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IMPORTANCE Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) emerged in
Wuhan, China, in December 2019 and has spread globally with sustained human-to-human
transmission outside China.

OBJECTIVE To report the initial experience in Singapore with the epidemiologic investigation
of this outbreak, clinical features, and management.

DESIGN, SETTING, AND PARTICIPANTS Descriptive case series of the first 18 patients diagnosed
with polymerase chain reaction (PCR)–confirmed SARS-CoV-2 infection at 4 hospitals in
Singapore from January 23 to February 3, 2020; final follow-up date was February 25, 2020.

EXPOSURES Confirmed SARS-CoV-2 infection.

MAIN OUTCOMES AND MEASURES Clinical, laboratory, and radiologic data were collected,
including PCR cycle threshold values from nasopharyngeal swabs and viral shedding in blood,
urine, and stool. Clinical course was summarized, including requirement for supplemental
oxygen and intensive care and use of empirical treatment with lopinavir-ritonavir.

RESULTS Among the 18 hospitalized patients with PCR-confirmed SARS-CoV-2 infection
(median age, 47 years; 9 [50%] women), clinical presentation was an upper respiratory tract
infection in 12 (67%), and viral shedding from the nasopharynx was prolonged for 7 days or
longer among 15 (83%). Six individuals (33%) required supplemental oxygen; of these,
2 required intensive care. There were no deaths. Virus was detectable in the stool
(4/8 [50%]) and blood (1/12 [8%]) by PCR but not in urine. Five individuals requiring
supplemental oxygen were treated with lopinavir-ritonavir. For 3 of the 5 patients, fever
resolved and supplemental oxygen requirement was reduced within 3 days, whereas 2
deteriorated with progressive respiratory failure. Four of the 5 patients treated with
lopinavir-ritonavir developed nausea, vomiting, and/or diarrhea, and 3 developed abnormal
liver function test results.

CONCLUSIONS AND RELEVANCE Among the first 18 patients diagnosed with SARS-CoV-2
infection in Singapore, clinical presentation was frequently a mild respiratory tract infection.
Some patients required supplemental oxygen and had variable clinical outcomes following
treatment with an antiretroviral agent.
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T he third novel coronavirus in 17 years emerged in
Wuhan, China, in December 2019.1 Phylogenetics has
indicated that severe acute respiratory syndrome coro-

navirus 2 (SARS-CoV-2) is closely related to bat-derived SARS-
like coronaviruses.2 Early reports from Wuhan described the
associated coronavirus disease 2019 (COVID-19) as a SARS-
like atypical pneumonia in which 26% to 33% of patients re-
quired intensive care and 4% to 15% died.1,3,4 A large case se-
ries of 72 314 infected individuals has since refined these initial
estimates in China to severe disease in 14% and a case-fatality
rate of 2.3%.5

On January 23, 2020, the first imported SARS-CoV-2 infec-
tion in Singapore was detected in a visitor from Wuhan. Sub-
sequently, COVID-19 has been diagnosed among other visitors
and returning travelers, and from limited local transmission.6

While a proven effective antiviral treatment in COVID-19 is
not available, the antiretroviral drug lopinavir-ritonavir has been
proposed, as its potential effectiveness in the treatment of SARS
was suggested in 2 case series.7,8 In Middle East respiratory syn-
drome, lopinavir-ritonavir also showed potential activity in
marmosets,9 but in a mouse model it did not reduce virus titer
or lung pathology, although it improved lung function.10

This case series describes the epidemiologic features, clini-
cal presentation, treatment, and outcomes of the first 18 pa-
tients in Singapore with confirmed COVID-19.

Methods
Outbreak Response
On January 2, 2020, after first reports of an outbreak of atypi-
cal pneumonia in Wuhan, China, the Singapore Ministry of
Health issued a health alert that patients with pneumonia and
recent travel to Hubei Province should be screened for SARS-
CoV-2 infection. All individuals with suspected SARS-CoV-2 in-
fection were isolated with airborne and contact precautions,
and attending staff wore personal protective equipment in ac-
cordance with the US Centers for Disease Control and Preven-
tion guidelines.11 Extensive contact tracing followed by quar-
antine of asymptomatic contacts and hospital isolation and
screening of symptomatic contacts was strictly enforced.

Data and Specimen Collection
Individuals confirmed to have COVID-19 by SARS-CoV-2
real-time reverse transcriptase–polymerase chain reaction
(RT-PCR) were eligible for inclusion in this study (eMethods
in the Supplement). Data were collected at the 4 hospitals that
provided care for these patients.

Waiver of informed consent for collection of clinical data
from infected individuals was granted by the Ministry of
Health, Singapore, under the Infectious Diseases Act as part
of the COVID-19 outbreak investigation. Written informed
consent was obtained from study participants for collection
of biological samples after review and approval of the study
protocol by the institutional ethics committee.

Data from electronic health records were summarized
using a standardized data collection form. Two researchers in-
dependently reviewed the data collection forms for accuracy.

Specimens (blood, stool, and urine samples; nasopha-
ryngeal swabs) were collected at multiple time points in the
first 2 weeks following study enrollment and tested by
RT-PCR for the presence of SARS-CoV-2. RT-PCR cycle
threshold values were collected. The cycle threshold value
correlates with the number of copies of the virus in a bio-
logical sample, in an inversely proportional and exponential
manner. Sequencing of PCR products of the RNA-dependent
RNA polymerase (RdRp) gene were used to construct phylo-
genetic trees (eMethods in the Supplement).

Clinical Management
As part of standard of care, complete blood cell count, tests
of kidney and liver function, and measurement of C-reactive
protein and lactate dehydrogenase levels were performed.
Respiratory samples were tested for influenza and other
respiratory viruses with a multiplex PCR assay.

All patients received supportive therapy, including
supplemental oxygen when saturations as measured by pulse
oximeter dropped below 92%. Patients clinically suspected of
having community-acquired pneumonia were administered
empirical broad-spectrum antibiotics and oral oseltamivir.
Coformulated lopinavir-ritonavir (200 mg/100 mg twice
daily orally for up to 14 days) was prescribed to selected
patients at the treating physicians’ discretion after shared
decision-making and provision of oral informed consent.
Corticosteroids were avoided, reflecting increased mortality
with their use in severe influenza.12

Respiratory samples were sent daily for SARS-CoV-2
PCR on clinical recovery. Deisolation was contingent on at
least 2 consecutive negative PCR assay results more than
24 hours apart.

Results
Epidemiologic Features
Between January 23 and February 3, 2020, 18 patients in-
fected with SARS-CoV-2 were diagnosed in Singapore, with
symptom onset from January 14 to January 30, 2020. All pa-
tients reported travel to Wuhan, China, in the 14 days prior to

Key Points
Question What was the initial experience in Singapore with the
outbreak of severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2)?

Findings In this descriptive case series of the first 18 patients
diagnosed with SARS-CoV-2 infection in Singapore between
January 23 and February 3, 2020, clinical presentation was a
respiratory tract infection with prolonged viral shedding from the
nasopharynx of 7 days or longer in 15 patients (83%).
Supplemental oxygen was required in 6 patients (33%), 5 of whom
were treated with lopinavir-ritonavir, with variable clinical
outcomes following treatment.

Meaning These findings provide clinical features and course
among patients diagnosed with SARS-CoV-2 infection in
Singapore.

Research Original Investigation Epidemiologic Features and Clinical Course of Patients Infected With SARS-CoV-2 in Singapore

E2 JAMA Published online March 3, 2020 (Reprinted) jama.com

© 2020 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 03/17/2020

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2020.3204?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2020.3204
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2020.3204?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2020.3204
http://www.jama.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2020.3204


illness onset (eTable 1 in the Supplement). Four patients (22%)
were identified through contact tracing, while 3 (17%) were
identified through border screening. Of the 18 patients, 16 (89%)
were Chinese nationals, while 2 (11%) were Singapore resi-
dents. There were 5 clusters comprising family, traveling com-
panions, or other close contacts (eFigure 1 in the Supple-
ment). Contact tracing of the 18 patients identified a total of
264 close contacts in Singapore (eFigure 2 in the Supple-
ment). As of February 25, 2020, no infections had been de-
tected among health care workers involved in the care of pa-
tients with COVID-19.

Clinical Features
Clinical features are summarized in the Table. Fever (13
[72%]), cough (15 [83%]), and sore throat (11 [61%]) were com-
mon symptoms. Rhinorrhea was infrequent (1 [6%]), while 6
patients (33%) had an abnormal chest radiograph finding or
lung crepitations. No patients presented with a severe acute
respiratory distress syndrome, and only 1 required immedi-
ate supplemental oxygen. Lymphopenia (<1.1 ×109/L) was

present in 7 of 16 patients (39%) and an elevated C-reactive
protein level (>20 mg/L) in 6 of 16 (38%), while kidney func-
tion remained normal.

The clinical course was uncomplicated for 12 patients
(67%), but 6 patients (33%) desaturated and required supple-
mental oxygen (Figure 1). Chest radiographs showed no
pulmonary opacities at presentation in 12 patients (67%)
and remained clear throughout the acute illness in 9 (50%).
Three patients with initially normal chest radiograph find-
ings developed bilateral diffuse airspace opacities; of these,
2 had been persistently febrile for more than 1 week. Two
individuals (11%) required admission to the intensive care
unit because of increasing supplemental oxygen require-
ments, and 1 (6%) required mechanical ventilation. No con-
comitant bacterial or viral infections were detected, and
there were no deaths as of February 25, 2020.

Clinical Outcomes
Of the 6 patients who required supplemental oxygen, 5 re-
ceived lopinavir-ritonavir (Figure 2). For 3 of 5 patients (60%),

Table. Clinical Features of Patients Infected With SARS-CoV-2

All patients
(N = 18)

Did not require
supplemental O2
(n = 12)

Required
supplemental O2
(n = 6)

Demographics

Age, median (range) y 47 (31-73) 37 (31-56) 56 (47-73)

Male sex, No. (%) 9 (50) 7 (58) 2 (33)

Any comorbidity, No. (%)a 5 (28) 1 (8) 4 (67)

Signs and symptoms
on presentation, No. (%)

Fever 13 (72) 7 (58) 6 (100)

Cough 15 (83) 10 (83) 5 (83)

Shortness of breath 2 (11) 1 (8) 1 (17)

Rhinorrhea 1 (6) 1 (8) 0

Sore throat 11 (61) 8 (67) 3 (50)

Diarrhea 3 (17) 3 (25) 0

Vital signs at presentation,
median (range)

Temperature, °C 37.7 (36.1-39.6) 38.3 (36.6-39.6) 37.7 (36.1-38.1)

Respiratory rate, breaths/min 18 (16-21) 18 (17-19) 20 (16-21)

Pulse oximeter O2 saturation, % 98 (95-100) 98 (95-100) 97 (95-98)

Systolic blood pressure, mm Hg 131 (103-167) 131 (104-167) 136 (103-141)

Heart rate, /min 97 (75-118) 99 (75-118) 91 (78-102)

Baseline investigations,
median (range)

WBCs, ×109/L 4.6 (1.7-6.3) 4.6 (1.7-6.3) 3.4 (2.6-5.8)

Hemoglobin, g/dL 13.5 (11.7-17.2) 13.9 (11.7-17.2) 13.2 (11.7-14)

Platelets, ×109/L 159 (116-217) 159 (128-213) 156 (116-217)

Neutrophils, ×109/L 2.7 (0.7-4.5) 2.8 (0.7-4.5) 1.8 (1.2-3.7)

Lymphocytes, ×109/L 1.2 (0.8-1.7) 1.2 (0.8-1.6) 1.1 (0.8-1.7)

C-reactive protein, mg/L (n = 16) 16.3 (0.9-97.5) 11.1 (0.9-19.1) 65.6 (47.5-97.5)

LDH, U/L (n = 13) 512 (285-796) 424 (285-748) 550 (512-796)

Abnormal chest radiograph,
No. (%)

6 (33) 3 (25) 3 (50)

Duration of symptoms,
median (range)

Fever, d 4 (0-15) 1 (0-7) 5 (4-15)

Any symptoms, d 13 (5-24) 12 (5-24) 16 (10-20)

Abbreviations: LDH, lactate
dehydrogenase; SARS-CoV-2, severe
acute respiratory syndrome
coronavirus 2; WBC, white blood cell.

SI conversion factor: To convert LDH
values to μkat/L, multiply by 0.0167.
a Group not requiring supplemental

oxygen: hypertension, diabetes.
Group requiring supplemental
oxygen: hypertension (n = 4),
type 2 diabetes (n = 1),
hyperlipidemia (n = 1).
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initiation of lopinavir-ritonavir was followed by a reduction in
supplemental oxygen requirements within 3 days, and viral
shedding in nasopharyngeal swabs cleared within 2 days of
treatment for 2 of 5 (40%).

Two patients, however, deteriorated and experienced
progressive respiratory failure while receiving lopinavir-
ritonavir, with 1 requiring invasive mechanical ventilation.
Virus continued to be detected by nasopharyngeal swab or
endotracheal tube aspirate for these 2 patients for the dura-
tion of their admission to intensive care.

Four of the 5 patients treated with lopinavir-ritonavir de-
veloped nausea, vomiting, and/or diarrhea, and 3 developed
abnormal liver function test results. Only 1 individual com-
pleted the planned 14-day treatment course as a result of these
adverse events.

Virologic Features
Median duration of viral shedding from first to last positive
nasopharyngeal swab collected as part of clinical care was
12 days (range, 1-24), and 15 patients (83%) had viral shed-
ding from the nasopharynx detected for 7 days or longer.
Daily serial RT-PCR cycle threshold values for all 18 patients
are shown in eFigure 3 in the Supplement. The time course
of serial cycle threshold values by day of illness for 12
patients not receiving supplemental oxygen and 6 patients
receiving supplemental oxygen (of whom 5 were treated
with lopinavir-ritonavir) appeared similar (eFigure 4 in the
Supplement).

Virus was detected by PCR in stool (4/8 patients [50%])
and in whole blood (1/12 [8%]); virus was not detected in
urine (0/10 samples) (eTable 2 in the Supplement). Viral

Figure 1. Time Course of Symptoms, Supplemental Oxygen Requirements, Hospital Admission, and Discharge of Patients Infected
With SARS-CoV-2
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culture results were not available at the time of writing to
determine the viability of virus detected outside the respira-
tory tract.

Sequences for phylogenetic analysis were available for 6
viruses (eFigure 5 in the Supplement). All clustered together
with other SARS-CoV-2 sequences reported from China and
other countries and are available in public databases.

Discussion
This descriptive case series reports the clinical features of the
first 18 patients with laboratory-confirmed SARS-CoV-2 infec-

tion in Singapore, reporting epidemiologic features and clini-
cal course in detail.

Perhaps reflecting the intensive efforts at contact trac-
ing, 28% of patients were without fever vs 1.4% to 17% in 3
previously reported studies from Wuhan, China.1,4,13 In the
current study, 6 of 18 patients (33%) experienced oxygen
desaturation to 92% or less, in contrast to the 76% to 90%
supplemental oxygen use from the other 3 studies.1,4,13

In 4 of 8 patients, virus was detected in stool, regardless
of diarrhea, over 1 to 7 days. Viremia was detected in 6 pa-
tients1 and 1 of 5 patients14 in China but only in 1 of 12 in
this study. In the family cluster in Shenzhen, the virus was not
detected in urine or stool.14 In SARS, viremia was observed

Figure 2. Clinical Progress in Patients Treated With Lopinavir-Ritonavir
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SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; Y, yes;
Vt, mechanical ventilation.
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in the first week, with peak respiratory viral shedding in the
second week and persistent stool viral shedding beyond
the second week.15 In Middle East respiratory syndrome, viral
shedding was greater in lower respiratory tract samples than
in blood and stool.16 Viral load in nasopharyngeal samples and
viremia was associated with disease severity in SARS.17

In this study, viral load in nasopharyngeal samples from
patients with COVID-19 peaked within the first few days after
symptom onset before declining. The duration of viral shed-
ding from nasopharyngeal aspirates was prolonged up to at
least 24 days after symptom onset. This was longer than re-
ported from a comparable series from China.18 Toward the end
of this period virus was only intermittently detected from na-
sopharyngeal swabs. It is unclear whether this is attributable
to biological differences in the intensity of shedding or to sam-
pling variability when low amounts of virus are present. De-
termining whether the virus remains transmissible through-
out the period of detectability is critical to control efforts.

Five patients were treated with lopinavir-ritonavir within
1 to 3 days of desaturation, but evidence of clinical benefit was
equivocal. While defervescence occurred within 1 to 3 days of
lopinavir-ritonavir initiation, it was unable to prevent pro-
gressive disease in 2 patients. Decline in viral load as indi-
cated by the cycle threshold value from nasopharyngeal swabs
also appeared similar between those treated and not treated
with lopinavir-ritonavir. The effectiveness of lopinavir-
ritonavir treatment in COVID-19 needs to be examined in an

outbreak randomized trial, given a lack of clear signal in this
small case series.

Limitations
This study has several limitations. First, it was a case series
of 18 patients who acquired their infection following travel
to Wuhan, China. Findings from this study are valuable
early data from a high-resource setting but may change as
this outbreak continues to evolve and local transmission
clusters emerge. Second, 9 individuals (50%) presented to
the hospital more than 2 days after symptom onset. As a
result, sample collection early during the course of illness
was limited. Third, biological samples were collected sys-
tematically when possible, but not all patients consented to
sample collection. Baseline laboratory data were also not
available for all patients. Fourth, cycle threshold values are
a quantitative measure of viral load, but correlation with
clinical progress and transmissibility is not yet known.

Conclusions
Among the first 18 patients diagnosed with SARS-CoV-2 infec-
tion in Singapore, clinical presentation was frequently a mild
respiratory tract infection. Some patients required supple-
mental oxygen and had variable clinical outcomes following
treatment with an antiretroviral agent.
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