 138 x 108/L (range 0-3080 x 108/L) and 424 x 105/L (range
0-10,600 x 106/L) (Table 1). The median difference in leukocyte
count between drains was 123 x 108/L (range 0-10,570) and the
median fold-difference in uncorrected leukocyte count between
drains was 1.9 (interquartile range (IQR) 1.2-3.1; range 1-388). The
median fold-difference in uncorrected leukocyte counts between
drains was over five on 14 out of 114 days (13%) and over ten
on seven days (6%). The median difference in percentage uncor-
rected polymorphonuclear cells was 7% (IQR 2-16%; range 0-73%)
with a median fold-difference of 1.1 (IQR 1.0-1.3; range 1-12).
In absolute numbers, the median difference in erythrocyte count
was 30,000 x 105/L (IQR 7000-210,000; range 0-3038,000 x 106/L).
The median fold difference in the amount of blood admixture be-
tween drains was 1.9 (IQR 1.2-3.8; range 1-254). When the leuko-
cyte count was corrected for blood admixture, differences between
drain results persisted (Table 1).

The median difference in glucose concentration between drains
was 0.4mmol/L (range 0-6.8 mmol/L). The median fold difference
was 11 (IQR 1.0-12; range 1-23.7). The median difference in
total protein concentration between drains was 0.27g/L (range

0-23.8g/L). The median fold difference in total protein concentra-
tion was 1.4 (IQR 1.2-2.0; range 1-43).

Five patients developed ECAI (26%), of whom three developed
the infection during bilateral drainage (Table 2). In these three pa-
tients, ten culture results were positive. In one patient simultane-
ously taken samples from both drains resulted in a positive CSF
culture from one side and negative culture on the other. Gram
staining in the culture positive patients was positive in 3 of 10
samples (30%).

Our data show that in patients with suspected ECAI and bilat-
eral EVDs, CSF analysis and culture should be performed of both
drains to increase the chance of identifying an external catheter-
associated infection. CSF parameters between bilateral drains var-
ied considerably in individual patients and yields of culture is in-
creased by sampling both drains. CSF culture is considered the
most important test for diagnosing an infection. The sensitivity of
culture results for diagnosing ECAI is 80%.”

Bilateral drainage appears to increase the risk of infection with
an infection rate of 26% in our cohort. The patients with unilat-
eral EVDs in our cohort had an infection rate of 12% (10 out of 84
patients) which is more in line with the 10% commonly described
in literature.® Previous studies described infection rates of respec-
tively 39% (22 out of 57 patients) and 14% (2 out of 14 patients) in
patients with bilateral drains.*°

Our study has several limitations. First, CSF results were not
available or not sampled from both sides for 39% of bilateral
drainage days. Second, about 20% of all data on bilateral drain
sampling were derived from one single patient with normal CSF
skewing the data towards normal. Third, during this study daily
sampling of CSF was performed to find early markers of infection.
Routine CSF testing has been described to increase the risk of
ECAL®

Declaration of Competing Interest

The authors report no conflict of interest concerning the mate-
rials or methods used in this study or the findings specified in this
paper.

Study funding
This study was funded by a grant from the Research Fund

of Haaglanden Medical Center 2014. Kirsten Dorresteijn is sup-
ported by a grant from the Jacobus Foundation. Matthijs Brouwer



178 Letter to the Editor/Journal of Infection 81 (2020) 147-178

Table 2

Culture results, CSF leukocyte count, erythrocyte count and CSF glucose concentration in bilateral drains in patients with an external catheter-associated infection.

Pt. Day Culture result CSF leukocyte count (x106/L)  Erythrocyte count (x106/L)  CSF glucose conc. (mmol/L)
Drain 1 Drain 2 Drain 1 Drain 2 Drain 1 Drain 2 Drain 1 Drain 2
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16 S. epidermidis S. epidermidis 0 144.000 174.000 5.6 5.6
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