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Background: Genomic surveillance activity is a useful tool in epidemiologic investigations and monitoring of virus
evolution. This study aimed to describe the COVID-19 outbreaks through SARS-CoV-2 virus genomic surveillance
by whole genome sequencing.

Methods: A cross-sectional study was conducted using archived clinical samples of confirmed laboratory-positive
COVID-19 from June 2021 to June 2022 from a tertiary center in Malaysia. The samples were subjected to whole
genome sequencing. A phylogenetic tree was constructed using the maximum likelihood method in MEGA 11
software. The clinical data were obtained through paper, electronic, and hospital information systems.

Results: A total of 86 clinical samples were successfully sequenced. The phylogenetic tree revealed seven clus-
ters, consisting of 24 cases. Three clusters were associated with health care workers and health care-associated
individuals. The SARS-CoV-2 Delta variants were observed in the first three clusters and subsequently replaced
with the Omicron variants.

Conclusions: Whole genome sequencing is robust and reliable, enhancing epidemiologic investigations, leading to
the identification of clusters and preventing the spreading of COVID-19 among health care workers. Monitoring
of the SARS-CoV-2 variants is necessary to study the viral dynamics and maintain the effectiveness of public
health interventions.

Introduction

The emergence of the novel SARS-CoV-2, originally started in
Wuhan, China in December 2019, has caused a significant public health
crisis. Within 3 months, in March 2020, this virus was responsible for
causing global spread and led to the declaration as a pandemic by the
World Health Organization (WHO) [1,2]. As of December 2024, 182,000
million and 25,000 million COVID-19 cases and deaths were reported,
respectively (WHO COVID-19 Dashboard| WHO COVID-19 Dashboard
with Vaccination Data).

The SARS-CoV-2 virus is transmitted via respiratory droplets and
aerosols [3]. It can linger in the air, especially in crowded and poorly
ventilated spaces, making it easy to spread from person to person. The
virus can also spread by touching contaminated surfaces, increasing its
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spread [3]. COVID-19 clinical manifestations range from asymptomatic
to respiratory illness from mild influenza-like illness to severe cases re-
quiring hospitalization, with some people experiencing long-term effects
(long COVID). The long incubation period also promotes the virus to
spread in clusters and causes outbreaks [4]. Identifying clusters allows
health authorities to link cases to the same source, trace close contacts,
and isolate identified cases [5].

In response to the pandemic, Malaysia implemented preemptive
measures and adopted public health strategies by the WHO to con-
tain and mitigate disease transmission [6]. These measures include
movement restriction orders and the prescribed standard operating
procedures (SOPs) for infection and prevention control, such as non-
pharmaceutical interventions, which must be carried out during daily
activities on premises, i.e. outdoor areas, indoor spaces, or vehicles [7].
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There were also targeted screening, surveillance activities, and the im-
plementation of institutionalized isolation and quarantine systems for
confirmed and suspected COVID-19 cases [6].

Initiatives were also taken to strengthen genomic surveillance to
study and monitor evolutionary patterns, new mutations and variants,
and genetic diversities, such as a nationwide consortium funded by
the Ministry of Technology [8,9]. The robust and advanced technol-
ogy of next-generation sequencing, such as the Illumina and Oxford
Nanopore Technology, facilitated the identification of key SARS-CoV-
2 variants and aided in the adaptation of local public health strategies
[8]. Malaysian pandemic responses were conducted in phases of vary-
ing degrees until the initiation of the COVID-19 National Immunization
Program, which led to the National Recovery plans and subsequently
transitioned toward endemicity [10].

In our tertiary hospital, the COVID-19 surveillance and track-
ing of outbreaks conducted among health care workers (HCWs) and
healthcare-associated individuals (HCAI) relied on epidemiologic data.
Nevertheless, whole genome sequencing has been widely used since the
pandemic began. Here, we describe a study of whole genome sequenc-
ing in cases of HCWs, HCAI, and the community, integrating with epi-
demiologic data to identify community clusters toward the end of the
pandemic.

Methods
Study setting design and patients

A cross-sectional study was conducted at the Pusat Perubatan Univer-
siti Teknologi MARA (PPUIiTM) in Selangor, Malaysia, an 80-bed public
hospital that serves as a teaching center for Universiti Teknologi Mara
medical students. The diagnostic laboratory primarily receives patient
samples from inpatients, the community (public) surrounding the vicin-
ity, including medical students who live in the nearby residential col-
lege, HCWs, and HCAJ, i.e., medical lecturers and hospital administra-
tive staff. In this study, the consecutive samples were selected between
June 2021 and June 2022 from patients with laboratory-confirmed pos-
itive COVID-19 infections by reverse transcription-polymerase chain re-
action performed at the Microbiology laboratory, PPUiTM, with a cy-
cle threshold value <40.0, stored in —80°C freezer. Samples with an
insufficient residual volume (<500 pl) and those with a cycle threshold
value >30 of any of the target genes, (i.e. E gene, RARp gene, ORF lab
gene, N gene, and S gene) after retesting with commercially available re-
verse transcription-polymerase chain reaction, were excluded to ensure
a good yield for subsequent sequencing.

Clinical data were collected from paper and electronic patient
records (UniMEDS) and consisted of the date of sample collection, gen-
der, age, type of infection, and workstation for HCWs.

Whole genome sequencing and analysis

The viral RNA was extracted using the QIAamp Viral RNA Mini
kit (Qiagen, Germany), following the manufacturer’s instructions on
the kit. The complementary DNA (cDNA) library preparation was
conducted using the Rapid Barcoding Kit following workflows (mid-
night protocol) for Oxford Nanopore Technology on the MinION Mklc
platform. The raw data of FASTQ output were then analyzed using
Oxford Nanopore Technology sequencing systems, including built-in
software, EPI2ME desktop Agent 3.7.3, for primary data processing. The
final report consists of Next Clade/NextStrain.org and Pangolin.co.uk
reports for variant calling. The official reference sequence of SARS-
CoV-2 Wuhan-Hul and nine Malaysian sequences were retrieved from
the Global Initiative on Sharing All Influenza Data (GISAID), with
the collection dates between January 2021 and June 2022 to serve
as local reference sequences. The phylogenetic tree was constructed
using Mega 11.0, the maximum likelihood approach with 1000 boot-
strap replications and the best substitution model, the general time
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reversible [11,12]. The original Wuhan reference genome (GISAID ac-
cession number: EPI_ISL_402124 named hCoV-19/Wuhan/WIV04/2019
[WIV04]) and nine representative Malaysian sequences (GISAID ac-
cession number: EPI_ISL 3769337, EPI_ISL_4122479, EPI_ISL_7380536,
EPI ISL 5114309, EPIISL 5397601, EPIISL 9211296, EPIISL_
13134761, EPIISL_11939144, and EPI_ISL_13478162) were used
to align and construct the 86 whole genome sequences of SARS-CoV-2
from Hospital Al-Sultan Abdullah. The sequence’s presence with gaps
and missing data was removed.

Results

A total of 129 laboratory-confirmed COVID-19-positive samples were
kept in the —80°C freezer; 101 had CT values <30 after verification and
retesting. Only 86 samples were successfully sequenced. Phylogenetic
analysis showed seven clusters involving only 24 cases (Figure 1). The
first three clusters (Cluster I, II, and III) involved 12 cases, and the SARS-
CoV-2 strain circulated from June 2021 to July 2021. These clusters
belonged to the GISAID Clade GK, NextClade 21J, and 21K, VOC Delta
with sublineages, i.e. AY. 59 and AY. 79.

Cluster I and Cluster II did not involve any HCWs. They were from
the community who came for treatment at our center. Both clusters be-
longed to the Delta variant Pangolin lineage AY. 59.

Cluster III involved seven patients. It started with case 11 which first
contracted the disease, followed by case 6. Both were HCWs working in
different workstations. Case 11 was a HCAI, whereas case 6 was one of
the HCWs. They came to our center 2 days apart. Cases 8 and 10 were
from the community, and case 9 was a HCAL Cases 7 and 12 were not
HCWs. Cluster III belonged to the original Delta variant (B.1.617.2), ob-
served in cases 6, 8, 11, and 12, whereas the others belonged to the
Delta variant sublineage AY. 79. Clusters IV-VII belonged to the Clade
GRA (Omicron variant) from February 2022 until April 2022. They con-
sist of two Pangolin sublineages: BA.1.1 and BA.2.3. Cluster IV involved
three cases from the community.

The cases belonging to Cluster V were HCAI and one from the com-
munity (case 19). Case 16 was a hospital administrative officer, case 17
was an HCW, and case 18 was another hospital staff member. Cluster
VI was associated with cases 20, 21, 22, and 23 from the community.
Cluster VII involved a hospital administrative officer (case 23), a HCAI
and a community member (case 24). All cases had mild illness and did
not require hospital admission (Table 1).

Discussion

Whole genome sequencing has been widely used since the pandemic,
including small-scale research studies through multiple platforms. In
this study, we identified seven COVID-19 clusters involving HCWs,
HCAI, and the community caused by SARS-CoV-2 Delta and Omicron
variants after performing whole genome sequencing. Many studies com-
bined epidemiologic and genome sequencing information to enhance
epidemiological investigations [13,14].

Three clusters (Cluster III, V, and VII) involved HCW and HCAIL
HCWs are among those at the highest risk of SARS-CoV-2 infection,
and, early in the pandemic, personal exposure to COVID-19 during pa-
tient care was the leading cause [15-17]. Infection among HCWs also
increase the risk of nosocomial transmission. A retrospective analysis in
a London teaching hospital showed that nosocomial COVID-19 had a
case fatality rate of 36% [18]. Prevention of COVID-19 infection among
HCWs relies on strict adherence to SOPs, and good adherence will ensure
less disruption in healthcare deliveries and reduce the risk of interhos-
pital transmission among the hospital staff [19]. In Cluster III, from the
epidemiologic data, three cases were HCWs stationed at three different
places in the PPUIiTM, four were from the community, and none were
inpatients. However, insufficient information was available to link and
identify a common transmission source despite all cases being part of
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Figure 1. A phylogenetic analysis showing 7 outbreak clusters (Cluster I to VII).
Clusters I, II, and III belonged to the Delta variant (Clade K) and Clusters IV, V, VI, and VII belonged to the Omicron variant (GRA).

the same cluster. Given this lack of a clear link, it is likely that this clus-
ter was part of a larger community outbreaks. Nevertheless, nosocomial
transmission remains a concern, as SARS-CoV-2 and most other respi-
ratory viruses can spread not only through direct contact and aerosols
but also via fomites and contaminated surfaces, potentially facilitating
interhospital transmission [19].

Cluster LII and III were associated with the original SARS-CoV-2
Delta variant (B.1.617.2) and the sublineage AY. 79., Clade GK. The
SARS-CoV-2 Delta variant, despite being virulent, was believed to be
sensitive, and patients infected may not have severe infection [20]. All
cases in these clusters experienced mild symptoms. By the time this
study was conducted, about 95% of the population had already received
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Table 1
Demographic and SARS CoV-2 characterization (Clade and lineage according to Nextclade, GISAID, and Pangolin) of the 24 cases.

No. Cluster Date of Cases Age Gender Variant Nextclade GISAID Pangolin
specimen Clade lineage

1 1 16/07/2021 Community 33 F Delta 211 GK AY.59

2 1 16/7/2021 Community 6 M Delta 211 GK AY.59

3 1 17/7/2021 Community 2 M Delta 211 GK AY.59

4 2 3/6/2021 Community 9 F Delta 211 GK AY.59

5 2 3/6/2021 Community 4 M Delta 211 GK AY.59

6 3 19/7/2021 HCW 35 F Delta 21J GK B.1.617.2

7 3 26/07/2021 Community 22 M Delta 21J GK AY.79

8 3 23/07/2021 Community 1 M Delta 21J GK B.1.617.2

9 3 23/7/2021 HCW 21 M Delta 21J GK AY.79

10 3 23/7/2021 Community 6 M Delta 21J GK AY.79

11 3 17/7/2021 HCAI 38 M Delta 21J GK B.1.617.2

12 3 22/07/2021 Community 6 F Delta 21J GK B.1.617.2

13 4 2/7/22 Community 20 F Omicron 21K GRA BA.1.1

14 4 2/7/22 Community 20 F Omicron 21K GRA BA.1.1

15 4 2/7/22 Community 20 F Omicron 21K GRA BA.1.1

16 5 2/18/22 HCAI 26 F Omicron 21L GRA BA.2.3

17 5 3/3/22 HCW 38 F Omicron 21L GRA BA.2.3

18 5 3/2/22 HCAI 24 F Omicron 21L GRA BA.2.3

19 5 3/23/22 Community 25 M Omicron 21L GRA BA.2.3

20 6 4/4/22 Community 20 M Omicron 21L GRA BA.2.3

21 6 4/4/22 Community 21 M Omicron 21L GRA BA.2.3

22 6 4/4/22 Community 20 M Omicron 21L GRA BA.2.3

23 7 2/14/22 Community 2 M Omicron 21L GRA BA.2.3

24 7 2/14/22 HCAI 35 F Omicron 21L GRA BA.2.3

F, female; HCW, health care worker; HCAI, healthcare-associated individuals; M, male.

one dose of the vaccine, 91.2% had completed two doses, and 99% of the
HCWs were fully vaccinated [21,22]. Nevertheless, infection prevention
and control SOPs and the non-pharmaceutical interventions remained
mandatory. As part of the National Recovery Plans, restriction orders
were gradually eased and economic sectors reopened [23].

In Cluster V, we also observed a similar pattern of HCW COVID-19
infections without any link from their workstations. There were three
HCW cases and one student, likely part of a larger community clus-
ter. This cluster was associated with the SARS-CoV-2 Omicron variant
BA.2.3, Clade GRA, which has been associated with a higher risk of re-
infection likely due to immune evasion following previous Delta variant
infections [24]. Cluster VII involved a healthcare individual with her
son, both infected with the same Omicron variant (BA.2.3).

Clusters I, II, IV, and VI were most likely community acquired, as
none of the cases were linked to HCWs or ongoing healthcare-associated
infections.

The presence of the Delta variant in the first three Clusters (I, II,
and III) showed that the earlier SARS-CoV-2 variants were gradually
displaced by the Omicron variant as the virus continued to evolve in
Malaysia [9,25]. Our samples were not part of outbreak investigations,
and we successfully sequence 67% of the total available samples in the
laboratory. As a result, additional cases may have been linked to the
identified clusters, or new clusters may have emerged. Due to this limita-
tion, we were unable to clearly establish the full transmission dynamics
of the disease.

Conclusion

Whole genome sequencing has become more robust and reliable,
with the potential to be incorporated into hospital surveillance sys-
tems for cluster outbreaks detection. Timely intervention is crucial dur-
ing rampant community transmission to reduce healthcare delivery dis-
ruptions and implement containment measures to prevent interhospital
transmission and nosocomial infection. Integrating epidemiologic and
genomic sequencing data will enhance identification and allow health
authorities to link cases to the source, trace close contacts, and isolate
cases. The detection of multiple clusters in this study suggests ongoing
viral evolution driven by the accumulation of mutations. If applied in

real time, whole genome sequencing could enhance outbreak detection,
track transmission chains, and guide effective infection control strate-
gies to curb SARS-CoV-2 transmission.
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