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Common colonizer in human 

Gastrointestinal tract Reproductive tract 

https://doi.org/10.1086/338258

https://doi.org/10.1086/422321

Young healthy adults

20-40%

https://doi.org/10.1086/338258
https://doi.org/10.1086/422321


Portal of entry of GBS

Gastrointestinal tract Reproductive tract 

https://doi.org/10.1086/338258

https://doi.org/10.1086/422321

Food 

e.g. Piscine

Bloodstream 

https://doi.org/10.1086/338258
https://doi.org/10.1086/422321


160
GBS Cases 

ST283



TTSH

EID 2016 Vol 22, No. 11 Pg 1974-1977

Singapore MoH

EID 2016 Vol 22, No. 11, Pg 1970-1973

Number of subjects 
22

(9 ST283, 13 non-ST283)

40 

(19 ST283)

Period 
21 June – 21 Nov 2015

Epidemiologic week 25-46
1 June -14 July 2015

Risk factors 

1. Younger (59.4 yrs 74yr vs 77.5yr)

2. Less likely to have preexisting medical 

condition (33% vs 84.6% vs 90.8%)

3. Consumed raw or undercooked fish 2 

weeks prior before admission

1. Younger than non-ST283 (57.4 vs 68.6%)

2. Lower proportion ST283 had underlying 

medical condition vs non-ST283

3. Consumed fresh water fish before onset 

(mean 3.7 d, median 4 d)

Study type
Case-control study

1:3.5

Case-control

1:1.45

Control

1. TTSH inpatient with negative culture

2. Non-ST283 GBS

1. Household members or colleagues of 

case patient

2. Non-ST283 GBS



25th Jan 2015
2.8 bacteraemia per wk

5th July 2015
36.3 bacteraemia per wk

Clin Infect Dis, Volume 64, Issue suppl_2, 15 May 2017, Pages S145–S152, https://doi.org/10.1093/cid/cix021

408
Study subjects

35.8%
ST283

https://doi.org/10.1093/cid/cix021


ST283 GBS infection Non-ST283 GBS infection

Bacteraemia without focus
22.3% vs 23.5%, p=0.903Native joint septic arthritis

30.1% vs 5.0%, p <0.001

Meningitis / meningoencephalitis
19.9% vs 0, p<0.001

Spinal infection
8.2% vs 1.9%, p <0.005

Native valve endocarditis
10.3% vs 5%. p=0.064

Skin and soft tissue infection
18.5% vs 42%, p<0.001

Lower urinary tract infection
3.4% vs 11.8%, p=0.007



Singapore 2015 outbreak cluster

Sequences from fish 
(Asian bighead carp and grass carp)

Phylogenetic tree analysis based on core genome SNP

14 SNP

2015 human isolate differed by maximum
(except 1 isolate SG M261)

2.7 
SNP/Mbp/yr

Substitution rate



Singapore NEA and MoH issuing notice to ban freshwater fish in ALL RTE raw fish dish

Hong Kong

132X

Prohibition of sales of Chinese yusang



Singapore Hong Kong Worldwide 

Species of fish

大頭魚
Bighead carp

(Hypophthalmichthys 

nobilis)

生魚
Snakehead 

(Channa argus)

鯇魚
Grass carp

(Ctenopharyngodon

idella)

福壽魚
Tilapia

Oreochromis ssp

非洲鯽/羅非魚

Freshwater / 

seawater
Fresh water Fresh water Fresh water Fresh water /brackish water

Type of delicacy 

Yusheng (魚生)

Served with hot porridge at the side

Congee

Steamed with 

preserved vegetables

Hotpot 

Baked, steamed, pan fry 

https://seafood-guide.wwf.org.hk/zh/seafood-guide



Surveillance of GBS in food 

Country ST283 GBS Non-ST-283 GBS Reference 

Singapore

Freshwater fish 

(market 28.2%, RTE 14.3%, 

ports, 1%)

Freshwater fish

Saltwater fish

EID 2017 Vol 23, No. 12

1982-1990

Singapore Oyster 

Salmon ST1

Oyster ST1, ST10, ST24, ST1647

Surf clam ST1

Food Control 133 (2022) 

108625

Thailand

Vietnam 

Talipia (13) Edible frog (1) 

giant sea perch (1) catfish (1)

Talipia (38)

Talipia (15 ST7 and 1 ST500), giant sea perch (2 

ST7), Edible frog (1 ST7)

Talipia (3 CC522/ST1395, 3 CC7/ST7)

Pathogens 2023, 12, 525

Brazil Bullfrog (ST not specified)
J Wildlife Dis 1983 Vol

19, No. 3, 180-184

China Talipia (ST7)
Fish Sci 2011 77:623-

632

Kuwit

Fish (5 ST7, 2 ST257, ST260, ST259, ST258, 

ST261)

Dolphin (ST7)

Journal of Medical 

Microbiology (2008), 57, 

1369–1376



Typing of GBS



Classification of Streptococcus agalactiae typing method

Typing method Scientific basis Content Remarks 

Pre-genomic typing 

method 

Serotyping

Rabbit immune 

sera against 

substance C

10 major serotypes

Ia, Ib, II-IX
Classical phenotypic method

Ribotyping

RAPD

RFLP

PFGE

MLEE

Obsolete 

MLST

Sequencing of 7 

house keeping 

gene

11 CC

1962 ST

Ease of typing

Portability between labs

Reasonable resolution

Widely used 

Post-genomic era
Next generation 

sequencing 
SNP

High resolution

Determine SNP difference 



Streptococcus agalactiae genome

Molecular Microbiology (2002) 45 (6), 1499–1513

2M bp

>1900

7

Genome size

Protein-coding genes

MLST

Housekeeping genes





Multilocus sequence typing (MLST) scheme

Based on 7 house keeping genes

≥ 4 alleles match: same Clonal Complex (CC)

7 Alleles match: same Sequence type (ST)



CC Number of ST Examples 

CC1 450 ST 1, ST7

CC12 274 ST8, ST9, ST15

CC17 309 ST17, ST108

CC19 346 ST19, ST110

CC22 86 ST22, ST37

CC23 305 ST23

CC26 20 ST26, ST127, ST2001

CC283 19 ST11, ST283, ST491, ST1311

CC327 12 ST327, ST328, ST1711

CC452 49 ST452, ST24, ST322, ST1010

CC459 92 ST66, ST459, ST944

Total: 11 Clonal complex 1962 Sequence Type

Multilocus Sequencing Typing Scheme



First documented ST283 in Hong Kong in 1995



Local data on invasive GBS and ST283



0

10

20

30

40

50

60

70

80

90

100

110
2

00
5-

0
1

2
00

5-
0

4

2
00

5-
0

7

2
00

5-
1

0

2
00

6-
0

1

2
00

6-
0

4

2
00

6-
0

7

2
00

6-
1

0

2
00

7-
0

1

2
00

7-
0

4

2
00

7-
0

7

2
00

7-
1

0

2
00

8-
0

1

2
00

8-
0

4

2
00

8-
0

7

2
00

8-
1

0

2
00

9-
0

1

2
00

9-
0

4

2
00

9-
0

7

2
00

9-
1

0

2
01

0-
0

1

2
01

0-
0

4

2
01

0-
0

7

2
01

0-
1

0

2
01

1-
0

1

2
01

1-
0

4

2
01

1-
0

7

2
01

1-
1

0

2
01

2-
0

1

2
01

2-
0

4

2
01

2-
0

7

2
01

2-
1

0

2
01

3-
0

1

2
01

3-
0

4

2
01

3-
0

7

2
01

3-
1

0

2
01

4-
0

1

2
01

4-
0

4

2
01

4-
0

7

2
01

4-
1

0

2
01

5-
0

1

2
01

5-
0

4

2
01

5-
0

7

2
01

5-
1

0

2
01

6-
0

1

2
01

6-
0

4

2
01

6-
0

7

2
01

6-
1

0

2
01

7-
0

1

2
01

7-
0

4

2
01

7-
0

7

2
01

7-
1

0

2
01

8-
0

1

2
01

8-
0

4

2
01

8-
0

7

2
01

8-
1

0

2
01

9-
0

1

2
01

9-
0

4

2
01

9-
0

7

2
01

9-
1

0

2
02

0-
0

1

2
02

0-
0

4

2
02

0-
0

7

2
02

0-
1

0

2
02

1-
0

1

2
02

1-
0

4

2
02

1-
0

7

2
02

1-
1

0

2
02

2-
0

1

2
02

2-
0

4

2
02

2-
0

7

2
02

2-
1

0

2
02

3-
0

1

2
02

3-
0

4

2
02

3-
0

7

2
02

3-
1

0

2
02

4-
0

1

2
02

4-
0

4

2
02

4-
0

7

2
02

4-
1

0

H
ea

d
co

u
n

t

Year-Month

Monthly number of HA patients aged >=5 with GBS isolated in selected specimen types related to invasive infection
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Year-Week

C chart: Weekly number of GBS bacteremia cases in HA (Singapore paper definition)

μ+3σ (UCL) μ+2σ (UWL) μ+σ μ μ-σ μ-2σ (LWL) μ-3σ (LCL) Singapore definition (4-month (120 days))

Center line and warning/control limits were recalculated every year in week 1, based 
on the data of the previous 104 weeks (2 years).

37 bacteraemia/week

19 bacteraemia/week

10 bacteraemia/week

4-4.5



scpB-lmb

Key human virulence factor
C5a peptidase

Exclusively Detected in Thailand ST283 strains (13/13) 

NOT Detected: all ST7 isolates and Vietnamese ST283

What we already know:

1. Lack of fish-borne cases of human  ST7 reported

2. ST283 is the main cause of iGBS in Thailand

3. Lack of report of fish-borne ST283 iGBS in Vietnam



Invasive GBS with typing results (preliminary data, n = 87, 1 Aug–16 Sep 2024)

24

Non ST283 ST283*

Number of patients 14 (16%) 73 (84%)

Median age (range) 69.5 (0–95) 69 (35–95)

Sex Female 8 (57%) Female 38 (52%)

Cluster (top three) KWC 4 (29%)

NTEC 3 (21%)

HKWC 2 (12%); KCC 2 (12%)

KWC 23 (32%)

KCC 15 (21%)

HKEC 10 (14%); NTEC 10* (14%)

Specialty (top three) Medicine 6 (43%)

Orthopaedics 3 (21%)

O&G 2 (14%)

Medicine 42 (58%)

Orthopaedics 26 (36%)

AED 3 (4%)

First positive specimen Blood 12 (86%)

Joint fluid 2 (14%)

Blood 57 (78%)

Joint fluid 14 (19%)

Penicillin sensitivity of isolated GBS 100% (14/14) 100% (73/73)

Median time from admission to the first positive 

specimen collection

3.9 hours

(0.4 hours – 58.6 days)

4.1 hours

(0.45 hours – 6.6 days)

Ever to ICU/HDU 0 9 (12%)

Number of deaths 1 (7.1%) 3 (4.1%)

Median time from admission to death 33 days 3 days

* including 3 cases of Serotype III-4 (indicative of ST283) conducted by multiplex PCR



25

Initial presentation Non ST283 ST283*

Severe sepsis/septicaemia 10 (71%) 36 (49%)

Septic arthritis 3 (21%) 26 (36%)

Non-specific, e.g. undifferentiated fever 0 (0%) 2 (3%)

Others 1 (7%) 9 (12%)

Invasive GBS with typing results (preliminary data, n = 87, 1 Aug–16 Sep 2024)

* including 3 cases of Serotype III-4 (indicative of ST283) conducted by multiplex PCR



26

Invasive GBS with typing results (preliminary data, n = 87, 1 Aug–16 Sep 2024)

Non ST283

(n = 14)

ST283*

(n = 73)

With chronic medical illness 12 (86%) 45 (62%)

Diabetes mellitus 7 (50%) 25 (34%)

Immunocompromised 4 (29%) 4 (5%)

* including 3 cases of Serotype III-4 (indicative of ST283) conducted by multiplex PCR



4 Death cases with typing result available

27

Non ST283 (cc19) ST283

Age (years) 65 63 74 75

Sex M M M F

Past medical history
ESRF, Ca rectum, 

Cryptogenic liver cirrhosis

Ankylosing spondylitis, 

hyperlipidemia
Hypertension OA knee, hyperlipidemia

First positive specimen Blood Blood Blood Blood

Days from admission to the 

first positive specimen 

collection

0 day 0 day 1 day 0 day

Days from admission to death 26 days 0 day 3 days 3 days

Had contact with aquatic 

products
No Unknown

Yes

(Visited wet market and had 

fish contact)

Yes

(Visited wet market and had 

fish contact)

Initial presentation upon 

admission
Hypotension, turbid urine

Right knee pain with 

stiffness
Decrease GC Vomiting, fatigue, myalgia



Invasive Group B Streptococcus 
in Kowloon West Cluster Invasive GBS

PMH CMC YCH NLTH



Invasive GBS with typing results (preliminary data, n = 34, 1 Aug–16 Sep 2024)
Non ST283 ST283

Number of patients 5 (15%) 29 (85%)

Median age (range) 78 (31-95) 70 (49-95)

Sex Female 5 (100%) Female 18 (62%)

Specialty (top three) Medicine 3 (60%)

O&G 1 (20%)

EMW (20%)

Medicine 15 (52%)

Orthopaedics 7 (24%)

Surgery 4 (14%)

First positive specimen Blood 5 (100%) Blood 27 (93%)

Joint fluid 2 (7%)

Penicillin sensitivity of isolated GBS 100% (14/14) 100% (73/73)

Ever to ICU/HDU 0 7 (24%)

Number of deaths 0 1 (3.4%; died 3 days after admission)

Septic arthritis 0 10 (34%; 6 culture positive) 

Non-specific, e.g. undifferentiated fever 4 (80%) 13 (45%)

With septic shock on presentation 0 4 (14%)

Meningitis 0 2 (7%)

Good past health 0 8 (28%)

Diabetes mellitus 1 (20%) 5 (17%)

Immunocompromised 1 (20%) 2 (5%)



Learning points

• Need to think of infection despite there 
is absence of fever (sinus tachycardia)

• Do not easily attribute decreased 
sensorium to sepsis alone 

• Low threshold for lumbar puncture to 
rule out CNS infection if suspicious 
(decreased sensorium, confusion)

• Chose antibiotics that cross blood 
brain barrier with CNS dose promptly 
as patients can deteriorate rapidly

• Coadjunctive dexamethasone as part 
of an empiric therapy regimen at the 
same time of antibiotics administration 
(up to 12 hours)

Antibiotics (IV) Dosage (Adults with 
normal renal function)

Ampicillin 2 g every 4 hours
Penicillin G 4 million units 

every 4 hours 
Ceftriaxone 2 g every 12 hours 
Cefotaxime 2 g every 4-6 hours 
Vancomycin 15 – 20 

mg/kg/dose every 
8-12 hours 

https://www.uptodate.com/contents/dexamethasone-drug-information?search=bacterial+meningitis+corticosteroid&topicRef=1290&source=see_link


Learning points

• Patients with good past health are also affected
• Wounds may have healed upon presentation important to elicit 

contact history 
• Rapid downhill course requiring ICU care 
• Elicit eye symptoms (redness, pain, conjunctival injection, 

blurring of vision) and consult eye early 



Learning points

• Patients may have multiple joint involvements
• Beware of acute worsening of chronic joint pain/ back 

pain despite absence of fever
• In patients with persistent symptoms, consider early 

imaging and joint aspiration
• Early source control is advised 







0-2 SNPs
ST283 from 

8/2024-14/9/2024 

4 - 23 SNPs
ST283 from 2021 outbreak

2000 - 10000+ SNPs
Other ST

Whole genome sequencing for KWC isolates 

Reference genome from 
Singapore 2015

GBS from pregnant patient 9/2024

For 2024 ST283 isolates, all do not process 
tet(M)
while process common virulence genes 
reported



Health and Food Safety Advice



New paradigm for invasive GBS

History to elicit:
• Occupation (chef, wet market vendor)
• Visited wet market within past 1 week?
• Handled fish within past 1 week? What type of fish?
• Ate undercooked fish (hotpot)/ seafood within 
   past 1 week? (freshwater fish related; cross 
   contamination -> saltwater fish possible)



Take home messages
• Precautions when handling/consuming aquatic 

products
• Patients may present with severe sepsis 

without fever and specific symptoms 
• Important to elicit history of fish contact (also 

ask the family members) 
• Obtain blood culture before starting antibiotics  
• Watch out for deep seated infections such as 

CNS infection, septic arthritis, 
endophthalmitis, and endocarditis 

• Source control
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