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ABSTRACT This report presents near-complete genome sequences of 14 bacterioph­
ages that infect Salmonella Typhi, identified through environmental surveillance in 
Bangladesh between August 2021 and June 2022. The bacteriophages, belonging to 
the genera Kayfunavirus, Macdonaldcampvirus, and Teseptimavirus, exhibit high degrees 
of sequence similarity and conserved genetic features with previously reported Typhi 
bacteriophages.
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S almonella enterica serovar Typhi causes typhoid fever and remains a major public 
health concern in low- and middle-income countries (1). Historically, Salmonella 

Typhi-specific bacteriophages were used to characterize strains of Salmonella Typhi 
(2–4). Despite a decline in their use post-1980s, recent findings from Nepal (5) and 
Bangladesh (6) confirmed the persistence and genomic diversity of Typhi phages in 
endemic settings. This study reports sequences of 14 Typhi phages isolated in Bangla­
desh, expanding the global database.

Here, bacteriophages were isolated from surface water samples (Table 1) using 
Salmonella Typhi BRD948 strain grown at 37°C as the host, as described previously (6). 
Briefly, phages were amplified from single plaques, and pure phage lysates were treated 
with DNase, RNase, and Proteinase K, followed by genomic DNA extraction using the 

FIG 1 Phylogenetic tree of Salmonella Typhi bacteriophages. The 14 phages (highlighted in red) 

sequenced in this study were contextualized against 7 phages from the USA (13), Canada, and Germany 

(14) and 26 phages from Nepal (5). The genus, location, and year of isolation for the phage sequences 

are also shown. (A) Tail-fiber nucleotide sequences and (B) terminase nucleotide sequences of respective 

phages were extracted separately. These sequences were aligned, and separate phylogenetic trees were 

generated using Clustal Omega (online) (11). The resulting trees were visualized with iTOL (version 6.0) 

(15).
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QIAamp DNA Mini Kit (Qiagen, Germany). Sequencing libraries were prepared using the 
NEBNext Ultra II FS DNA Library Prep Kit (MA, USA) and sequenced on Illumina iSeq100 or 
NextSeq2000 platforms with 150-bp paired-end reads (7) (Table 1).

The quality of the sequencing reads was assessed using FastQC (version 0.11.5). 
Adapter sequences were trimmed using Trimmomatic (version 0.39) before assembled 
into single contig using Unicycler (version 0.4.9) (8). Assembled genomes were used for 
genus identification with Kraken2 (version 2.1.2) (9) and for protein function annotation 
with Pharokka (version 1.2.1) (10). The tail fiber and terminase genes were individually 
extracted for comparison of all Typhi phage genomes sequenced globally to date using a 
Biopython script (https://github.com/CHRF-Genomics/Phage_Analysis). These sequences 
were then aligned using Clustal Omega (11), and two separate phylogenetic trees were 
generated for each gene. All tools were run with default parameters.

All assembled phages resulted in near-complete genomes with an average coverage 
depth of over 1,000×, assessed using QUAST (version 5.2) (12). Of the 14 phages, 10 
phages belong to the Kayfunavirus genus with 60–65 open reading frames (ORFs), 2 were 
categorized under Macdonaldcampvirus with 84–87 ORFs, and the remaining 2 under 
Teseptimavirus, containing 53–56 ORFs (Table 1).

The phages sequenced in this study from Bangladesh were compared with 26 phages 
from Nepal (5) and 7 phages from the USA (13), Canada, and Germany (14). The majority 
of the phages from both Nepal and Bangladesh were identified as Kayfunavirus, covering 

TABLE 1 Details of the 14 bacteriophages sequenced in this studya,b

Sample ID Accession no./
(SRA accession no.)

Date of 
collection 
(DD/MM/YYYY)

Sample location in Bangladesh 
(Latitude longitude)

Sample 
source

Size in bp
(ORFs)

Genome 
coverage
(G + C%)

Genus

CHRF_PH_0001 PQ336901
(SRR28112640)

21/08/2021 Dhaka (23.76 N 90.39 E) Sewage 39,761
(65)

1,046×
(51%)

Kayfunavirus

CHRF_PH_0002 PQ336902
(SRR28112639)

21/08/2021 Dhaka (23.75 N 90.40 E) Lake 45,880
(87)

2,245×
(46%)

Macdonaldcampvi­
rus

CHRF_PH_0003 PQ336903
(SRR28112634)

21/08/2021 Dhaka (23.75 N 90.40 E) Lake 37,939
(58)

273×
(51%)

Kayfunavirus

CHRF_PH_0004 PQ336904
(SRR28112633)

22/08/2021 Dhaka (23.82 N 90.34 E) Lake 38,164
(53)

1,013×
(49%)

Teseptimavirus

CHRF_PH_0005 PQ336905
(SRR28112632)

22/08/2021 Dhaka (23.86 N 90.36 E) River 38,546
(56)

881×
(49%)

Teseptimavirus

CHRF_PH_0006 PQ336906
(SRR28112631)

23/08/2021 Dhaka (23.77 N 90.36 E) Sewage 44,975
(84)

1,174×
(46%)

Macdonaldcampvi­
rus

CHRF_PH_0007 PQ336907
(SRR28112630)

23/08/2021 Dhaka (23.76 N 90.36 E) Sewage 39,928
(63)

884×
(51%)

Kayfunavirus

CHRF_PH_0009 PQ336908
(SRR28112629)

03/11/2021 Mirzapur (24.11 N 90.10 E) Stagnant 
water

39,181
(61)

18,097×
(51%)

Kayfunavirus

CHRF_PH_0011 PQ336909
(SRR28112628)

09/11/2021 Mirzapur (24.12 N 90.15 E) Pond 38,099
(61)

11,083×
(51%)

Kayfunavirus

CHRF_PH_0012 PQ336910
(SRR28112627)

08/01/2022 Chattogram (22.38 N 91.81 E) Sewage 40,368
(65)

9,607×
(51%)

Kayfunavirus

CHRF_PH_0013 PQ336911
(SRR28112638)

17/01/2022 Chattogram (22.35 N 91.85 E) Sewage 39,889
(60)

6,989×
(51%)

Kayfunavirus

CHRF_PH_0014 PQ336912
(SRR28112637)

06/03/2022 Chattogram (22.37 N 91.85 E) Sewage 40,094
(61)

6,906×
(51%)

Kayfunavirus

CHRF_PH_0015 PQ336913
(SRR28112636)

14/03/2022 Chattogram (22.37 N 91.80 E) Sewage 39,834
(62)

8,555×
(51%)

Kayfunavirus

CHRF_PH_0016 PQ336914
(SRR28112635)

14/03/2022 Chattogram (22.38 N 91.80 E) Sewage 39,834
(62)

10,259×
(51%)

Kayfunavirus

aCHRF_PH_0001–CHRF_PH_0007 were sequenced in an Illumina iSeq100 and the CHRF_PH_0009, 0011–0016 were sequenced in a NextSeq2000 platform.
bORFs, open reading frames.
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three of the five genera of Typhi phages reported to date (5, 13, 14). Phylogenetic 
analyses based on the terminase and tail-fiber nucleotide sequences exhibited similar 
clustering patterns (Fig. 1), indicating that either gene can be used for comparative 
genomic analysis.

This study presents the near-complete genome sequences of Salmonella Typhi 
bacteriophages from Bangladesh, shedding light on the phage landscape in a region 
critically affected by typhoid fever.
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