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Abstract

Background

The transmission dynamics of SARS-CoV-2 varies depending on social distancing mea-
sures, circulating SARS-CoV-2 variants, host factors and other environmental factors. We
sought to investigate the clinical and epidemiological characteristics of a SARS-CoV-2 out-
break that occurred in a highly dense population area in Colombo, Sri Lanka from April to
May 2020.

Methodology/principal findings

We carried out RT-gPCR for SARS-CoV2, assessed the SARS-CoV-2 specific total and
neutralizing antibodies (Nabs) in a densely packed, underserved settlement (n = 2722) after
identification of the index case on 15" April 2020. 89/2722 individuals were detected as
infected by RT-gPCR with a secondary attack rate among close contacts being 0.077 (95%
CI10.063-0.095). Another 30 asymptomatic individuals were found to have had COVID-19
based on the presence of SARS-CoV-2 specific antibodies. However, only 61.5% of those
who were initially seropositive for SARS-CoV-2 had detectable total antibodies at 120 to 160
days, while only 40.6% had detectable Nabs. 74/89 (83.1%) of RT-qPCR positive individuals
were completely asymptomatic and all 15 (16.9%) who experienced symptoms were classi-
fied as having a mild illness. 18 (20.2%) were between the ages of 61 to 80. 11/89 (12.4%)
had diabetes, 8/89 (9%) had cardiovascular disease and 4 (4.5%) had asthma. Of the two
viruses that were sequenced and were of the B.1 and B.4 lineages with one carrying the
D614G mutation.
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Discussion/conclusion

Almost all infected individuals developed mild or asymptomatic iliness despite the presence
of comorbid illnesses. Since the majority of those who were in this underserved settlement
were not infected despite circulation of the D614G variant, it would be important to further
study environmental and host factors that lead to disease severity and transmission.

Introduction

SARS-CoV-2 has currently affected 221 countries and is the leading cause of mortality in USA,
some Latin American countries and in certain regions in Europe [1]. The World Health Orga-
nization estimated that 10% of the global population may have already been infected with the
virus by October 2020 [2]. The transmission dynamics of the virus varies depending on social
distancing measures, circulating SARS-CoV-2 virus variants, host factors and other environ-
mental factors [3-5]. The extent of infection, the route of transmission, the full range of disease
presentation and the viral dynamics may vary based on the setting. Understanding the epide-
miological, clinical and characteristics of the virus in the selected communities that were
affected with COVID-19 and their close contacts is imperative to inform targeted measures for
the public health response.

The first patient infected with SARS-CoV-2 in Sri Lanka was reported on the 27" January,
who was a foreign national and the first Sri Lankan patient was reported on the 10™ of March
[6]. Since then, the spread of the virus was largely contained until end of September 2020, and
only 3111 cases were reported within a period of 6 months (March to September, 2020), of
which 38.8% were imported cases (acquired the infection outside Sri Lanka) [7]. Among many
public health measures, extensive restriction of movements of people through lockdowns’ was
one main measure used by the government to control the situation. However, in early April,
during the island wide lockdown period, limited spread was picked up during community
screening in a population dense, underserved settlement withing the Colombo metropolitan
region. This outbreak was detected in Bandaranayaka watta within the legislative premises of
Colombo Municipal Council (CMC) in the City of Colombo.

The City of Colombo, the commercial capital of the country is spread across an area of 37.3
km? and has a 750000 resident population and 0.5 million population of daily migrants. It's
the most populated city in Sri Lanka. Colombo City is divided into five administrative divi-
sions (1, 2A, 2B, C, D, E) and Bandaranayaka watta is located in the 2A Division (Fig 1). It is
an underserved settlement of approximately 6,955 square meters (0.007 km?*) with 2722 per-
sons in 464 families living in slum houses, which are much overcrowded (population density;
388,857.1 inhabitants/km?)

The index case of the outbreak of COVID-19 detected on 15 April 2020 in the Bandara-
nayaka Watta was a symptomatic 59-year-old female. She was a returnee from a pilgrimage to
India and after discharge from a 14-day mandatory quarantine following a negative RT-qPCR,
she presented to hospital with chest pain. The RT-qPCR done on admission gave a positive
result, which was after 45-days from her return to Sri Lanka.

An epidemiological investigation for further cases and contacts using a risk stratified
approach was initiated immediately in the Bandaranayaka watta by the Public Health Depart-
ment of CMC and the Epidemiological Unit of the Ministry of Health. The methods for sero-
surveillance was based on the Unity studies of WHO [8]. In order to understand the
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Administrative Districts N

Fig 1. A map of the District 2A areas of the Colombo municipality council. The location of the Bandaranayaka
watta is circled in red. The figure is from GIS unit ID Center, Colombo Municipal Council Sri Lanka.

https://doi.org/10.1371/journal.pone.0257548.9001
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transmission dynamics within a very highly populated area, we proceeded to study the epide-
miological and the virus characteristics and sero-survillence in individuals living in this
region.

Materials and methods
Study participants

This study was conducted prospectively for a period of 65 days following the detection of the
index case on 15" April 2020 (15 April 2020 to 19 May 2020). Nasopharangeal swabs were
obtained by field health staff from all study participants (all close contacts and all non-close
contacts to determine if they were infected with the SARS-CoV-2). The first 3 cases were
detected within the 24 hours of detection of index case, and therefore, they were also classified
as “primary cases”.

Close contacts were defined as individuals living in Bandaranayaka watta and who had
direct physical contact or associated with cases (distance of 1m) within a period of 2 days from
identification of the index case. Therefore, individuals who had contact with symptomatic,
index cases 2 days prior to their diagnosis were traced back. Since this outbreak was during a
‘locked-down’ period with enforcement of a police curfew, residents of “Bandaranayaka watta”
were confined to their homes. All RT-qPCR positive, close contacts were classified as cases and
were hospitalized. RT-qPCR negative contacts were directed to a quarantine facility for 14
days to ensure that they stay isolated under observation of health staff. They were retested at
the end of the quarantine period, irrespective of presence of absence of symptoms.

The ‘non-close contacts’ were defined as those who were living within the CMC region as
the cases, or those who worked with cases in the same causal occupations but were not quali-
fied to be defined as close contacts. The investigations by the health staff for each of the cases
of Bandaranayaka watta resulted in identification of the ‘non-close contacts’. The RT-qPCR
positive ‘non-close contacts’ were classified as cases and were directed them to hospitals. If
RT-qPCR was negative, they were directed to isolate themselves in their own homes for 14
days, under the observation of health staff according to government regulations at the time.
They were retested after the quarantine period, irrespective of presence or absence of symp-
toms. In case if they develop symptoms after the quarantine period, again they were retested.
The methods for sero-surveillance was based on the Unity studies of WHO [8].

Data collection

Demographic and clinical data were collected from all the study participants (cases, close con-
tacts and non-close contacts) following informed written consent. Quarantine center records
and field health records were used as source of data. Clinical disease severity was classified as
mild, moderate and severe according to the WHO guidance of COVID-19 disease severity [9].

Ethics statement

Ethics approval was obtained by the Ethics Review Committee of University of Sri Jayewarde-
nepura (COVID 01/20). All participants gave informed written consent and for child partici-
pants, the informed written consent of the parents was obtained.

Sample collection

Two blood samples were obtained from all cases (individuals who were infected with the
SARS-CoV-2) and close contacts who were recruited for the study while only one blood sam-
ple was obtained from non-close contacts who were recruited to the study. The first sample
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was obtained from cases (n = 89) close contacts (n = 452) and non-close contacts (n = 1539)
between day 11 to 60 day from identification of the index patient. The second blood sample
was obtained 120 to 160 days from the identification of the index patient in those who had
COVID-19 (n = 66) and their close contacts (n = 439). During the second blood sample collec-
tion, only a subset of participants volunteered to provide a blood sample. A second blood sam-
ple was not obtained from non-close contacts due to logistics.

RT-qPCR for detection of SARS CoV-2

Nasopharyngeal swabs of suspected SARS- CoV-2 patients were lysed and RNA was extracted
using QIAmp Viral RNA Mini Kit (Qiagen, USA, Cat: 52906) and used to detect the presence
of N gene and ORF1lab gene of SARS-CoV2 with Da An Gene real time PCR kit (Da An Gene,
China. Cat: DA-930) by RT-qPCR according to manufacturers’ instructions in ABI 7500 real
time PCR system (Applied Biosystems, USA).

Assay to measure total antibodies and neutralizing antibodies (Nabs)

Due to the limitations in using a BSL-3 facility to carry out assays to measure neutralizing anti-
bodies, the Nabs were measured using a surrogate virus neutralization test (sSVNT) [10]. This
is an indirect measure of the presence of Nabs as it measures the percentage of inhibition of
binding of the RBD of the S protein to recombinant ACE2 (Genscript Biotech, USA). Inhibi-
tion percentage > 25% in a sample was considered as positive for Nabs. We have validated this
in the Sri Lanka population and in patients with SARS-CoV2 previously [11].

SARS-COV-2 Total antibody responses were assessed using WANTAI SARS-CoV-2 Ab
ELISA (Beijing Wantai Biological Pharmacy Enterprise, China). The assay was carried out and
results were interpreted according to manufactures instructions. The specificity of the assay
was assessed using 81 serum samples obtained from National Institute of Infectious Diseases,
Sri Lanka in 2018, and all gave a negative result. All samples had absorbance less than the cut
off value for the assay. Therefore, the assay had 100% specificity for Sri Lankan individuals.

Using these assays, we measured total antibodies and Nabs (by sVNT) in all blood samples
of cases (n = 89) and close contacts (n = 437) during the first 11-60 days since detection of
index case. Assays for total antibodies were also done in the 1539 non-close contacts. However,
in the non-close contacts, Nabs were measured in only 14/23 who gave a positive result with
the total antibody assay, due to limited sample volume. In samples collected during day 120-
160 from the initial detection of the index case, total antibodies were measured in 65 cases and
418 close contacts while Nabs were measure in 64 cases and 414 close contacts.

Library preparation and Next Generation Sequencing (NGS) and
phylogenetic analysis of SARS-CoV-2 sequences

We carried out whole genomic sequencing of two of the viruses from these 89 patients, who
had Ct values of <25. Library preparation was attempted using the AmpliSeq for Illumina
SARS-CoV-2 Community Panel, in combination with AmpliSeq for Illumina library prep,
index, and accessories (Illumina, San Diego, USA) and targeted RNA/cDNA amplicon assay
was used. The representative lineage sequences were downloaded from https://github.com/
cov-lineages/lineages (anonymised.encrypted.aln.safe.fasta) on 16th September 2020. GISAID
(https://raw.githubusercontent.com/hCoV2019/lineages/master/gisaid_acknowledgements.
tsv) [12]. Sequence lineage, nucleotide mutations and amino acid replacements were generated
using the CoV-GLUE graphical user interface [13].
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Results

Following the identification of the index case, three immediate contacts were identified to have
been infected with COVID-19 by RT-qPCR and an epidemiological investigation identified 1093
individuals as close contacts, and 1625 individuals as non-close contacts. 85 individuals among
close contacts were confirmed as infected while none were identified among the non-close con-
tacts. The age and demographic characteristics of these individuals are shown in Table 1. 39.3% of
those who were infected were between the ages of 31 to 60 years. Only 1 individual was older than
80 years. The highest number of cases were identified on 20 April 2020, 5 days after the detection
of the primary case and 87 of the 89 cases were detected by 26 April, 11 days after the onset.

As 85/1093 individuals who were identified as close contacts of the initial four COVID-19
patients, subsequently became positive, the secondary attack rate among close contacts was
0.08 (95% CI 0.06-0.09) with secondary clinical attack rate being 0.01 (95% CI 0.001-0.02).
The 95% confidence intervals for the secondary clinical attack rates were calculated as previ-
ously described [14]. The secondary attack rate was defined as frequency of new COVID-19
infection among contacts of a confirmed case in a defined period of time. In the calculation of
secondary attack rate, the first 3 cases detected within the 24 hours along with the index case
were classified as “primary cases”. The secondary clinical attack rate was defined as the fre-
quency of new symptomatic cases of COVID-19 infection among the contacts of confirmed
cases in a defined period of time, as determined by a positive RT-qPCR result. Infection was
not detected by RT-qPCR in any of the non-close contacts.

Clinical disease severity of COVID-19 in this cohort

Out of 89 RT-qPCR positive patients, 15 complained of symptoms at the time of diagnosis or
prior to diagnosis. The commonest were sore throat (6/89, 6.7%), cough (5/89, 5.6%), runny
nose (2/89, 2.2%) and fever (2/89, 2.2%). 74/89 (86.5%) were completely asymptomatic
throughout the 14 days of mandatory hospitalization or quarantine period. All 15 (16.9%) who
experienced symptoms were classified as having a mild illness based on the WHO classification
of COVID-19 clinical disease severity [9]. 11/89 (12.4%) had diabetes, 8/89 (9%) had cardio-
vascular disease and 4 (4.5%) had asthma.

Table 1. Demographic characteristics of the infected individuals and their contact.

Characteristic Cases Close contacts Non-close contacts
N=89 N =1008 N =1625

Sex

Males (%) 47 (52.8) 694 (68.8) 1356 (83.4)

Females (%) 42 (47.2) 314 (31.2) 269 (16.6)

Age category

<5 years (%) 4 (4.5) 28 (2.8) 5(0.3)

6-15 years (%) 11 (12.4) 79 (7.8) 15 (0.9)

16-30 years (%) 20 (22.5) 269 (26.7) 336 (20.7)

31-60 years (%) 35(39.3) 528 (52.4) 1120 (68.9)

>60 years 19 (21.3) 104 (10.3) 149 (9.2)

Ethnicity

Sinhalese (%) 8(9.0) 303 (30.1) 1088 (67.0)

Tamil (%) 7(7.9) 145 (14.4) 292 (18.0)

Muslim (%) 74 (83.1) 532 (52.8) 187 (11.5)

Burgher (%) 0(0) 28 (2.8) 58 (3.6)

https://doi.org/10.1371/journal.pone.0257548.t001
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Presence of SARS-CoV2 specific antibodies in the cohort

SARS-CoV-2 specific total antibodies were detected in 59/89 (67.8%%) individuals who were
identified as having COVID-19, based on a positive RT-qPCR result, 5/452 (1.1%) of individu-
als identified as close contacts, also had detectable total antibodies, despite being RT-qPCR
negative (Table 2). Of all non-close contacts were tested by RT-qPCR, 23/1539 (1.5%), who
were also negative for RT-qPCR had SARS-CoV2 specific total antibodies. NAbs were detected
in all 59 individuals who were having COVID-19 (67.8%). In the second sample obtained
between 120 to 160 days since detection of the indexed patient, 40/65 (61.5%) SARS-CoV-2
infected individuals had detectable SARS-CoV-2 specific total antibodies, whereas only 26/64
(40.6%) had neutralizing antibodies. Of the close contacts of those who were found to be
SARS-CoV-2 RT-qPCR positive, 7/439 (1.7%) had detectable SARS-CoV-2 specific total anti-
bodies at the second time point, whereas only 1/439 (0.2%) had detectable Nabs.

During the second wave of COVID-19 that Sri Lanka is currently experiencing, many areas
within the CMC including Bandaranayaka watta was affected. 11 individuals of this Bandar-
ayanaka watta were found to be infected by RT-qPCR (previously uninfected individuals),
while one previously infected individual also became re-infected. Although his RT-qPCR was
positive for SARS-CoV-2 in April, he had not developed any detectable SARS-CoV2 specific
total antibodies or Nabs.

Virus characteristics

We sequenced two viruses (only 2/89 samples had RT-qPCR Ct values <25) from this cohort
which revealed that they were of clades B.4 and B.1 (Table 3), suggesting that many different
virus strains were circulating within the Bandaranayaka watta during this time. One of the
viruses had the D614G mutation.

Discussion

Understanding the transmission dynamics of SARS-CoV-2 infections could provide critically
important implications for the prevention and control of COVID-19 worldwide. In this study
we have investigated the spread of the virus and detection rates by RT-qPCR compared to
SARS-CoV-2 specific total and Nabs. The location of the outbreak, Bandaranayaka watta is an
underserved, highly congested settlement of slum houses, posing major challenges to imple-
ment the public health control measures. The first four individuals who were detected to be
infected with the SARS-CoV2 virus were identified to have 1093 close contacts, due to the
highly congested living conditions. However, despite 2722 individuals living in 6,955 square
meters (0.007 km?) and sharing toilets, infection was only detected by RT-qPCR in 85/1093
close contacts, although another 30 individuals were found to have had COVID-19 based on
the presence of SARS-CoV-2 specific antibodies. Although the containment of infection in
this underserved settlement is surprising, a larger slum area in Mumbai, which has a slightly
lower population density (388,857.1/km” in Bandaranayaka watta vs 277,136/km? Dharvi-

Table 2. The presence of SARS-CoV-2 specific total antibodies and neutralizing antibodies in COVID-19 patients, their close contacts and non-close contacts in the

Colombo Municipality region.

COVID-19 RT-qPCR positive patients
Close contacts

Non-close contacts

https://doi.org/10.1371/journal.pone.0257548.t1002

SARS-CoV antibody positivity at 11 to 60 days SARS-CoV antibody positivity at 120 to 160 days
Total antibodies Neutralizing antibodies Total antibodies Neutralizing antibodies
59/89 (67.8%) 59/89 (67.8%) 40/65 (61.5%) 26/64 (40.6%)

5/437 (1.1%) 4/437 (0.9%) 71418 (1.7%) 1/414 (0.2%)

23/1539 (1.5%) 0/14 NA NA
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Table 3. Type and number of mutations and the Pangolin lineage details of the SARS-CoV-2 viruses sequenced during this outbreak.

Sample ID (GISAID ID)
CDR142 (EPI_ISL_525474)

CDR1885 (EPI_ISL_525476)

https://doi.org/10.1371/journal.pone.0257548.t003

Date of collection

4/19/2020

4/28/2020

Lineage Number of SNPs Nucleotide Mutations Amino acid replacements
B.4 16 G1397A,T3873C,C5986T,G11083T, ORF1a:V378],
A11506T,C11758T,C11986T,G18984C, ORF1a:L3606F
C20483T,C21380T,G22770A,G25684T,
T26181G,C27879T,T28688C,G29465T | ORFIDMIS3OL,
ORF1b:S2339F,
ORF3a:A98S,
ORF3a:1263M,
ORF7b:H42Y,
N:A398S
B.1 14 C3037T,C3093T,G10523A,C14408T, ORF1a:P943L,
C15324T,G16117A,A21550C,A21551T, | ORF1a:V34201,
A23403G,C27213T,A27379G,G27382C,
A27383T,T27384C ORF1b:P314L,
S:D614G,
ORF6:160V

Mumbai), also successfully contained a COVID-19 outbreak [15]. Therefore, implementing
the WHO’s pillars of the strategy of the public health response and aiming to contain the virus
[16], does appear to be very effective in preventing outbreaks, even in areas, where it is most
challenging to do so.

Although 18 (20.2%) of those who had COVID-19 were in the 61 to 80 years age group and
1 person over 80 years of age, no one developed moderate or severe COVID-19 illness. In fact,
86.5% individuals developed asymptomatic illness. Although 19% of infected individuals have
shown to develop severe disease of which 5% become critically ill [17], none of these patients
developed moderate or severe illness. 12.4% of this cohort had diabetes and 8/89 (9%) had car-
diovascular disease, which are known risk factors for severe disease [18-20]. Therefore, envi-
ronment or host factors that affect clinical disease severity should be further investigated.

In this study, to determine infection with the SARS-CoV-2 virus, we also assessed the
SARS-CoV-2 specific total antibodies and Nabs. Nabs have shown to decay with time, espe-
cially in those with mild or asymptomatic infection [11]. Therefore, this shows while the total
Abs persist for longer the Nabs appear to decay faster in mild and asymptomatic individuals.
In order to understand the implications for long term immunity and vaccinations, it would be
important to further understand that type of antibody responses that persist and if such anti-
bodies could prevent re-infection. Indeed, one individual who was found to have an asymp-
tomatic infection with SARS-CoV-2 in April was reinfected in December 2020. This person
did not have any SARS-CoV-2 specific antibodies following infection. Therefore, careful epi-
demiological studies are necessary to determine the rates of re-infection and the type and
quantity of antibodies that associate with protection as this information is crucial for vaccine
development.

Due to the limited number of individuals who were positive by RT-qPCR (n = 89), we
could only successfully carry out whole genomic sequencing in 2 viruses. One virus lineage
corresponded to the European lineages associated with the large Italian outbreak (B.1) and an
Iranian lineage (B.4) [21, 22]. This limited data, suggests that multiple SARS-CoV-2 strains
were introduced to these communities from different sources and multiple strains circulated
in this area. Of the two viruses, one carried the D614G mutation in the S protein, which have
been associated with higher transmissibility and infectivity [4]. No mutations or deletions of
other nucleotides associated with milder illness were detected, such as the SARS-CoV-2 variant
with the deletion of 382 nucleotides in the ORF8 reading frame [23]. Since this study was
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carried out from April to May 2020, none of the current SARS-CoV2 variants that are associ-
ated with higher transmissibility that are currently emerging from many countries such as the
N501Y or the E484K mutation were detected [24]. None of the other mutations in the RBD
N439/R426, L452/K439, T470/N457, and Q498/Y484 that are associated with higher binding
affinity of spike protein of the virus to the RBD were detected either [25]. Despite one of the
viruses carrying the D614G mutation and despite this outbreak occurring in an extremely
overcrowded area, it appears that only 89/2722 living in the 6,955 square meters (0.007 km?)
area of the Bandaranayaka watta were infected.

There were several other limitations in this study. Although nasopharyngeal swabs were
obtained from all the study participants, only a subset of the participants volunteered to give a
blood sample for serological assays. Further some individuals were lost to follow up after 120-
160 days. In few patients the sVNT assay for SARS-CoV-2 Nabs could not be measured due to
inadequate serum volume.

In conclusion, we have described the transmission dynamics, serosurveillence data of a
COVID-19 disease outbreak that occurred during the first wave in Sri Lanka in a highly
crowded, lower socioeconomic area in Colombo, Sri Lanka. Since almost all infected individu-
als developed mild or asymptomatic illness and since the majority of those who were in this
very closely packed housing area were not infected, it would be important to further study
environmental and host factors that lead to disease severity and transmission.
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