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Church A and Church B were linked by one individual 
from Church A (A2), who probably transmitted the 
infection to the primary case of the Church B cluster (F1) 
at a family gathering on Jan 25, 2020. All cases were 
confirmed by RT-PCR testing, except for A2, who was 
diagnosed by serological testing.

The clusters at Church A and Church B were detected 
in early February and mid-February, respectively. 
Although W1 and W2 were diagnosed with COVID-19 at 
the end of January, their possible link to Church A was 
only discovered after the Church A cluster was identified, 
through investigation and repeat interviews.5 By that 
time, A2 had recovered from COVID-19 and was not 
immediately linked to either cluster. Family members 
who had been infected at the family gathering on 
Jan 25, 2020, were first linked to F1 and were initially 
regarded as part of the cluster at Church B. However, 
subsequent investigations into case histories indicated 
that the family cluster was a distinct cluster and that A2 
was most probably the missing link between the two 
church clusters; this idea was substantiated when A2’s 
serological results were confirmed to be positive.

Five locally transmitted cases of COVID-19 (A1–A5) 
were linked to Church A. These people attended a church 
service on Jan 19, 2020, the same day W1 and W2 visited 

the church. Although all five people had developed 
symptoms by Feb 2, 2020 (figure 2), only A1, A4, and A5 
were diagnosed (between Feb 6 and Feb 8, 2020), because 
they had been hospitalised for pneumonia and tested for 
SARS-CoV-2 as part of enhanced surveillance measures 
to test all patients admitted to hospital with pneumonia. 
A2 and A3 were not diagnosed when symptomatic in late 
January because their symptoms were mild and they did 
not meet the suspect case-definition at that time. A2 and 
A3 were tested only after mapping of activities and 
movements of other cases suggested that A2 could be the 
missing link between the clusters at Church A and 
Church B. An RT-PCR test of a nasopharyngeal specimen 
taken from A3 on Feb 18, 2020, was positive, although 
this individual had clinically recovered from the illness, 
which persisted from Jan 28 to Feb 10, 2020. Serological 
analysis of a serum sample obtained on the same day as 
the nasopharyngeal specimen was also positive. Although 
A2 had two negative RT-PCR tests, the serological result 
was positive, indicating past infection.

A2 and A3 attended a Chinese New Year family 
gathering on Jan 25, 2020, at the home of F1. Nine cases 
(A2, A3, and F1–F7) were linked to this family gathering. 
A2, whose symptoms started on Jan 23, 2020, was 
unwell at this event and most probably was the primary 

Figure 1: Transmission map of COVID-19
Map shows how COVID-19 was linked to two travellers from Wuhan, China, and two church clusters and a family gathering in Singapore. COVID-19=coronavirus 
disease 2019.
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Figure 2: Incubation period, 
duration of symptoms, and 

length of admission, from 
Jan 14 to Feb 26, 2020
Data for 30 people with 

coronavirus disease 2019 are 
shown. Individuals are 

labelled with cluster letter and 
number, age (years) and sex 

(M=male; F=female). Median 
age of affected individuals 

was 50·5 (IQR 25–79) years 
and half the cohort (15 of 30) 

were female.
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source of transmission. A3 developed symptoms later, 
on Jan 28, 2020, and was, therefore, unlikely to be the 
source of infection at this gathering.

17 locally transmitted cases were linked to Church B 
(B1–B16 and F1). Thorough review of activity maps 
ascertained that F1, who had developed symptoms on 
Jan 29, 2020, and continued to work at Church B while 
ill, was the primary case of the Church B cluster.

In mid-February, epidemiological and clinical evidence 
strongly suggested that A2 was the missing link between 
the clusters at Church A and Church B through attendance 
at the family gathering on Jan 25, 2020, while symptomatic. 
However, by the time this link was ascertained, more than 
3 weeks had passed from symptom onset on Jan 23, 2020, 
and symptoms had resolved completely a week previously, 
on Feb 8–10, 2020. A2 had two negative RT-PCR test 
results from samples taken from the nasopharynx, with 
testing done 1 day apart on Feb 18 and Feb 19, 2020. The 
sample for serological testing was taken on Feb 18, 2020, 
and a positive result was confirmed on Feb 22, 2020.

ELISA results for A2 and A3 on Feb 20, 2020 (figure 3A) 
showed a strong antibody response to the SARS-CoV-2 
RBD protein, which was not seen in serum samples 
from SARS-CoV patients. The results were further 
confirmed by VNT on Feb 22, 2020 (figure 3B).

Discussion
This investigation shows how SARS-CoV-2 serological 
analysis (ELISA detecting IgG and VNT detecting 

neutralising antibodies), in addition to use of traditional 
epidemiological methods, was important in establishing 
links among locally transmitted COVID-19 cases and 
tracing the transmission chain to an imported source. 
Detection of COVID-19 can be difficult because of the non-
specific mild respiratory symptoms in many affected 
individuals and because some people might recover 
without being diagnosed.9 Although PCR tests offer a rapid 
diagnostic solution, they can only detect SARS-CoV-2 
during the period of viral shedding, which is the acute 
phase of infection. The duration of viral shedding for 
COVID-19 is not certain,10 but SARS-CoV data indicate that 
21 days after symptom onset, 53% of cases achieved viral 
clearance in nasopharyngeal aspirate samples.11 As such, 
PCR testing alone is limited by its ability to detect 
convalescent cases.

Serological testing can be especially useful in detecting 
a previous suspected infection in people who have 
recovered. For seroconversion kinetics, past coronavirus 
studies indicate that all patients with Middle East 
respiratory syndrome (MERS) seroconverted 3 weeks 
after symptoms started,12 and 93% of patients with severe 
acute respiratory syndrome (SARS) seroconverted at 
an average of 20 days from symptom onset.11 The first 
preliminary analysis of SARS-CoV-2 IgM and IgG 
indicated that the antibody response in COVID-19 
patients is similar to, if not earlier than, these times.13 
Cross-reactivity of immunoglobulins to closely related 
viruses such as SARS-CoV is a potential issue,14 but our 

Figure 3: Serological testing of two patients
(A) ELISA testing using SARS-CoV-2 NP and RBD antigens. In addition to serum samples from the two suspected cases (A2 and A3), known positive samples for 
COVID-19 and SARS, and negative samples, were included in the testing, and serial dilutions were done. (B) VNT results at the highest dilution that could effectively 
neutralise the SARS-CoV-2 infection. COVID-19=coronavirus disease 2019. NP=nucleocapsid protein. RBD=receptor binding domain. SARS=severe acute respiratory 
syndrome. SARS-CoV-2=severe acute respiratory syndrome coronavirus 2. VNT=virus neutralisation test.
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