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Chromosome-mediated multidrug resistance in
Salmonella enterica serovar Typhi

Y.-S. Liao?, T.-L. Lauderdale?, D. C. Phung?, H. Watanabe?, J.-C. Kuo?, Y.-Y. Liu?, P.-J.
Wang?, S.-Y. Liang?, C.-S. Chiou! (nipmcsc@cdc.gov.tw);

1The Central Regional Laboratory, Center for Research, Diagnostics and Vaccine Development, Centers for Disease Control, Taichung, TAIWAN
2National Institute of Infectious Diseases and Vaccinology, National Health Research Institutes, Zhunan, TAIWAN
3National Institute of Hygiene and Epidemiology, Hanoi, VIETNAM
4National Institute of Infectious Diseases, Tokyo, JAPAN

Purpose
To characterize the genetic and among
enterica serovar Typhi isolates from Bangladesh, Indonesna, Taiwan and Vietnam.

Methods & Materials

Pulsed-field gel electrophoresis and multilocus variable number tandem repeat analysis were
applied to assess the genetic relatedness among S. Typhi isolates, Sensititre MIC panels (TREK
Diagnostic Systems LTD., West Essex, England) was used to measure the level of resistance,
and whole genome sequencing approach was used to investigate the clonality and a multidrug
resistant (MDR) island in the chromosome of MDR strains from Bangladesh. DNA sequencing
was applied to reveal the on the | determining regions of the
gyrA, gyrB, parC and part genes, PCR was used to de!ect the presence of gnrA, gnrB1, qnrB4,
qnrD, and gnrS, and phenylal, phthylamide was used to i the
effect of the efflux pumps on nahdlxnc acid and ciprofloxacin resistance.

Results
The isolates from Bangladesh and Vietnam were genetically closely related but distant from
those from Indonesia and Taiwan (Figure 1). All but a few isolates from Indonesia and Taiwan
were susceptible to all antimicrobials tested (Table). Of the isolates from Bangladesh and
Vietnam, 68% and 82% were multidrug resistant (MDR), respectively, and belonged to the
wldespread haplotype H58 clone. Previous studies indicated that MDR in S. Typhi were almost
y C by a suite of genes carried by IncHI1 plasmids. That plasmid
type was detected in all MDR S. Typhi from Vietnam but in only 15% of MDR isolates from
Bangladesh; 12 of the 26 MDR isolates from Bangladesh did not bear any plasmid. Whole
genome sequencing analysis identified a MDR genomic island, designated SGIS (Figure 2),
carried 7 genes conferring resistance to ampicillin, chloramphenicol, streptomycin,
sulfonamide, and trimethoprim in 18 of the 26 MDR isolates from Bangladesh. Of the isolates
from Bangladesh, 82% and 40% isolates were resistant to varying concentrations of nalidixic
acid and ciprofloxacin, respectively (Table). Several resistance mechanisms including
alterations in gyrase A, the presence of QnrS, and enhanced efflux pumps were involved in the
reduced ibility and resi tofl

Conclusion

Annmlcroblal resnslance in the majority of MDR S. Typhi isolates from Bangladesh was

ive surveillance is necessary to monitor the spread of the
chromosome-borne MDR in S. Typhi strains emerging in Bangladesh.
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Table . Antimicrobial resistance in S. Typhi isolates from 4 Asian countries.

Vietnam
(n=51)

Taiwan Total

(n=36)

Bangladesh | Indonesia
) | (n=55)

Aztreonam (ATM) 0.0 0.0 0.0 0.0 0.0
Cefotaxime (FTX) 0.0 0.0 0.0 0.0 0.0
Ceftazidime (CAZ) 0.0 0.0 0.0 0.0 0.0

em (IMP) 0.0 0.0 0.0 0.0 0.0
Nalidixic Acid (NAL) 816 18 0.0 196 233
Ciprofloxacin (CIP) 395 0.0 0.0 0.0 83
Gentamicin (GEN) 0.0 18 0.0 0.0 0.6
Kanamycin (KAN) 0.0 0.0 0.0 0.0 0.0
Ampicillin (AMP) 684 18 28 80.4 383
(Chloramphenicol (CHL) 57.9 36 0.0 80.4 36.1
Streptomycin (STR) 60.5 36 0.0 80.4 36.7
Sulfamethoxazole (SUL) 68.4 36 28 80.4 389
Tetracycline (TCY) 211 3.6 28 843 300
Trimethoprim (TMP) 57.9 18 28 80.4 36.1

Figure 1. Genetic relationships among 180 S. Typhi isolates from four

(n=180)

IM  county

countries and the corresponding antimicrobial susceptibility patterns.

The dendrogram was constructed based on the PFGE patterns and
MLVAS profiles in 1:1 weight ratios using the UPGMA algorithm

resistance in Salmonella enterica serovar Typhi. Al b Agents Ch her (| d)
144954 39355, 93224 88266
Iy T2000 J Ts000 Ts000 T10000
1S1  cat LT Tn21 tnpR tnpM intll dfrA7 sull 1526
94129 96779, 101165 96780 , 101166 =
T12000 T1a000 T16000 118000 120000
blagg,., 1526 strB  strA sulll repC 1526  tniAdeltal merED
068375 ’ Antimicrobial resistance . Other protein
122000 124000 ’ p
Mercury resistance Putative protein
merACPTR Rrai 51 Transposase - Sequence position and
direction in pAKU_1
Figure 2. Sct ic diag of SGIS. A -length scale, in bp, is indicated provided in the BioNumerics software, with settings of 1%

above the diagram of the ORFs, and the corresponding sequence positions and
directions in plasmid pAKU_1 (accession number: AM412236) are indicated at
the top.

optimization and 0.95% tolerance. MLVAS was based on a panel of 5
slowly evolved VNTRs (Sty2, Sty3, Sty20, Sty39 and Sty42).
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Typhimurium
(& var. 1,4,5,12, i-) 64 (45.4)

Kentucky 23 (16.3) Not Ranked

Schwarzengrund 22 (15.6) Not Ranked
Enteritidis 11(7.8) 1

Seftenberg 5(3.5) Not Ranked

Reading 4(2.8) Not Ranked

Thompson 3(2.1) 17

Hadar 2(14) Not Ranked

*National Enteric Disease Surveillance: Salmonella Annual Report, 2011, CDC
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WAHIS and WAHIS-Wild Complimentary tool:
ex: Low Pathogenic Avian Influenza (LPAI) from 2009 to 2013

‘ [

WAHIS-Wild ‘

WAHIS

Belgium H5N2 H1N1, H2N3, H2N8, H3N1, H3N6,
H3N8, HAN1, HANG, H4H8, HS5N1
H5N2, HSN8, HEN1, HEN2, HENS
H7N7, HIN2, H1ON7, H1ONS, H11NS,
H12N5, H12N7

Chinese H5N2, HSN3, H7N3 H7N1, HSN3

France H5N3 H7N9, H5N2, HSN3, H5N8, HON2

Germany H5N1, HSN2, H5N3, H7TN7 H1N1, H4NS, HS5N2, H5N3, H6N1
HBN8, H7N7, H7N9, H8N4, HON2
H10N8

Japan H7N6 H5N2, H7N1

Korea, Rep. H7N2, H7N6, H7TN7 HIN1, HANG, HSN2, H5N3, HEN1
of HENS8, H7N1, H7N7, H7N9, H8N4,
HON2, H10N8
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Prominent hypoperfusion and metabolic lactic acidosis (ranging from

4-10 mmol/L)
diarrhea-associal ted profound hypokalemia (sometimes <2 mmol/L)
Common rena | insufficienc y

Hepatocellular injury marked by aminotransaminase elevation

Need for clinical chemistry evaluation
Aggressive fluid and electrolyte treatments

+ Erasmus MC s orarment or Erasmus MC

MERS-CoViyt /774232 BPCR » 5% FH 774 $ e S M B URL Y
fiti » WALCHEMBARIAE IERES - (B EMERS % £ i A TS - #%H
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GEHYbTTE ERZ R ERA FIRF R AR e S M B iR LR B IS &0 -
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26.03.14
First team and EMLab leave Munich ang go to Guinea

(final destination Gueckedonu)

Technology and equipment: Outline of Lab |

Completely transportable by personnel
Only small vehicle needed for transport
Runs from car battery or small generator

, - __Tar__
I Field Lab setup in Marburg Haemorrhagic ~ ,, AR:@:am

"LAZZARO SPAUANZANI'
A

Fever Outbreak Uganda, 2012 Vot 21 AR

‘Clean’ Rool
PCR set up &

Crern il
AFgi
Iﬁ China CDC Laboratory Team and a China-aided ﬁ“’;'fl'ﬂ‘@j

: £ Mobile Laboratory Arrived in Sierra Leone to e "
support response to Ebola outbreak

On 17 September, 2014, two China-chartered airplanes carrying a China Center for Disease
Control and prevention (CDC) laboratory team and a China-aided mobile laboratory arrived at Lungi

International Airport of Sierra Leone.

The China CDC laboratory team is comprised of 59 personnel. Among them, 29 medical
experts are dispatched by China CDC, and they will run the mobile laboratory. The other 30
doctors and nurses come from 302 Military Hospital of China which played a crucial role in
China's fight against SARS epidemic in 2003, and they will run a holding center at Sierra
Leone-China Friendship Hospital. The team will work in the hospital for 6 months.
Ambassador Zhao hoped that China's efficient and timely support will strengthen Sierra
Leone's capabilities of the prevention and control of Ebola

This is the third batch of China's emergency medical aid to Sierra Leone. Previously, China
provided two batches of emergency medical materials valued at 11 million Yuan (equally 1.8
million USD) to Sierra Leone and sent two medical expert teams to the country
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Notable Organ Transplant-Transmitted Infections . .
Investigated by Public Health Authorities, 1985-2013 Infection Reports: 2005-2011
ase ‘ # of De # of Reciplents with # of DDD-Attributable
Reports Confirmed Transmission Reciplent Deaths

2001 |
(WNV), GA 2002 Sacteria” "8 ” [
ic Choriomeningitis Virus (LCMV), W1 2003 T o " ]
Rabies, 2004 ; - . 1 = 10 [
LCMV, MAJRI 2005 Estimated risk of 1
WNV, NY/PA 2005 : : ! 30 l
Chagas, CA 2006 unintended disease |
HIVHCV, L 2007 transmission — 0.2-0.5%
Tuberculosis (TB), OK/TX 2007 %
LCMV, MA 2008 of recipients
Babesiosis, WI/MN, 2008
WNV, 2008
Zygomycosis, Coccidiodomycosis, TB, multi-drug resistant E. coli, 2009

dril

16

n
HCV organ/tissue,
Microsporidiosis, 2012
Rabies 2013
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