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A total number of 936 waters samples were collected from the typhoid locality in the year 2011-2013. S. Typhi 
was isolated from 2 samples whereby one them are from the outbreak cases in Pasir Mas, Kelantan dan the 
other one is the sporadic cases. Multiplex PCR showed S. Typhi positives in 19 cases suggesting that the PCR 
is more sensitive than the culture method. GIS analysis showed model of relationship between water positivity 
and cases. The S. Typhi isolated from water samples from outbreak area was genotyped together with the S. 
Typhi isolated from stools of food handlers in the same outbreak area. The pulse-field gel electrophoresis 
(PFGE) showed similar pattern with the isolates from well water. The findings suggested that the carriers 
among food handlers had contaminated the water and causing the outbreak. A representative S Typhi isolated 
from stools of food handlers and one of the S. Typhi isolated from water samples were undergone genome and 
RNA sequencing. The results showed that there are several genes that can differentiate between the two 
isolates. Transciptome analysis showed that 1272 genes were upregulated when S. Typhi was incubated in well 
water compared to the our genome analysis whereas 1065 genes were upregulated compared to CT18 genome 
(reference genome sequence in GenBank, NCBI). Further downstream analysis will be continued using other 
future grants.
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Team members

Detection,genotyping and transcriptome analysis of S.Typhi 
and S. Paratyphi from well water and its association with 

geographical clustering of enteric fever

• Dr Venugopal Balakrishnan, USM
• Assoc. Prof Phua Kia Kien, USM
• Dr Ahmad Filza Ismail, USM
• Prof Mohd Zaki Salleh, UiTM
• Wan Mansor Hamzah, JKNK
• Dr Fauziah Mohd Nor, JKNK
• Dr Hani Mat Husin, JKNK

• Wan Rohaila Wan Ab Lah, JKNK

Aziah Ismail, PhD
Institute for Research in Molecular Medicine (INF0RMM) 

Universiti Sains Malaysia
11 June 2015
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Introduction

Geographical distribution of typhoid fever

High incidence.
-» South-central Asia (India.
Pakistan. Bangladesh) 
-» Southeast Asia. 
(Vietnam. Indonesia)

Moderate incidence: 
->The rest of Asia 
->Latin America 
-^Africa 
-^Oceania

Geographical distribution'of typhoid fever 
(World Health Org 2004; 82: 351)

Incidence in Malaysia: 
-5> <5/100 000 
populations

t- ...

□ Enteric fever is still a serious public health problem 
in underdeveloped and developing countries.

□ WHO estimates an incidence of 21.6 million 
typhoid cases with at least 200 000 deaths and 5.4 
million paratyphoid cases annually mainly among 
children (Crump & Mintz, 2010).

□ Enteric fever is caused by 5. Typhi and S. Paratyphi 
and it is transmitted by eating contaminated food 
and water handled by food handlers who are 
carriers.

□ Due to low culture isolation rate from stool (2-5%), 
carriers will continue to perpetuate the disease.

□ There is an urgent need to increase the chance of 
carrier detection so as to decrease the risk they 
pose to the communities.

□ If carriers can be detected and treated, we would 
be able to effectively control the spread of typhoid.

, Bi High (>1OO per 1OOOOO per year)
□ Medium (10-100000 per year)
□ Low (<1O per 100 000 per year)

r-j l. few (O
or S *rtr> taw-a CecW* • Ce wew
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Unit EPID CDC, JKNK, 2015
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KEJAD1AN KES TYPHOID DI MALAYSIA 
TAHUN 2011 - 2014

WM
Wi* leaJ

6/10/15

2014: Bilangan kes tifoid paling tinggi di Sabah 65 kes (termasuk bukan warga 
negara) dan kedua di Kelantan ( 35 kes)

.Id

£•2011 »2012
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Typhoid Incidence Rate in Kelantan ; 2003 -2014

Perbandingan Kadar Insidens Tifoid di Kelantan dan Malaysia; 
2007-2014

g.
CL
O
og
2
o5
*G

2003
24.4

2005
56.7

2006 2007
4.64

2010
2.8

2011
4.88

2012
1.76

2013
2.52

2004
7.4

2008
3.29

Years

2014
2.1

2009 [ 
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Kelantan 

Sabah

09Perlis

0.7WP Kuala Lumpur*

Johor

0.2Sarawak

Perak 02

Pahang 0.2

0.2

0.1

0.1Kedah

3.523 32OS L50
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Incidence rate of typhoid in Malaysia

Objectives

Negeri Sembilan

Pulau Pmang

Selangor

Terengganu

To isolate S. Typhi and S. Paratyphi and detect the bacteria using 
multiplex PCR dipstick from well water
To genotype using Pulse Field Gel Electrophoresis (PFGE)
To determine the association between bacterial isolates from well 
water and enteric fever clustering and carriers
To sequence and analyse the bacterial isolates using next generation 
sequencing platform

Incidence rate per 100,000 
population

Notes: • Includes WP/ Putrajaya 
Source: Ministry of Health

• General objective:
- To isolate and investigate Salmonella Typhi and 

Salmonella Paratyphi from well water associated with 
enteric fever and carriers

2.
3.

• Specific objectives: 
i.

0.6

£•£33^ 0.4

o.4
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Endemic areas for typhoid

Success story: Typhoid cases in Kelantan

■

II I\t '
I 133
174 r~] 72 85 84 -I!»■ I ■ ■ ■ B34 £ *I■

<0 00 o <-< ~co” mcncncncncncnoooooooooor-«T-<THvH 
cncncncncncnoooooooooooooo 
r-Ht-Hx-4rHt-<T-<rsirNC'4rx|C\IC'4CNC'4CMrMCMr'ir'ir>l

Year
Kelantan State Health Department, Ministry of Health Malaysia 2014
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• 5 districts
1. Pasir Putih
2. Bachok
3. Kota Bharu
4. Pasir Mas
5. Tumpat

136/10/15

2 (0.2%) 0

19 (2.0%) 0

J

6/10/15 14

7

Study locations

min ■■■■■■■

Salmonella
Paratyphi A

N=936 
(water 
samples)

Water samples from typhoid locality in 
Kelantan based on the typhoid cases in 
2011,2012 & 2013

Salmonella 
Typhl 

(percentage 
positivity)

Culture 
method

Multiplex PCR
dipstick

Detection of bacteria using culture method & 
molecular method
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PFGE database

PFGE of chromosomal DNA after digestion with Xbal was performed to the total of 8 isolates of S. 
enterica ser. Typhi obtained from the outbreak. PFGE has been widely recommended to differentiate 
Salmonella species (Threlfall et al., 1994)

336.51b
244.4kb
173.4kb
104.5kb
78.2kb

Bacterial genotyping using Pulse Field Gel
Electrophoresis (PFGE)

enterica ser. Typhi isolates by PFGE. The figure 
shows the same banding pattern of all eight 
isolates from food handlers and well water.

Lane Ml and M2:Marker Salmonella Braenderup
Lane 1-4, 6-8: Patient and patient's contact sample Isolates
Lane 5: Well water sample isolates---- '-ssss

. 4-

■I

Fig 4: Dendogram showing the cluster analysis of 49 S. enterica ser. Typhi strains Identified from database in 
comparison with 8 new Isolates from this study generated by Fingerprinting™ Quest software by the UPGMA 
m^od^based on the matrix of F value which Is 2 0.85. The dendogram also suggested that the isolates obtajned 
from the outbreak did not matched with other pattern from the PFGE database.
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GIS study based on typhoid cases in 2012-2013 :
Water samples in typhoid locality 1PM
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Intersect water case buffer 1000m

Intersect water case buffer 3000m IRW
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1ORF Predicted gene ORF Predicted gene
orfQ0335 substrate-binding transport protein crfD07E0 trxnscripBon*l regulator c

OHW2O9 Serine threonine-proteln phosphatase 6 regulatory subunit 1 crfO31O3 transcriptional regulator family

orfO3OO6 metalloprotease yggg orf02056 toxin- module

orf03690 leucine abc transporter substrate-binding partial odeum strwptomydn 3 -adenytyttransferase

orf00123 hypothetical protein SEEM 120_l 1004, partial sa!mcne3a orfOMSC protein dsrb

oHD£634 hypothetical protein ACS6-23O9 E. coll oriO5978 plectrovlnjs svg33 oct 10 transmembrane protein

o'106633 firmlcute plasmid replication family protein crfO5*O7 MULTISPEOES: hypothetical protein (Salmonella)

ort00002 dna-cytcslne partial crf02W0 Eke farruty protein

orf06534 colanic add exporter C<f00290 hypothetical protein (Klebs^Ua pneumoniae]

ortD3964 capsular polysaccharide biosynthesis protein crfO256S ga'.actarate dehydratase

orfO6282 capsular synthesis regulator component b crf00919 flavin reductase

orfO4156 atp synthase epsilon chain cr1DO950 ©fl atp synthase subunit epsilon

orfD0347 aminoglycoside resistance protein or©1934 dna-invertase Umbdc-id prophage partial

orfD3491 50s ribosomal protein 136 or»1974 cytotoxic and regulatory t-ceil molecule

orf00029 50s nbosomal protein orf03215 cytochrome partial

OrtO+453 colarCc add capsular b'osyrthesls activation protein

OHD5557 chaperone lipoprotein

or ©05 79 cellulose synthase regulator proten

orf02667 cell wan partial

cr©2577 cation diffusion faefl.tator family transporter

crIDSOOS C4-d<arbcxytateanaerobic carrier protein

or ©4127 abc substrate-binding fam.7y $

crfOJ466 n terminal domain protein

or»3122 heavy metal sensor kinase subfamily protein
6/10/15
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DNA plot of STI and ST2

S-Typhl 1 S, Typhi 2

Figure 1:The data from Pacific Biosciences was completely assembled by 
SMRTpipe HGAP from Pacific Biosciences and DNA plot for both isolates was 
generated using DNA Plotter software (Carver et al, 2009). S. Typhi 2 genome is 
larger (5586bp) compared to S.Typhi 1. The %GC for both S.Typhi 1 and S.Typhi 2 
are 52.03%.

Table 1: The different of predicted 
gene in S.Typhi 1 and S.Typhi 2.

J S.Typhi 1 
y 4,793,553 bp/

)

S.Typhi 1: S enlerica ser. Typhi isolate from water (ST1)
S.Typhi 2: S. enterica ser. Typhi isolate from human (ST2)

HI- lOP* STyphl2 p; /if /___ .J six \ 4,799,139 bp
' S 7~| s gc plot I y

1
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Assembly result (ST2)

Transcriptome analysis
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Journal proceedings: 2
— Article 1: Salwani Harish, Kee Shin Sim, Mohd Nazalan Mohd Najimuddin & 

Ismail Aziah. Genome sequence of Salmonella enterica serovar Typhi isolate 
PM016/13 from well water associated with a typhoid outbreak in Pasir Mas, 
Kelantan, Malaysia. (To be submitted to Genome Announcement [American 
Society for Micobiology (ASM) Journal)

— Article 2: Salwani Harish, Kee Shin Sim, Fauziah Mohd Nor, Hani Mat Hussin, 
Wan Mansor Hamzah, Mohd Nazalan Mohd Najimuddin & Ismail Aziah. 
Complete genome sequence of Salmonella enterica subsp. Enterica serovar 
Typhi isoalte B/SF/13/03/195 Associated with a Typhoid Carrier in Pasir Mas, 
Kelantan, Malaysia. (To be submitted to Genome Announcement [American 
Society for Micobiology (ASM) Journal)

Journal proceedings: 3
- Salwani, H., Mohd Nuramin, A., Fauziah, M. N., Hani, M. H., Wan, M. H., Phua, K. K., & 

Aziah, I. (2014). Genetic relationship and correspondence of Salmonella Typhi isolated 
from water samples in typhoid outbreak localities with food handlers and contact by 
using Pulsed Field Gel Electrophoresis (PFGE). Asian Pacific Journal of Tropical 
Disease, 4(3), 242. (Journal Proceeding) (Non-ISI)

- Nor, Amalina Z., H. Salwani, H. Norain Haslinie, A. Mohd Nuramin, N. Norhafiza, H. 
Haslizai, Asma, I. and Aziah, I. "The evaluation of a multiplex PCR-DNA dipstick assay 
with culture method and EZ Typhi Carrier DNA assay to detect Salmonella Typhi in well 
water samples.” Asian Pacific Journal of Tropical Disease 4, no. 3 (2014): 243. (Journal 
Proceeding) (Non-ISI)

- Mohd Irwan Maarof, Ahmad Filza Ismail, NorSa'adah Bachok, Aziah Ismail, Fauziah 
Mohd Noor. SPATIAL DISTRIBUTION OF ENTERIC FEVER AND WATER SOURCE 
POSITIVITY. 46,h Asia-Pacific Academic Consortium for Public Health (APACPH) Kuala 
Lumpur. 17-19 October, 2014. (Proceeding)

Research Output-1: Journal proceedings
(Please refer to Appendix 2)

Research Output-2: Journal articles
(Please refer to Appendix 3)
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• Genbank submission: 2 (in the process of submission)
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• Students: 2 (1 MSc; 1 MPH)
1. Dr Mohd Irwan Maarof (MPH) - graduated in 2014
2. Salwani Mohamed Harish (MSc) - in progress

— Genome sequencing data of Salmonella enterica subsp. 
Enterica serovarTyphi (B/SF/13/03/195

• Submisson No: SUB974616
• Bio Project Accession: PRJNA286162

— Genome sequencing data of Salmonella enterica subsp. 
Enterica serovarTyphi (PM016/13)

• Submisson No:SUB972538
• Bio Project Accession: PRJNA286155

Research Output-3: GenBank submission 
(Please refer to Appendix 4)

Research Output-4: Students
(Please refer to Appendix 5)
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Project milestone

AchievementProject activitiesNo

• In the process of finalizing patent document
- Patent application was approved by USM committee

Research Output-5: Patent
(Please refer to Appendix 6)

Completion of sample collection

Completion of Salmonella isolation

Completion of bacteria detection by 
multiplex PCR

Completion of bacterial typing by PFGE

Completion of GIS study

Completion of genome and transcriptome 
sequencing

Completion of sequencing analysis

Completion of report/journal articles 
writing

100%

100%

100%

100%

100%

100%

100%
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