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Interbacterial competition in 
the environment or the gut

Phage defensePathogenicity

Interactions of Salmonella Typhi in the environment 



Phages and Salmonella Typhi: a 
short history
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• Phages against Salmonella Typhi 
were reported in the 1930’s 

• 1950s, “Phage Typing” system was 
developed 

• 2010: Pickard et al sequenced 7 Typhi 
phages

• Use Vi as a receptor 
• Belonged to five different families



Isolating phages against Salmonella Typhi
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Jason Andrews Senjuti Saha

Collect environmental water
(Sewage, lakes, rivers, ponds, stagnant water)

Incubation with BRD948 
for phage enrichment

Lawn co-Culture over 
agar plate

Salmonella Typhi BRD948 is a laboratory strain of Typhi

Filtration to remove bacteria 
and large particles

0.22 µm

Phage plaques
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Isolation of phages

Dhaka Mirzapur Chittagong Total

N Total 
Collection Phages N Total 

Collection Phages N Total 
Collection Phages N Total 

Collection Phages

Total 67 212 83 4 316 5 23 275 25 94 803 113

Hooda et al medRxiv, 2023, Shreshta et al medRxiv 2023



Posters and oral talk
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Exploring Diversity and Environmental 
Dynamics of Salmonella Typhi and its 

Bacteriophages

Rathindranath Kabiraj, Abstract: 48

Mapping typhoid fever in Bangladesh 
using environmental surveillance

Al Amin, Abstract: 07

Development of low-cost environmental 
surveillance method for effective typhoid 

fever 

Shuborno Islam, Oral talk



What is diversity of phages in Salmonella Typhi?
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• Sequenced 14 phages 
from Bangladesh

• Compared this with 26 
phages from Nepal and 
6 phages from Pickard 
et al

• 3/5 families identified 
by Pickard circulating in 
Nepal and Bangladesh 



Are there differences between different genotypes in 
their phage susceptibility?
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Killed

Not 
killed

PHAGE 
ACTIVITY



Identification of an active BREX system in 4.3.1.3.Bdq
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AMR 
Transposase/replication
T4SS
BREX system
Primarily unknown

1. blaTEM-1 (ampicillin)
2. qnr (quinolone) 

pK91 plasmid



Identification of an active BREX system in 4.3.1.3.Bdq
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pK91 plasmid

AMR 
Transposase/replication
T4SS
BREX system
Primarily unknown

BREX system: 
- Discovered in 2015 (Sorek 

Lab)
- Phage defense system
- Found in bacteria and 

archaea  
- Not described in typhoidal 

Salmonella yet

Type IV Secretion 
System:
- Conjugative system
- DNA release/uptake 

system
- Effector system
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Salmonella Typhi BREX system is related to active 
BREX system in Escherichia fergusonnii

Nucleic Acids Res, Volume 49, Issue 19, 8 November 2021, Pages 11257–11273, https://doi.org/10.1093/nar/gkab906

https://doi.org/10.1093/nar/gkab906


BREX system is also found on the XDR strain of Salmonella Typhi
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Summary:
• Diverse set of Typhi phages were isolates from regions endemic for 

typhoid fever
• There is an active interaction between the phages and Typhi collected 

from the same geographical region
• Certain drug-resistant strains such as XDR (4.3.1.P1) and 4.3.1.3.Bdq 

lineages contain “active” phage-defense systems on the plasmids also 
carrying antimicrobial resistance genes 
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Phage defense systems may contribute to the fitness of Typhi, 
thereby affecting which lineages spread in a geographical location 
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How do Typhi phages affect Salmonella Typhi?

• Catchment area comprising of 7 
thanas around two large pediatric 
hospitals in Dhaka

• We have been collecting Typhi 
strains from this catchment area 
since 2016

• Selected 140 locations to sample 
phages per month 

• Identify correlation between 
Typhi/phage abundance



Temporal relationship between Phage positivity 
and Typhi positivity in an endemic setting

15Sadnane Hussain Pranto, Abstract: 93
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Jason Andrews, Stanford
Kesia D. Silva, Stanford

Thank You!!
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