
remains even in fish products frozen for a short time. 
In conclusion, the results of our study signal the need 
for health authorities to closely monitor marine para-
sites with zoonotic potential, even in inland areas. 
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African swine fever (ASF), a nonzoonotic, World 
Organisation for Animal Health (WOAH) noti-

fiable disease, is a devasting hemorrhagic infectious 
disease of domestic (Sus domesticus) and wild (Sus 
scrofa) swine populations (1). ASF was identified 
in Kenya in 1921 and subsequently spread through 
>50 countries (1). ASF is known to be spread by Or-
nithodorus soft ticks, vectors of ASF virus (ASFV), as 
well as contact with infected swine or contaminated 
vehicles or equipment and by consuming of infected 
carcasses (1). ASF often is associated with high illness 
and death rates in suids. However, wild suid species 
in Africa, such as warthogs (Phacohoerus aethiopicus), 
act as reservoir hosts for the virus but reportedly 
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We detected African swine fever virus (ASFV) from a 
wild boar in Singapore. In <72 hours, we confirmed and 
reported ASFV p72 genotype II, CD2v serogroup 8, and 
IGR-II variant by using a combination of real-time PCR 
and whole-genome sequencing. Continued biosurveil-
lance will be needed to monitor ASFV in Singapore.
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Figure. Phylogenetic analysis of African swine fever 
virus detected in a wild boar, Singapore, 2023. A) 
Analysis of p72 genotype. Roman numerals to the 
right indicate the respective genotypes; 10 of 24 
known genotypes are shown. B) Analysis of CD2v 
serogroups constructed by using the maximum-
likelihood method and Tamura-Nei model with 1,000 
bootstrap values in MEGA X software (https://www.
megasoftware.net). Only bootstrap values >70% 
are shown. Black squares indicate sample from this 
study (Singapore/NParks/A-MAM-2023-02-00021; 
GenBank accession number OR135685). GenBank 
accession numbers are provided for all reference 
sequences. Scale bars indicate nucleotide 
substitutions per site.



remain asymptomatic (1). The occurrence of ASF in 
affected countries has caused substantial economic 
losses in the swine industry, amounting to billions of 
US dollars globally (2).

ASF is caused by a large, enveloped DNA virus 
≈200 nm in diameter, and ASFV is the only member 
of the family Asfarviridae. The ASFV genome contains 
170–193 kb of double-stranded DNA (1); the observed 
range in genome size is primarily due to gain or loss 
of gene copies belonging to multigene families and 
variation within the number of tandem repeats in 
noncoding regions of the ASFV genome (3).

The absence of a safe and effective vaccine 
against ASFV and limited information on the spatial 
distribution of wild boar in Asia has restricted effec-
tive disease control measures and outbreak manage-
ment (4). We report detection of ASFV in a wild boar 
in Singapore.

A wild boar (S. scrofa) carcass was found in the 
northwestern part of the Singapore main island on 
February 5, 2023, and was submitted to the Centre for 
Animal and Veterinary Sciences for disease investiga-
tion. The extensive spread of ASF within the region 
(5,6), coupled with the necropsy findings of hemotho-
rax, hemoperitoneum, and widespread subcutane-
ous and pulmonary hemorrhage within the carcass, 
prompted us to include ASF as one of the key differ-
ential diagnoses. 

We obtained samples from 7 organs (liver, lung, 
heart, spleen, lymph nodes, kidney, and tonsil) and 
2 fluid samples (abdominal and thoracic fluids) from 
the carcass for virological analysis. In addition, we 
collected 2 adult ticks (1 male and 1 female) from the 
carcass and identified them as Dermacentor auratus 
ticks by DNA barcoding (7). As part of the disease in-
vestigation, we removed the residual host tissue from 
the ticks’ mouthparts before using the whole tick for 
nucleic acid extraction using the DNeasy Blood and 
Tissue Kit (QIAGEN, https://www.qiagen.com).

We extracted viral DNA from the 7 organ and 2 
fluid samples by using the IndiMag Pathogen Kit (In-
dical Bioscience GmbH, https://www.indical.com), 
according to the manufacturer’s guidelines. We de-
tected ASFV from the extracted nucleic acids from all 
11 (9 suid and 2 tick) samples by real-time PCR (1); 
cycle threshold values were 19.82–33.83.

We constructed an ASFV-positive library by 
using the LSK109 Ligation Sequencing Kit (Oxford 
Nanopore Technologies, https://nanoporetech.
com) and Illumina DNA Prep Kit (Illumina, https://
www.illumina.com). Then we performed whole-ge-
nome shotgun sequencing by using an R9.4.1 flow 
cell on the MinION (Oxford Nanopore Technologies)  

platform and the iSeq 100 (Illumina) platform, ac-
cording to the manufacturers’ specifications. We 
were able to retrieve full-length sequences from the 
wild boar samples but not from the tick samples. 
The overall sequence similarity from both platforms, 
based on an ungapped alignment to the reference 
ASFV sequence Georgia 2007/1 (GenBank accession 
no. FR682468.2), was 99.89%. We used SAMtools 
consensus version 1.17 and the default Bayesian 
counting (8) to merge the final ASFV sequence from 
both sequencing technology platforms. The merged 
sequence had 99.57% coverage and a mean depth of 
14.49. We deposited the full-length ASFV genome 
(190,148 nt) from this study into GenBank (accession 
no. OR135685).

Genotyping of the p72 gene and serotyping with 
90 nt from the EP402R gene have been used to char-
acterize ASFV strains to provide possible viral origins 
and differentiation between closely related strains (9). 
The Singapore ASFV strain was classified as geno-
type II, based on monophyly (Figure 1, panel A), and 
serogroup 8 (Figure 1, panel B). Compared with the 
reference sequence, FR682468.2, the Singapore strain 
also showed insertion of an additional 10-bp tandem 
repeat sequence (5′-GGAATATATA-3′) between the 
intergenic region of the I73R and I329L gene (10), 
which is consistent with ASFV sequences reported in 
the region as IGR-II variant (5,6).

The combination of real-time PCR and high-
throughput sequencing enabled rapid confirmation 
of the ASFV in Singapore within 72 hours of detec-
tion of the index carcass. We subsequently notified 
ASFV detection to WOAH on February 7, 2023, and 
Singapore initiated islandwide ASF control and man-
agement measures. 

In conclusion, we detected ASFV in a wild boar in 
Singapore. How and when the virus was introduced 
into the local wild boar population and the signifi-
cance of the D. auratus tick in ASFV transmission in 
Singapore remain to be determined. Further studies 
are ongoing to elucidate the effects of this ASF incur-
sion to the local wild boar populations. Continued 
biosurveillance will be needed to monitor ASFV in 
swine in Singapore. 
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When SARS-CoV-2 variants of concern were first 
described, the epidemiologic situation was 

characterized by sequential waves of Alpha, Beta, 
Gamma, and Delta variants, with relatively few other 
variants cocirculating with the dominant variant of 
concern of each wave (1). The epidemiologic situa-
tion shifted with the emergence of the Omicron vari-
ant (B.1.1.529) in November 2021 (2). Distinct Omi-
cron lineages rapidly emerged, causing successive, 
relatively narrow waves of infection associated with 
novel lineages that had pronounced immune escape 
and increased transmissibility (3).

The Global Action in Healthcare Network–
Healthcare-associated Infection (GAIHN-HAI) mod-
ule is a multinational network of healthcare facilities 
and laboratories developed by the Division of Health-
care Quality Promotion, National Center for Emerg-
ing and Zoonotic Infectious Diseases, US Centers for 
Disease Control and Prevention (Atlanta, GA, USA), 
to address emerging infectious disease threats in 
healthcare settings. The network began genomic sur-
veillance of SARS-CoV-2 lineages affecting healthcare 
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We describe substantial variant diversity among 23 de-
tected SARS-CoV-2 Omicron lineage viruses cocirculating 
among healthcare workers and inpatients (272 sequenced 
samples) from Porto Alegre, Brazil, during November 
2022–January 2023. BQ.1 and related lineages (61.4%) 
were most common, followed by BE.9 (19.1%), first de-
scribed in November 2022 in the Amazon region.


