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Abstract
We describe events leading to and actions taken to address a newly diagnosed COVID-19 case, admitted 
as dengue on the general ward. A risk Stratification strategy of patients into high, medium and low risk was 
considered for the isolation and COVID-19 swabbing strategies.  Additional measures for cleaning and ward 
lockdown were also employed.  There were a total of 191 exposures; 68 staff, 39 inpatients and the rest were 
community contacts. There was no transmission of COVID-19 in the 14 days following exposure, suggesting 
that a universal surgical mask and hand hygiene strategy in place at that time was sufficient in preventing 
transmission. The built environment of adequate bed-space and natural ventilation were other important 
considerations.

Introduction
We describe events leading to and actions taken 
to address a newly diagnosed COVID-19 case, 
admitted as dengue in an open, multi-bedded 
general ward.

Background
In December 2019, several cases of pneumonia of 
unknown aetiology had been reported in Wuhan, 
Hubei province, China.1 On the 7th January 2020, the 
Chinese Centre for Disease Control and Prevention, 
confirmed the discovery of a novel coronavirus. In 
Singapore, The Ministry of Health (MOH) alerted all 
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contact. (Table I) These are continually reviewed and 
updated to correlate with the alert level prevailing 
at the time, which, according to Diseases Outbreak 
Response System Condition (DORSCON), has been 
at orange since the 7th Feb 2020. DORSCON consists 
of 4 colour coded stages, from green indicating mild, 
yellow, orange and red, where the disease is severe 
and spreading widely.12 

Index case
A 57-year-old female patient with fever from 9 Feb, 
associated with body aches, mild non-productive 
cough for 3 days, giddiness and diarrhoea of up to 5 
episodes of 2 days’ duration, was seen in our Emergency 
Department (ED) on the 13 February 2020.  As she 
had no recent travel, no sick contacts, and no known 
contact with positive cases of COVID-19, a diagnosis 
of dengue was made. This was supported by dengue 
serological tests which were IgM positive, NS1 antigen 
and IgG negative (SD bioline), and thrombocytopaenia. 
She was treated symptomatically and discharged 
home from the ED. Two days later, on 15 February 
2020, she returned to ED with persistent fever and 
due to worsening thrombocytopaenia, this time, was 
admitted to the general ward. In view of persistence 
of fever and development of new onset shortness of 
breath 3 days later, a workup for respiratory viruses 
as well as COVID-19 was done. The test for COVID-19 
returned positive on 18/02/2020 at 21.44 hrs. Details 
of this case are published elsewhere.13 

Methods
Our hospital, built in 2015, is a 700 bedded acute 
care hospital (AH) that is attached to a community 
hospital (CH) of 400 beds. There are 3 towers in our 
set up. Tower A houses our administrative offices 
and outpatient clinics. Tower B is occupied by our 
inpatient wards, including ICU, ED, the operating 
theatre complex and endoscopy. Tower C houses our 
CH wards.

The ward involved was in our AH, and is a 38 bedded 
ward. It has 6 cubicles of 6 beds each and 2 negative 
pressured single isolation rooms with anterooms 
as per CDC AIIR specifications. Beds are by design 
separated by at least 2 meters between patients, with 
a staggered arrangement so that each patient’s head 

medical practitioners on 2nd of January 2020 to this 
cluster. It has now become clear that this pathogen, 
officially named COVID-19 by WHO on 11 Feb 2020, 
has higher transmissibility than SARS, but lower 
mortality.2,3 There is also evidence of human to human 
transmission among close contacts as well as to health 
care workers.4,5 

COVID-19 and dengue infection have many 
similar clinical characteristics including fever and 
myalgia, as well as haematological features such 
as thrombocytopenia, leukopenia and occasionally 
transaminitis.5 Singapore has been experiencing a 
dengue outbreak over the last 2 years with multiple 
“hotspots” often occurring throughout the island, one 
of which was the area our hospital is located in at the 
time of writing this report.6 

In a prospective study of adult admissions to an 
infectious diseases hospital in Singapore, 381 patients 
were studied and 148 had serologically confirmed 
dengue fever. The frequency of presenting clinical 
features inpatients with dengue fever were similar 
to that reported in other series of adults. Cough was 
present in 26%, diarrhea in 10% of dengue patients.6  
Evaluation of serologically proven dengue cases have 
shown that cough was reported as a symptom in a 
26% of cases in a study of 906 patients in Thailand,7 
and 37.6% in a study done in Taiwan.8  

In a study done in Singapore comparing 117 patients 
with Chikungunya and 917 dengue RT-PCR positive 
dengue adult patients, 20% of all dengue patients 
had cough and sore throat, over 20% of all dengue 
patients had diarrhea, which was statistically more 
than Chikungunya patients.9 In a study conducted in 
Tan Tock Seng Hospital, 1971 lab confirmed dengue 
cases were evaluated. 12% of all dengue patients had 
cough, while 22% had diarrhea.10, 11 Of note, 3.7% of 
1099 patients with laboratory confirmed COVID 
were reported to have diarrhea.5 

In Singapore, all COVID-19 suspect or confirmed cases 
are admitted to hospital, and isolated in an attempt 
to contain the spread of this pathogen. Personal 
Protective Equipment (PPE) is worn in all patient care 
areas and risk stratified by location and type of patient 
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is not in line with the previous bed.  Each patient has 
their own window with ample natural ventilation. 
Each 6 bedded cubicle also has a dedicated shower 
and toilet facility as does each isolation room.

Laboratory methods
Nasopharyngeal swabs were collected tested by RT-
PCR for the presence of SARS-CoV-2 and described 
elsewhere. Our laboratory performs two different 
assays to maximise utilisation of resources and reduce 
turn-around time. One assay detects both ORF1ab 
and N genes. This assay performed on LightCycler 
2.0 system (Roche Life Science) was developed and 
validated by National Public Health Laboratory in 
Singapore (NPHL) and is described in more detail 
elsewhere (14,15). The second assay was developed 
by Agency for Science, Technology and Research 
in Singapore (A* Star Fortitude Kit 2.0, Singapore). 
It is performed on CFX96 Dx system (Bio-Rad) and 
detects a single target region. Viral nucleic acid from 
nasopharyngeal swabs were extracted using EZ1 
virus minikit v2.0 (Qiagen) as per manufacturer’s 
instruction followed by RT-PCR assays performed as 
per NPHL/manufacturer’s recommendations.

We were informed by our microbiology colleagues 
that the index patient had a weakly positive COVID-19 
PCR result at 1800 hours on 18 February 2020 which 
was repeated and confirmed later that evening 
at 2144 hrs. We activated our Infection Control 
Response Team (ICRT) through our hospital switch 
board at 1850 hours to transfer the patient to the 
isolation ward. This team is made up of the Infection 
Control Chairperson, Infection Control nurses, 
Nurse leaders, Chief Operating Officer, Emergency 
Preparedness Committee secretariat, Security 
Personnel, Environmental Services (ES), Portering 
and Bed management. Using this platform, we are 
able to co-ordinate moving patients anywhere in our 
hospital to either the isolation ward or if needed, 
our dedicated pandemic area in ICU. This includes 
setting our dedicated “pandemic” lift to bypass mode 
as well as a follow through of the dedicated pandemic 
transfer route by our ES services for decontamination 
after a transfer has been affected. 

Contact tracing for patients and intervention
A case was defined as any patient who stayed in the 
same ward with the index patient during the duration 
of the index patient’s admission prior to transfer to 
the isolation ward. The duration spanned 4 calendar 
days from 15th Feb 2020 to the 18th Feb 2020. We 
expanded the case definition to include contacts of 
the index patient in the ED on the dates that she had 
presented for evaluation; 13 February 2020 and 15th 
February 2020. 

We used a risk stratification based on the likelihood of 
an outbreak occurring on the ward and the resultant 
consequences that could arise. We deemed this 
event to be of medium to high risk. However, due 
to the design of our hospital and the lay-out of our 
wards (Figures 1 and 2; schematic of ward layout and 
actual ward design respectively), we further stratified 
patient exposure to high, moderate or low risk. Our 
index had been admitted to bed 36 (Figure 3).

High risk patients were defined as those who had 
stayed in the same cubicle as the index case, i.e. beds 
33-38.

Moderate risk patients were those that had stayed in 
other cubicles but had features of Acute Respiratory 
Infection (ARI) e.g. fever, cough, runny nose or sore 
throat at any point in time.

Low risk patients were those patients that stayed in 
other cubicles and who had no ARI symptoms.

Additionally, CCTV footage of the cubicle revealed 
that the index case had not left her cubicle for the 
entire duration of her admission on the general ward 
except to go to the radiology department for a chest 
x-ray when she complained of shortness of breath on 
the 18th Feb 2020. CCTV in the lift and at radiology 
department showed that the patient wore a surgical 
mask throughout her trip and had less than 5 minutes’ 
contact with other patients or staff.
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Interventions
High risk patients in the same cubicle as the index were 
deemed to be of highest risk of acquiring COVID-19 
illness. There were five high risk contact patients (bed 
33, 34, 35, 37, 38) who were immediately transferred 
to single negative pressure rooms with anterooms 
in our Pandemic Ward facility, located in the same 
building on level 5. There were 2 other inflight 
patients identified on contact tracing who had been 
transferred to our CH on the 17th Feb 2020 and 18th 
Feb 2020 respectively before results of the index 
were known. These patients were also isolated in the 
CH negative pressure single rooms with anterooms. 
All patients were swabbed twice for COVID-19 at 
least 24 hours apart.

To determine moderate risk patients, clinicians on 
the ward were asked to assess their patients for any 
symptoms of fever, cough, sore throat, rhinorrhea or 
shortness of breath. There were 11 patients identified. 
These patients were deemed moderate risk and were 
swabbed twice for COVID-19 on 2 separate days. 
This was also done as a precautionary measure as 
the index case had no known contact for COVID-19, 
and so, we hoped to exclude possible transmission 

from any other patient on the ward. It also served as 
a baseline should further symptoms develop requiring 
further swabs.

We were informed on 19th Feb 2020 by our 
epidemiology colleagues upon completion of the 
contact tracing, that there were a further 10 patients 
currently admitted to our facility who had possible 
contact with our index case when she presented to our 
Emergency Department on the 13th Feb 2020 and 15th 
Feb 2020. As we could not specifically pinpoint their 
locations relative to the index case we deemed them 
to be moderate risk, even though the contact time 
would have been short and the fever unit in our ED, 
where they were waiting for admission, is a negative 
pressured facility. These patients were also swabbed 
for COVID-19 24 hours apart.

Based on the design and layout of our ward, and 
bearing in mind the droplet mode of transmission 
of the pathogen, we deemed that the remaining 
21 patients in other cubicles were at low risk for 
transmission and opted to observe them. Patients 
were only swabbed for COVID-19 if they developed 
fever or ARI symptoms in the 14 days after exposure.

Figure 1. Schematic layout of the general ward
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Figure 3. The Index patient admitted to bed 36. The next bed shows the staggered arrangement.

Figure 2. Actual ward design with bed numbers shown.
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Ward Lock down
The ward was locked down in the early hours of 19th 
February 2020. No new admissions or discharges were 
allowed until we completed contact tracing. Visitor 
registration, and hence visitation was suspended 
for 24 hours, and only recommenced when the first 
COVID-19 swabs for the moderate risk patients were 
tested and were negative. Only 1 visitor per patient 
was allowed at any one time except in cases where 
patients were imminently about to demise, where 
on a case by case basis, more visitors were allowed. 
Once contact tracing was complete and once the first 
COVID-19 swabs for moderate risk patients returned 
negative, planned discharges to home were allowed.

PPE use
In addition to Standard Precautions, all HCW who 
worked on the general ward wore surgical masks at 
all times as per our PPE protocol according to our 
DORSCON level. Hand hygiene was meticulously 
reinforced since the start of the outbreak, which for 
Singapore was on the 24th January 2020 when our 
DORSCON level was raised from green to yellow. 
This continued on the ward throughout the lockdown 
period.

High risk patients who had been moved out of 
the lockdown ward to our isolation facilities were 
transferred in full transmission precautions. Full 
transmission precautions were also used to nurse them 
in our isolation facilities. Full transmission precautions 
consisted of N95 respirator, Eye protection whether 
via goggles or visor, AAMI level 4 gown and gloves.

Cleaning and Disinfection
On 18th Feb 2020 terminal cleaning using sodium 
hypochlorite 5000ppm was carried out to cubicle 
33-38 including toilet. On 19th Feb 2020 terminal 
cleaning for the whole ward and steppe- up cleaning 
was instructed to Environmental Services, which 
included sodium hypochlorite 1000 ppm for general 
cleaning and Sodium hypochlorite 5000 ppm for 
discharge cleaning.16 Cleaning of the whole ward 
twice per day particularly high touch surfaces 
was instituted. Room disinfection (cubicle 33-38) 
including toilets and shower room using adjunctive 
ultraviolet light disinfection system (pulsed Xenon 

UV) was also performed the next day as per protocol 
and subsequently extended to the whole ward as it 
emptied out over the next few days.17

Stepped-up cleaning to sodium hypochlorite as 
outlined above was also done at the CH where the 
further 2 high risk patients had been transferred to.

Audits
An infection control audit tool had been developed 
for use of auditing wards since we were put on yellow 
alert on 24 January 2020 (Supplementary 1) Infection 
Control audits were stepped up in the wards to 2 per 
week.

Results
All of the high risk patients had been swabbed multiple 
times and all swabs were negative for COVID-19. 
Additionally, all of these patients had been served 
with a quarantine order, which is a regulatory order 
governed by the Infectious Diseases Act. They were 
nursed in single rooms throughout their stay until 
discharge. At the time of writing this report, all had 
been discharged and none had presented to any other 
health facility during the 14 day incubation period.

Of the moderate risk patients, all swabs were 
also negative. Out of the 11 patients, 9 had been 
discharged home, 1 to nursing home, and 1 expected 
death. Tracking up to day 14 of exposure, via the 
National Electronic Health Records (NEHR), showed 
that none of these patients had presented to our own 
or any other healthcare facility for further medical 
treatment.

Of the low risk patients, 13 were discharged home, 2 to 
nursing home, 3 to the CH, and there were 3 expected 
deaths. Of these 21 patients, 2 had undergone 
COVID-19 testing due to new onset of fever, and 2 as 
a precautionary measure prior to transfer to the CH. 
All were negative. Tracking up to day 14 of exposure 
on NEHR, showed that one of these patients had 
presented to another healthcare facility for medical 
treatment that was non-infectious in nature. The 
details of the day these patients were swabbed as 
well as lengths of stay and discharge disposition are 
detailed in Table II.
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Of the 10 patients who were also swabbed due to 
exposure in the ED with the index patient, none were 
positive for COVID-19. At the time of writing this 
report, one remained an inpatient, ED9, and ED 5 had 
represented to our facility for drainage of ascites, 
repeat COVID-19 at that time was also negative. All 
other patients via NEHR had not presented to any 
other facility for healthcare. Details in Table III below.

The ward was opened to admission after 14 days and 
after another round of terminal cleaning was carried 
out. As a precautionary measure, environmental swabs 
around bed 36; call bell, blinds, bedrails, bedside table 
and the toilet seat in that cubicle were all swabbed 
and were negative for COVID-19 after a recent 
publication highlighting significant environmental 
contamination with COVID-19.18 

Contact tracing for staff
Extensive contact tracing was carried out. There 
were a total of 191 contacts identified of which 68 
were staff, 7 inpatients and previously discussed, 77 
contacts from the ED, of which 10 were admitted 
and previously discussed, and 39 visitors. Visitors 
and patients in the community were traced and risk 
stratified by the Ministry of Health, Communicable 
Diseases branch.

For our staff exposed, based on a risk stratification of 
PPE used (all wore surgical mask), the distance from 
the patient and the interaction time with the patient, 
6 staff received a quarantine orders. There were 2 
doctors, who were the treatment team who made the 
diagnosis and 4 were nurses. One of these 6, reported 
being unwell and tested negative for COVID-19. All 
subsequently returned to work at the end of 14 days 
uneventfully. Thirty-nine staff were put on phone 
surveillance and allowed to return to work. They were 
called daily by our epidemiology team to ascertain if 
they were well. Eleven had reported symptoms of ARI, 
of which 8 had sought healthcare, both within our 
own institution and from other facilities. They were 
swabbed for COVID-19 and all found to be negative. 

Staff who had worked on this ward continued to do so, 
however, they were not deployed to other areas of the 
hospital during the 14-day ward lockdown period.

Discussion
Despite the estimated basic reproductive number (R

0
) 

for COVID-19 being reported as between 2.1-6.5,19 
and although there had been a prolonged exposure on 
the wards for 4 days, the strategy of surgical mask and 
meticulous hand hygiene for all patient interactions 
seems to have prevented transmission. Out of a total 
of 80 swabs performed on patients, and 18 performed 
on staff, none were positive. 

Additionally, we think that our design of staggered 
bed layout, bed distance of more than 2 metres and 
natural ventilation helped to mitigate the risk of 
spread of this pathogen to other patients in the same 
cubicle.20,21 

The use of CCTV as an aid for contact tracing was also 
something that we had never done before and proved 
useful in narrowing down the numbers of contacts 
that we would have needed to track. 

The estimated mean incubation period for COVID-19 
is between 3.0-6.4 days.5,22-24 We therefor decided 
to use the 14-day cut-off period to monitor patients. 
A limitation of our approach to swabbing of the 
contacts, was that a number of our swabs were done 
early in the exposure where a negative swab could not 
be interpreted as truly negative. We were, however, 
bound to regulatory requirements which stipulated 2 
COVID-19 swabs, to be done 24 hours apart for close 
contacts of a COVID-19 case in patients with any 
degree of severity of acute respiratory illness. There 
were however, 33 swabs done after day 7 of exposure 
which were all negative. Swabbing for asymptomatic 
patients remains a contentious issue.22,23 Sero-
surveys as this situation develops would be helpful in 
clearing the doubt that exists here, however, we did 
do so for 5 patients, 2 as clearance for CH and 3 as a 
baseline before opening the ward after completion of 
the lockdown period. These were patients who had 
significant comorbidities where symptoms could be 
subtle. The other reason we did so was as reassurance 
to our staff that no transmissions had occurred.

As a result of this case, we have in addition also 
expanded our testing to include all cases of acute 
respiratory illness, particularly if prolonged, all 
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Bed 
number

Risk 
stratification

Admission-Discharge 
date

Discharge 
disposition LOS Negative COVID19 

swabs*(number)

38 High 13/2-4/3/2020 Home 20 D1,D3,D14 (3)

37 High 18/2-6/3 Home 17 D1,D3,D6, D14 (4)

37 High 2/2-18/2/2020 CH 16 D1,D6,D10,D11 (4)

36 Index 15/2-18/2 NA NA NA

35 High 10/2-12/3 CH 31 D1,D3,D14 (3)

34 High 17/2-3/3/2020 Home 15 D1,D2,D3,D4,D6,D8 (6)

34 High 3/2-17/2/2020 CH 14 D1,D3,D14 (3)

33 High 11/2-7/3/2020 Home 25 D2,D3,D8,D14 (4)

32 Low 16/2-20/2/2020 Home 4 NA

31 Low 16/2-1/3/2020 Home 14 NA

30 Low 15/2-24/2/2020 Nursing Home 9 D3,D4 (2)

29 Moderate 11/2-21/2/2020 Home 10 D1,D2 (2)

28 Low 18/2-21/2/2020 Home 3 NA

27 Low 15/2-24/2/2020 Home 9 NA

26 Low 18/2-9/3/2020 NH 20 D14 (1)

25 Low 18/2-20/2/2020 Home 2 NA

24 Low 16/2-23/03/2020 Home 36 NA

23 Low 9/2-21/2/2020 Home 12 NA

22 Low 12/2-25/2/2020 CH 13 NA

21 Moderate 18/2-22/2/2020 Home 4 D1,D2 (2)

20 Moderate 8/2-23/2/2020 Home 15 D1,D2 (2)

19 Moderate 17/2-21/2/2020 Home 4 D1,D2 (2)

18 Low 16/2-21/2/2020 Home 5 NA

17 Low 12/12/19-28/2/2020 Home 78 NA

16 Low 11/2-24/2/2020 Home 13 NA

15 Moderate 19/12/19-25/2/2020 Home 68 D1,D2 (2)

14 Low 13/2-5/3/2020 CH 21 D6,D14 (2)

13 Low 16/2-20/2/2020 Home 4 NA

12 Moderate 5/2-21/2/2020 Home 16 D1,D2 (2)

11 Low 13/2-23/2/2020 Deceased (expected) 10 NA

10 Moderate 18/2-28/2/2020 Home 10 D1,D3,D5,D9 (4)

9 Low 11/2-28/2/2020 Deceased (expected) 15 NA

8 Moderate 30/1-27/2/2020 Nursing Home 28 D1,D2 (2)

7 Moderate 17/2-22/2/2020 Home 5 D1,D2 (2)

6 Low 12/2-26/2/2020 Deceased (expected) 14 NA

5 Low 12/2-20/2/2020 Home 8 NA

4 Low 15/1-current Inpatient NA D6,D14 (2)

3 Low 11/2-26/2/2020 Home 15 NA

2 Moderate 25/1-29/2/2020 Deceased (expected) 4 D1,D2 (2)

1 Moderate 24/01-21/2/2020 Home 28 D1,D3 (2)

Table II. Results of swabs performed on patients in the ward.

*Counted from day of positive swab of index case on 18/2/2020
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undifferentiated prolonged fever, as well as all dengue 
cases where the NS1 antigen is not detected. We 
currently already have surveillance for community 
acquired pneumonia in place. Our suspect case 
definitions also include ARI or pneumonia that 
developed within 14 days of travel to an affected area, 
or had been to a hospital in an affected area or contact 
with a case of COVID-19 infection. We also formalised 
the process for Nasopharyngeal Swab (NPS) collection 
with a work instruction with precise information of 
wearing of PPE suitable for full transmission based 
precautions, due to the risk of the patient coughing 
and generating aerosol.

Conclusion
We describe exposure of a COVID-19 patient in a 
general ward and the steps taken to prevent further 
transmission. Effective risk stratification and isolation, 
the of use surgical mask, rapid environmental 
decontamination and ward lock down. Additional 
features that helped mitigate the risk were the droplet 
nature of transmission, and the built environment of 
adequate bed-space and natural ventilation. 

*Counted from day of exposure to index case

Table III. Results of the swabs performed on the ED contacts of the patient

ED contact Contact Date Discharge Date LOS Negative COVID19 
swabs*(number)

ED1 13/2/2020 22/2/2020 9 D7,D9 (2)

ED2 13/2/2020 21/2/2020 8 D7,D8 (2)

ED3 13/2/2020 19/2/2020 6 D5,D7 (2)

ED4 13/2/2020 24/2/2020 11 D7,D9 (2)

ED5 13/2/2020 25/2/2020 12 D7,D9,D20 (3)

ED6 15/2/2020 24/2/2020 9 D7,D8(2)

ED7 15/2/2020 22/2/2020 7 D5,D7 (2)

ED8 15/2/2020 24/2/2020 9 D5,D6 (2)

ED9 15/2/2020 NA NA D6,D7,D18 (3)

ED10 15/2/2020 23/2/2020 8 D7,D8 (2)
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