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Dhaka city
Pop: ~14 million

Typhoid is a big problem



Dhaka city
Pop: ~14 million

o 913 per 100 000 person per year in Dhaka

• 242 per 100 000 person-years were hospitalized

o Highest incidence was among 2-4 years old children

Typhoid is a big problem



To utilize the vaccines effectively, 
we need accurate data

Blood Culture surveillance

• Sensitivity is ~ 60%

• Can be costly for majority of the patients

• Requires human enrollment

Considering Salmonella Typhi is a human restricted pathogen, shed in stool and 
transmitted by contaminated water

Might environmental surveillance be a supplementary method to estimate burden 
of Salmonella Typhi?



Environmental Surveillance
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Test environmental water 
samples for S. Typhi DNA

Typhoid cases shed 
S. Typhi in stool



Saha et al, AJTMH. 2019

Presence of S. Typhi DNA correlates with Typhoid burden



Limitations behind PCR-based molecular diagnostics

• Do not prove if viable bacteria is present

• No information on AMR

• Large amounts of water is needed 

Filtration of large amounts of water is cumbersome, hard to scale

• Requires molecular set up 

PCR, maintenance, technical skills, etc
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Test environmental water 
samples for S. Typhi DNA
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Environmental Surveillance

Dr. Jason Andrews
Stanford University, USA

Typhoid cases shed 
S. Typhi in stool

Funded by BMGF

Test environmental water 
samples for S. Typhi Phages



Sample collection & phage detection

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

Filtration to remove 
bacteria and large particles

0.22 µm

Incubation with BRD948 
for phage enrichment

Spin to remove debris

DLA method to lawnOvernight incubationDilute to isolate phages 
(check plaque morphology)

Hooda & Islam et al MedRxiv 2023,
Shrestha & Da Silva et al MedRxiv 2023

S. Typhi BRD948 = laboratory strain (Dr. Andrews Lab)



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



Bacteriophage detected
Bacteriophage not detected

Chittagong

Blood culture +% = 0.6% 
(n = 2,789) 

Phage +% = 8.4% 
(n = 275)

Typhi phages correlated with typhoid burden

Blood culture +% = 4.7% 
(n = 4,620) 
Phage +% = 31.8% 
(n = 212)

Dhaka

Blood culture +% = 0.1% 
(n = 3,788) 
Phage +% = 1.3% 
(n = 316)

Mirzapur



Phages in neighboring countries

Shrestha & Da Silva et al MedRxiv 2023



Location

S. Typhi BRD948
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Phages have diverse killing spectra

Plaques detected

Plaques not detected

BACTERIOPHAGE 
ACTIVITY

Dhaka , Bangladesh

Mirzapur , Bangladesh

LOCATION

Chittagong , Bangladesh



Takeaway

Credit: ameobasisters

• Good correlation between phage positivity vs clinical cases in an 

area

• Cost effective

Less than 10 mL of sewage water required

Less resources required 

• Phages can be a rapid and low-cost surveillance tool 

https://www.amoebasisters.com/


Future directions

• Expand the surveillance throughout Bangladesh

• Studying Typhi Dynamics in the environment

• Study the role of phages in the spread of drug-resistant S. Typhi



Exploring Diversity and Environmental 
Dynamics of Salmonella Typhi and its 

Bacteriophages

Rathindranath Kabiraj, Abstract: 48

Environmental surveillance to unravel the 
spatiotemporal dynamics 

of Salmonella Typhi bacteriophages in Dhaka

Sadnane Hussain Pranto, Abstract: 93

Mapping typhoid fever in Bangladesh 
using environmental surveillance

Al Amin, Abstract: 07





Jason Andrews, Stanford
Kesia D. Silva, Stanford

Thank You!!
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