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Group B Streptococcus Infections Caused 
by Improper Sourcing and Handling of Fish 
for Raw Consumption, Singapore, 2015–

2016 

Technical Appendix 

Materials and Methods 

Collection of Fish and Fish Tank Water Samples 

Samples from Eating Establishments 

Sliced fish samples (n = 328) from food stalls, restaurants, and snack bars were analyzed 

for microbiological safety and quality between freshwater and saltwater fish slices prepared by 

these retail eating establishments. Eating establishments linked to human cases (implicated 

establishments) and eating establishments that sold similar dishes but were not linked to human 

cases were included (control establishments). However, statistical analyses for implicated and 

control establishments were not performed because the number of samples from implicated 

establishments was small (26 food stall samples; 5 restaurant/snack bar samples). Limited 

samples were available because retailers were advised by health authorities to stop selling ready-

to-eat raw fish dishes containing Asian bighead carp and snakehead while the outbreak 

investigation was underway.  

Samples from Fresh Produce Markets and Sashimi Suppliers 

Although fresh produce markets refer to fish stalls at the ports and wet markets, as well 

as fresh produce sections of supermarkets that food stalls are known to procure fish from, 

sashimi suppliers refer to companies that local restaurants and snack bars are known to procure 

sashimi grade fish from. Fish parts or whole fish (n = 83) were analyzed for microbiological 

safety and quality for freshwater and saltwater fish sampled at these locations. Subsamples 

consisting of surface swab specimens, muscles, or organs, were obtained from each whole fish or 
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fish part sample and subjected to microbial analyses (online Technical Appendix Table 2). 

During sampling of fish at fresh produce markets, samples of water in which live freshwater fish 

were kept were also collected. Microbial safety and quality of water were analyzed to assess their 

potential to cause cross-contamination among live fish in the market. 

Samples from Ports 

A total of 586 whole freshwater fish samples and 98 holding water samples were 

collected at ports in Singapore. These samples were tested for group B Streptococcus (GBS), 

GBS serotype III, and GBS sequence type (ST) 283. 

Transport of Samples 

Whole fish and fish part samples were purchased in their original packaging; sliced fish 

were collected in sterile bags, and fish tank water samples were collected in sterile bottles. All 

samples were transported on ice, kept refrigerated in laboratories, and analyzed on the day of 

collection. 

Testing of Samples 

Microbiological testing of fish and fish tank water samples was performed by 3 

laboratories: the Environmental Health Institute (EHI) of the National Environment Agency, the 

Veterinary Public Health Laboratory of the Agri-Food and Veterinary Authority of Singapore 

(AVA), and an accredited commercial laboratory. The Veterinary Public Health Laboratory 

performed testing for GBS in whole fish and fish tank water samples collected from ports, and 

EHI performed testing for GBS on all other samples. Standard plates counts (SPCs) for 

Escherichia coli, Staphylococcus aureus, Listeria  monocytogenes, Salmonella spp., Vibrio 

cholerae, and V. parahaemolyticus from fish slices collected from eating establishments was 

performed by an accredited commercial laboratory. SPCs for E. coli, S. aureus, Aeromonas spp., 

L. monocytogenes, Salmonella spp., V. cholerae, and V. parahemolyticus in whole fish and fish 

parts collected from ports, wet markets, supermarkets, and sashimi suppliers was performed by 

EHI. S. aureus, Salmonella spp., V. cholerae, and V. parahaemolyticus isolated by EHI and the 

accredited commercial laboratory were further characterized at EHI. 
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GBS Analysis 

Fish and fish tank water samples collected from ports were analyzed by Agri-Food and 

Veterinary Authority of Singapore by using a proprietary method that involved screening for 

GBS and GBS serotype III with a multiplex PCR method and isolation of viable GBS ST283 by 

culture method. GBS analyses on all other samples were conducted at EHI by using a modified 

protocol (1). Each fish surface swab sample was prepared by applying a premoistened sponge 

swab (3M Company, Maplewood. MN, USA) onto the entire surface area of each whole fish or 

fish part sample. The sponge swab was then suspended in 9 mL of Todd Hewitt broth 

(Acumedia, Lansing, MI, USA) containing colistin sulfate (7.5 g/mL) and nalidixic acid (5 

g/mL) and homogenized by using a Stomacher (model 400; Seward Medical, Worthing, UK) 

with a paddle speed of 230 rpm for 30 s. A total of 25 g each of fish muscle sample, fish organ 

composite sample, and sliced fish sample was homogenized with 225 mL of Todd Hewitt broth 

containing antimicrobial drugs by using a Stomacher. 

Each 500-mL fish tank water sample was concentrated by using membrane filtration with 

sterile 0.45-m pore size filters made of mixed cellulose esters (Merck Millipore, Darnstadt, 

Germany). Membranes were then suspended in 20 mL of Todd Hewitt broth containing 

antimicrobial drugs. Homogenized aliquots and membranes were incubated at 37°C for 24 h. 

Secondary enrichment was performed by transferring 1 mL of the enriched Todd Hewitt broth to 

5 mL brain heart infusion broth (Acumedia) and incubating at 37°C for 24 h. Nucleic acids were 

extracted from enriched brain heart infusion broth and selected preenriched sample suspensions 

in Todd Hewitt broth containing antimicrobial drugs by using a method described (2). 

GBS was detected by using a singleplex PCR specific for the dltR gene (3). All GBS 

PCR-positive samples were cultured to obtain viable isolates. Culture involved plating of 100 L 

of serially diluted (0–105 dilutions) enriched brain heart infusion broth onto Brilliance GBS Agar 

(Thermo Fisher Scientific, Darmstadt, Germany) and incubating the agar at 37°C for 24 h. 

Presumptive mauve colonies were confirmed as GBS by serologic analysis using the 

Streptococcal Grouping Kit (Oxoid, Basingstoke, UK) according to the manufacturer’s 

instructions. 

Although 103 of 522 enriched samples tested by EHI were positive for GBS by PCR, 

only 35 of these samples yielded GBS isolates when plated on chromogenic agar; GBS was not 



 

Page 4 of 16 

recovered from the other 68 PCR-positive samples. A high background flora could have masked 

GBS in these 68 enriched samples. This masking is supported by the observation that of the 68 

isolate-negative samples, 57 initially showed PCR-negative results, but then showed PCR-

positive results after a 2-day enrichment. This change in results indicated low amounts of GBS in 

the original samples. Presampling manipulation, such as freezing, could have also contributed to 

the low yield. 

Because recovery of viable isolates was not always successful for GBS PCR-positive 

samples, the enriched broth of these samples was further screened for GBS serotype III by using 

published primers (4). This screening was performed to estimate the highest possible 

contamination rate of GBS serotype III ST283 in fish. 

A total of 84 GBS isolates were characterized by using serotyping, multilocus sequence 

typing (MLST), and whole-genome sequencing methods. Serotyping of GBS isolates was 

performed by using the IMMULEX STREP-B Antisera Set (Staten Serum Institut Diagnostica, 

Hillerød, Denmark) according to the manufacturer’s instructions. Results were confirmed by 

using a published multiplex PCR protocol (5). MLST was performed by using published primers 

and Sanger sequencing (6). Aligned nucleotide sequences of amplified products were compared 

with sequences in the PubMLST Streptococcus agalactiae Database 

(http://pubmlst.org/sagalactiae/) for identification of sequence types. 

Whole-genome sequencing was performed by the Genome Institute of Singapore and the 

Agency for Science, Technology and Research by using a NextSeq 500 sequencer (Illumina, San 

Diego, CA, USA) according to protocols described (7). A total of 1 mL of each GBS overnight 

culture in brain heart infusion broth was centrifuged, and the pellet of bacterial cells was lysed 

by using enzymatic lysis buffer at 37°C for 45 min, followed by extraction using the DNeasy 

Blood and Tissue Kit (QIAGEN, Valencia, CA, USA) according to the manufacturer’s 

instructions. Genomic DNA shearing was performed by using an M220 Focused Ultrasonicator 

(Covaris, Woburn, MA, USA), and library preparation was performed by using the TruSeq Nano 

DNA LT Library Prep Kit Pooled libraries (Illumina). Samples were then sequenced by using a 

NextSeq 500 sequencer with 2 × 151-bp reads. All sequencing data are available in GenBank 

under BioProject PRJNA293392. 
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Sequence Analysis 

All primary sequence analysis was performed by the Genome Institute of Singapore with 

the Efficient Rapid Microbial Sequencing Platform. Reference-based analyses were performed 

by using the SG-M1 genome (8) as a reference. FASTQ files were mapped by using Burrows-

Wheeler Aligner version 0.7.10 software (9). Indel realignment and single-nucleotide 

polymorphism (SNP) calling was performed by using  Lofreq* version 2.1.2 with default 

parameters (10). Maximum-likelihood SNP trees (ignoring indels) of GBS ST283 strains were 

created by using SNPhylo (11). Neighbor-joining trees of all GBS strains were created by using 

APE version 3.5 (12). All phylogenetic trees were visualized with GGTREE version 3.2 (13) in 

R version 3.2.2 (https://www.R-project.org). Publicly available sequences of GBS were 

downloaded from the GenBank Short Read Archive (for Illumina datasets; 

http://www.ncbi.nlm.nih.gov/sra) and the Genbank FTP site (for assembled genomes; 

https://www.ncbi.nlm.nih.gov/genome/genomes/186?). MLST and resistance gene predictions 

were made by using SRST2 version 0.1.8 (14) for Illumina sequenced strains or manually by 

using BLASTN (15) for fully assembled reference sequences, the recommended MLST database 

(http://pubmlst.org/sagalactiae/) (16), and the ARGannot resistance gene database (17) included 

with SRST2. 

SPCs and E. coli and S. aureus Counts 

The protocols used by EHI are described below. Each fish surface swab sample was 

prepared by applying a premoistened sponge swab onto a 10 cm × 10 cm surface area of each 

fish part or whole fish sample. The sponge swab was then suspended in 9 mL Butterfield buffer 

and homogenized by using a Stomacher. A total of 25 g of each fish muscle and sliced fish 

sample was homogenized with 225 mL of universal preenrichment broth (Acumedia) by using a 

Stomacher. Each 500-mL fish tank water sample was concentrated by membrane filtration using 

0.45-m pore size filters and suspended in 20 mL of universal preenrichment broth. SPCs and E. 

coli and S. aureus counts were determined performed according to described methods (18). The 

presence of the methicillin resistance gene and enterotoxin-producing genes (sea, seb, sec, sed, 

see, seg, seh, sei, sej, and sel) of 18 S. aureus isolates from 17 fish was determined by using 

published primers (19–21). 
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Detection of Aeromonas spp., Listeria monocytogenes, Salmonella spp., Vibrio cholerae, and V. 

parahaemolyticus 

Each fish surface swab sample was prepared by applying a premoistened sponge swab 

onto the entire surface area of each fish part or whole fish sample. The sponge swab was then 

suspended in 9 mL of universal preenrichment broth and homogenized by using a Stomacher. All 

stomached aliquots (surface swab specimens, fish muscle, fish organs, sliced fish) resuspended 

in universal preenrichment broth were incubated at 37°C for 24 h for detection of Aeromonas 

spp. (A. caviae, A. hydrophila, and A. sobria), L. monocytogenes, Salmonella spp., V. cholerae, 

and V. parahaemolyticus. A 10-L loopful of an enriched culture in universal preenrichment 

broth was subcultured onto starch-ampicillin agar (Himedia, Mumbai, India), PALCAM agar 

(Acumedia), and xylose-lysine-desoxycholate (XLD) agar (Oxoid) for isolation of Aeromonas 

spp., L. monocytogenes, and Salmonella spp.; and onto thiosulfate-citrate-bile salt-sucrose agar 

(Acumedia) for isolation of and V. cholerae and V. parahaemolyticus. All selective agars were 

incubated at 37°C for 24 h, except for PALCAM agar, which was incubated at 37°C for 48 h. 

After incubation, colonies on starch-ampicillin agar were flooded with diluted (1:20) 

iodine solution (Oxoid) to detect colonies with zones of clearance. Presumptive Aeromonas spp. 

colonies were streaked onto tryptic soy agar (Acumedia) for purification and biochemical 

confirmation by using API 20 E (bioMérieux, Marcy l’Étoile, France). Presumptive gray–green 

colonies surrounded by dark halos on PALCAM agar were picked for identification of L. 

monocytogenes by using a Listeria genus–specific PCR and a L. monocytogenes species–specific 

PCR that targeted the prs gene (22) and the inlA gene (23). 

All other bacteria isolates, Salmonella spp. (n = 2), V. cholerae (n = 16), and V. 

parahaemolyticus (n = 6), were verified biochemically by using described methods (18). 

Sequence types of Salmonella spp. isolates were determined by using primers and Sanger 

sequencing, as well as comparison of sequences in the MLST database 

(http://mlst.warwick.ac.uk/mlst/dbs/Senterica/documents/primersEnterica_html).  Sixteen V. 

cholerae isolates from 9 fish and 1 fish tank water samples were screened for virulence genes 

(ctxA, ctxB, and tcpA) by using published primers (24–26). Six V. parahaemolyticus isolates 

from 5 fish samples were screened for virulence genes (tdh, trh1, and trh2) by using published 

primers (27,28). Nucleic acids of all bacterial isolates, including GBS, were extracted by using 

the DNeasy Blood and Tissue Kit (QIAGEN). Amplified product sizes were analyzed by using 



 

Page 7 of 16 

the QIAxcel DNA Screening Kit (QIAGEN) or the QIAxcel DNA High Resolution Kit 

(QIAGEN) as appropriate. 

SPCs in Fish Pieces before and after Rinsing 

We analyzed 21 sets of saltwater fish muscle samples to determine if SPC could be 

reduced by rinsing with water. Each set of samples consisted of 2 muscle pieces (each 5 cm × 5 

cm × 1 cm). One piece served as a control (before rinsing), and the other piece was rinsed with 

500 mL of sterile water. We analyzed fish muscle samples for SPCs according a described 

method (18). 
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Technical Appendix Table 1. Characteristics of freshwater and saltwater fish tested during investigation of group B Streptococcus 
infections, Singapore, 2015–2016 

Sampling location Type of sample 
No. 

samples Type of fish collected 

Noneating establishment    
 Port Whole fish 586 Freshwater fish sold as Asian bighead carp 

(Hypophthalmichthys nobilis), grass carp 
(Ctenopharyngodon idella), Pangasius dory 

(Pangasius spp.), snakehead (Channa spp.), and 
tilapia (Oreochromis spp.) 

 Fresh produce markets (fish stalls at 
ports and wet markets and fresh produce 
sections of supermarkets) 

Whole fish, fish 
parts 

39 Freshwater fish sold as Asian bighead carp, 
snakehead-toman (C. micropeltes), snakehead-

haruan (C. striata), silver carp (Hypophthalmichthys 
molitrix), and tilapia 

 Fresh produce markets (fish stalls at 
ports and wet markets and fresh produce 
sections of supermarkets) 

Whole fish, fish 
parts 

23 Saltwater fish sold as mackerel tuna (Euthynnus 
affinis), ribbonfish (Trichiurus spp.), salmon (Salmo 

salar), and wolf herring (Chirocentrus spp.) 
 Sashimi suppliers* Whole fish, fish 

parts 
21 Saltwater fish sold as salmon and tuna (Thunnus 

spp.) 
Eating establishment    
 Food stalls in (in hawker centers, coffee 
shops,and eating houses)  

Sliced fish 25 Freshwater fish sold as Asian bighead carp, grass 
carp, Pangasius dory, and snakehead 

 Food stalls in (in hawker centers, coffee 
shops,and eating houses) 

Sliced fish 21 Saltwater fish sold as salmon and Spanish mackerel 
(Scomberomorus spp.), and wolf herring. 

 Restaurants and snack bars* Sliced fish 282 Saltwater fish sold as salmon, tuna, and taï† 
*These locations did not sell freshwater fish meant for raw consumption. 
†Generally refers to red sea bream (Pagrus major) in authentic Japanese cuisine, but it can be substituted with other fish by retailers in Singapore. 

 
 
 
Technical Appendix Table 2. Testing of subsamples during investigation of group B Streptococcus infections, Singapore, 2015–
2016* 

Characteristic 

Purpose of testing 

Detection of organism 
implicated in outbreak 

Detection of food safety 
indicators 

Detection of food 
hygiene indicators 

Measurement of 
total microbial load 

in food 

Testing parameter GBS, GBS, serotype 
III, and GBS ST283  

Aeromonas spp. (A. caviae, 
A. hydrophila, and A. 

sobria); Listeria 
monocytogenes; Salmonella 
spp.; Vibrio cholerae and V. 

parahaemolyticus   

Escherichia coli and 
Staphylococcus 
aureus counts 

Standard plate 
count 

Type of sample     
 Whole fish, fish parts     
 Organs (brain, eyes, spleen, 
or kidneys) 

Yes No No No 

 Surface swab specimen Yes Yes† Yes† No 
 Muscle Yes Yes† Yes† Yes† 
 Sliced fish Yes Yes‡ Yes Yes 
 Water Yes Yes‡ Yes Yes 
*GBS, group B Streptococcus; ST, sequence type. 
†These parameters were tested on whole fish/fish part samples collected at only fresh produce markets and sashimi suppliers; whole fish samples 
collected from ports were excluded. 
‡All food safety indicators were tested except for Aeromonas spp. 
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Technical Appendix Table 3. Characteristics of group B Streptococcus isolates from fish and water samples, Singapore, 2015–2016* 

Sample ID 

No. isolates 
analyzed Sample description Type of sample 

Sold as RTE 
dish Sampling site† 

Sold as 
freshwater fish Serotype ST 

Antimicrobial 
drug resistance 

gene‡ 

SGEHI2015–63§ 2 Fish parts (slab) sold as 
snakehead-toman 

Muscle No Wet market stall Yes Ia 7 – 

SGEHI2015-IV87 2 Sliced fish sold as  salmon Muscle Yes (sashimi) Restaurant/snack 
bar 

No Ia 7 – 

SGEHI2015-IV170 2 Sliced fish sold as taï 
(tilapia)¶ 

Muscle Yes (sashimi) Restaurant/snack 
bar 

No Ia 7 – 

SGEHI2015–49§ 1 Fish parts (slab) sold as 
snakehead-toman 

Surface swab No Wet market stall Yes Ia 23 tetM 

SGEHI2015–50§ 1 Fish parts (slab) sold as 
snakehead-toman 

Muscle No Wet market stall Yes Ia 23 tetM 

SGEHI2015–243 10 Whole fish sold asmackerel 
tuna 

Surface swab No Fish stall (port) No Ia 23 lsaC, tetM 

SGEHI2015-IV89 5 Sliced fish sold as tuna Muscle Yes (sashimi) Restaurant/snack 
bar 

No Ia 103 tetO# 

SGEHI2015-IV211 2 Sliced fish sold as tuna Muscle Yes (sashimi) Restaurant/snack 
bar 

No Ia 103 – 

SGEHI2015-IV232 2 Sliced fish sold as salmon Muscle Yes (lo-hei) Restaurant/snack 
bar 

No Ia 103 – 

SGEHI2015–77§ 1 Fish part (slab) sold as 
snakehead-toman 

Muscle No Wet market stall Yes II 28 tetM 

SGEHI2015-II47 1 Sliced fish sold as grass 
carp 

Muscle Yes (yusheng) Food stall Yes II 652 tetL, tetM 

LG01 1 Whole fish sold as Asian 
bighead carp 

Organs No Port Yes III 283 – 

LG02 1 Whole fish sold as Asian 
bighead carp 

Muscle No Port Yes III 283 – 

LG03 1 Whole fish sold as Asian 
bighead carp 

Surface swab No Port Yes III 283 – 

LG04 1 Whole fish sold as Asian 
bighead carp 

Surface swab No Port Yes III 283 – 

LG05 1 Whole fish sold as Asian 
bighead carp 

Surface swab No Port Yes III 283 – 

LG06 1 Whole fish sold as Asian 
bighead carp 

Organs No Port Yes III 283 – 

LG07 1 Water for holding live 
freshwater fish 

NA NA Port NA III 283 – 

LG08 1 Water for holding live 
freshwater fish 

NA NA Port NA III 283 – 

LG09 1 Water for holding live 
freshwater fish 

NA NA Port NA III 283 – 

LG10 1 Water for holding live 
freshwater fish 

NA NA Port NA III 283 – 

LG11 1 Water for holding live 
freshwater fish 

NA NA Port NA III 283 – 
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Sample ID 

No. isolates 
analyzed Sample description Type of sample 

Sold as RTE 
dish Sampling site† 

Sold as 
freshwater fish Serotype ST 

Antimicrobial 
drug resistance 

gene‡ 

LG12 1 Water for holding live 
freshwater fish 

NA NA Port NA – 

SGEHI2015-
NWC941§ 

3 Sliced fish sold as grass 
carp 

Muscle Yes (yusheng) Food stall Yes III 283 – 

SGEHI2015–107§ 1 Whole live fish sold as 
snakehead-haruan 

Muscle No Wet market stall Yes III 283 – 

SGEHI2015–95§ 1 Fish part (slab) sold as 
silver carp 

Muscle No Supermarket Yes III 283 – 

SGEHI2015–22§ 2 Fish part (tail) sold as 
Asian bighead carp 

Muscle No Fish stall (port) Yes III 283 – 

SGEHI2015–25§ 1 Fish part (head) sold as 
Asian bighead carp 

Muscle No Fish stall (port) Yes III 283 – 

SGEHI2015–51§ 1 Fish part (head) sold as 
Asian bighead carp 

Surface swab No Supermarket Yes III 283 – 

SGEHI2015–31§ 4 Fish part (slab) sold as  
snakehead-toman 

Muscle No Fish stall (port) Yes III 283 – 

SGEHI2015–57§ 1 Whole fish sold as black 
tilapia 

Muscle No Wet market stall Yes III 283 – 

SGEHI2015–101§ 1 Whole fish sold as black 
tilapia 

Muscle No Wet market stall Yes III 283 – 

SGEHI2015–113§ 1 Whole fish sold as black 
tilapia 

Muscle No Supermarket Yes III 283 tetM 

SGEHI2015–114§ 1 Whole fish sold as black 
tilapia 

Organs No Supermarket Yes III 283 tetM 

SGEHI2015–29§ 2 Whole fish sold as red 
tilapia 

Organs No Fish stall (port) Yes III 283 – 

SGEHI2015–59§ 1 Whole fish sold as black 
tilapia 

Surface swab No Wet market stall Yes III 283 – 

SGEHI2015–60§ 1 Whole fish sold as black 
tilapia 

Muscle No Wet market stall Yes Ia 24 tetM 

SGEHI2015-II33 1 Sliced fish sold as 
snakehead 

Muscle Yes (yusheng) Food stall Yes III 335 tetM 

SGEHI2015-IV45 5 Sliced fish sold as taï 
(tilapia)¶ 

Muscle Yes (sashimi) Restaurant/snack 
bar 

No III 651 ermB, tetL 

SGEHI2015-IV118 2 Sliced fish sold as salmon Muscle Yes (sashimi) Restaurant/snack 
bar 

No III 861 lsaC, msrD, tetO 

SGEHI2015-IV100 3 Sliced fish sold as salmon Muscle Yes (sashimi) Restaurant/snack 
bar 

No V, Ia 1, 485 tetM 

SGEHI2015-IV104 2 Sliced fish sold as salmon Muscle Yes (sashimi) Restaurant/snack 
bar 

No V 1 tetM 

SGEHI2015-II55 2 Sliced fish sold as wolf 
herring 

Muscle Yes (yusheng) Food stall No V 1 tetM 

SGEHI2015-II56 1 Sliced fish sold as Asian 
bighead carp 

Muscle No Food stall Yes V 1 tetM 

SGEHI2015-IV74 1 Sliced fish sold as salmon Muscle Yes (sashimi) Restaurant/snack 
bar 

No VII 1 tetM 
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Sample ID 

No. isolates 
analyzed Sample description Type of sample 

Sold as RTE 
dish Sampling site† 

Sold as 
freshwater fish Serotype ST 

Antimicrobial 
drug resistance 

gene‡ 

SGEHI2015-IV72 2 Sliced fish sold as salmon Muscle Yes (sashimi) Restaurant/snack 
bar 

No VII 1 tetM, tetO 

SGEHI2015-IV132 2 Sliced fish sold as salmon Muscle Yes (sashimi) Restaurant/snack 
bar 

No V 24 tetM 

SGEHI2015-IV227 1 Sliced fish sold as wolf 
herring 

Muscle Yes (lo-hei) Restaurant/snack 
bar 

No VI 167 tetM 

*NA, not applicable; RTE, ready-to-eat; ST, sequence type; lo-hei, Lunar New Year festive dish consisting of raw fish slices served with raw vegetables and condiments; yusheng, Chinese style sliced raw fish 
dish served separately with porridge. 
†Food stalls refer to stalls housed within larger eating establishments that include hawker centers, coffee shops, and eating houses. Supermarkets refer to fresh produce sections of supermarkets and exclude 
sashimi and sushi counters of supermarkets.  

‡–, no genes encoding resistance from the ARGannot database (including those acting on aminoglycosides, β-lactams, colistin, fosfomycin, fluoroquinolones, glycopeptides, macrolides, lincosamide, 
streptogramines, phenicols, rifampin, sulfonamides, tetracyclines, and trimethoprim) were detected by SRST2 from the genome sequencing data. 
§Isolates also described in a study (7) on the analysis of clinical, epidemiologic, and bacterial sequencing data obtained during investigation of group B Streptococcus infections. 
¶Fish identified as tilapia (Oreochromis spp.) by using the DNA barcoding method (29). 
#Gene encoding resistance to tetracycline (tetO) was detected in 3 of the 5 isolates. 
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Technical Appendix Figure 1. Group B Streptococcus infections caused by handling and consumption 

of raw fish, Singapore, 2015–2016. SPC of fish muscle before and after rinsing with water. Dashed 

horizontal line indicates regulatory limit of Singapore for SPCs in ready-to-eat foods (<5 log10 CFU/g) (30). 

Top and bottom of boxes in plots indicate 25th and 75th percentiles, horizontal lines indicate medians, 

and error bars indicate minimum and maximum values. Open circles indicate outliers. NS, not significant 

(p>0.05); SPC, standard plate count; SG, Singapore government.  
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Technical Appendix Figure 2. Group B Streptococcus infections caused by handling and consumption 

of raw fish, Singapore, 2015–2016. Global phylogenetic tree (neighbor-joining tree) with SNPs relative to 

the SG-M1 reference genome for 1,369 GBS strains. Red circles indicate strains isolated from fish and 

fish tank water samples sequenced during this study. Blue circles indicate complete publicly available 

genome sequences. All other strains are sequences from the GenBank Short Read Archive. Vertical 

black bars indicate CCs (31) and STs. Black arrows indicate several relatively rare fish strains from this 

study that fall outside the major CCs and have relatively few neighboring publicly available sequences. 

Seventeen of these strains (just below CC17) are placed among a set of strains that are more likely not to 

have come from humans (fish and camel strains). CC, clonal complex; GBS, group B Streptococcus; 

SNPs, single-nucleotide polymorphisms; ST, sequence type. 


