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/& 5. Host-based approach for identifying virulence factors of pathogens
©Atmika Paudel!, Yoshikazu Furuta!, Suresh Panthee?, Hiroshi Hamamoto?,
Kazuhisa Sekimizu?, Hideaki Higashi'
! Division of Infection and Immunity, International Institute for Zoonosis Control,
Hokkaido University, Hokkaido, Japan, > Drug Discoveries by Silkworm Models,
Faculty of Pharma-Science, Teikyo University, * Teikyo University Institute of
Medical Mycology
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7 5E 6. Genome investigations of livestock-associated methicillin-resistant
Staphylococcus aureus ST398 from food products in Thailand
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“Wimonrat Tanomsridachchai', Yukari Fukushima!, Pimlapas Leekitcharoenphon?,
Neunghatai Supha?®, Joseph Yamweka Chizimu!, Jirachaya Toyting!, Thoko Flav
Kapalamula'!, Chie Nakajima'#, Orasa Suthienkul®, Yasuhiko Suzuki'*

Division of Bioresources, Hokkaido University International Institute for Zoonosis
Control, ?Research Group for Genomic Epidemiology, National Food Institute,
Technical University of Denmark, 3Department of Microbiology, Faculty of Public
Health, Mahidol University, Thailand, “International Collaboration Unit, Hokkaido
University International Institute for Zoonosis Control

Molecular epidemiological study of Staphylococcus argenteus clinical isolates in
Hokkaido
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Analysis of genetic diversity of Bacillus anthracis strains and spatial distribution
of anthrax vaccination in Southern Africa

“Kamboyi H.K!, Hang’ombe B.M2, Munyeme M?, Furuta Y' and Higashi H!
Division of Infection and Immunity, Research Center for Zoonosis Control,
Hokkaido University, Z2Microbiology Unit, Paraclinical Studies, School of Veterinary
Medicine, University of Zambia, 3Public Health unit, Disease Control Studies, School
of Veterinary Medicine, University of Zambia

Development of ELISA based on Bacillus anthracis capsule biosynthesis protein
CapA for naturally acquired antibodies against anthrax

“Tuvshinzaya Zorigt'2, Yoshikazu Furuta'2, Manyando Simbotwe', Akihiro Ochi,
Mai Tsujinouchi!, Misheck Shawa'!-2, Tomoko Shimizu', Norikazu Isoda®,
Jargalsaikhan Enkhtuya’, and Hideaki Higashi'-?

'Division of Infection and Immunity, International Institute for Zoonosis Control,
Hokkaido University, 2Graduate School of Infectious Diseases, School of Veterinary
Medicine, Hokkaido University, *Equine Research Institute, Japan Racing
Association, “Laboratory of Microbiology, School of Veterinary Medicine, Hokkaido
University, *Laboratory of Food Hygiene, Institute of Veterinary Medicine,
Ulaanbaatar, Mongolia
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Chair: Atmika Paudel, Hokkaido Univ Intl Inst Zoonosis Contl

/& 14. Impact of substituents at 1 and 8 of fluoroquinolones on the activity against
mutant DNA gyrases of Salmonella Typhimurium
“Pondpan Suwanthada?®, Nami Ajima?, Lawrence P. Belotindos?, Jirachaya Toyting?,
Ruttana Pachanon?, Kentaro Koide®, Hyun Kim®, Chie Nakajima®*, Siriporn
Kongsoi!, Yasuhiko Suzuki®*
2 Division of Bioresources, Hokkaido University International Institute
for Zoonosis Control, ® Department of Bacteriology II, National Institute of
Infectious Diseases, © International Collaboration Unit, Hokkaido University
International Institute for Zoonosis Control, ¢ Department of Veterinary Public
Health, Faculty of Veterinary Medicine, Kasetsart University, Thailand

E 15. WQ-3034 & WQ-3154: The New Fluoroquinolones with High Inhibitory Effect
against Quinolone-Resistant Salmonella Typhimurium DNA Gyrase
OJirachaya Toyting!, Nami Ajima!, Wimonrat Tanomsridachchai’,
Lawrence P. Belotindos!, Thoko Flav Kapalamula', Hyun Kim?, Fuangfa
Utrarachkij?®, Jeewan Thapa', Chie Nakajima'*, Yasuhiko Suzuki'**
"Division of Bioresources, Hokkaido University International Institute for Zoonosis
Control, ?Department of Bacteriology 1I, National Institute of Infectious Diseases,
3Department of Microbiology, Faculty of Public Health, Mahidol University,
Thailand, “Global Institution for Collaborative Research and Education, Hokkaido
University



7 /E 16. Whole Genome Sequencing Reveals Recent Transmission of Multi-drug
Resistant Mycobacterium tuberculosis Central Asian Strains in Lusaka,
Zambia

©Joseph Yamweka CHIZIMU'23, Eddie SOLO', Yukari FUKUSHIMA!, Precious
BWALYA'!, Victor MUKONKA??3, Chie NAKAJIMA!, Yasuhiko SUZUKI'
"Division of Bioresources, Hokkaido University International Institute for Zoonosis
Control, 2Zambia National Public Health Institute. *Ministry of Health, Zambia

& 17. Characterization of mutations associated with streptomycin resistance in
multidrug resistant Mycobacterium tuberculosis in Zambia
©Precious Bwalya®®, Tomoyuki Yamaguchi?, Eddie SoloP, Joseph Y. Chizimu?,
Grace Mbulo®, Chie Nakajima®®", Yasuhiko Suzuki®*
aDivision of Bioresources, Hokkaido University International Institute for Zoonosis
Control, "Department of Pathology and Microbiology, University Teaching Hospital,
Ministry of Health, Zambia, “International Collaboration Unit, Hokkaido University
International Institute for Zoonosis Control
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/& 22. Clonal transmission of multidrug-resistant Escherichia coli ST69 between
poultry and humans in Lusaka, Zambia
©OMisheck Shawa,? Yoshikazu Furuta,* Atmika Paudel, Bernard Hang’ombe,?
Hideaki Higashi®
aDivision of Infection and Immunity, International Institute for Zoonosis Control,
Hokkaido University, Sapporo, PDepartment of Para-clinical Studies, School of
Veterinary Medicine, University of Zambia, Zambia
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Porphyromonas gingivalis (77 SREPEBEIEMER) 13, 86 89% O RIECEITIZ IR
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5. A, BBXOCHIO N EMIZIL, von Willebrand factor KA A o/ a7l
VEERAA U SN, D BXOERIZITZA LN o T2, mfal Bis TR,
ragA/ ragB Bin AL L AT AN A HITZN, fimd B 78 & OMBIERED &
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(%5 5] Salmonella Typhimurium 7 7 — Y& DT104 (DT104) . S.Worthington (SW) 7&
DoV TEE S EH GRS & FEALIL 7255 ArtA/ArtB (ArtAB) # FEA 35 2 &
DHEINT VWS, TNETOMEICLY., artdBBIETIE~A F~42 v C
(MTC). ¥/ v v RPUEWE., H:0:7x O X ) FFEMICRIIT 2 2 &A1
T3, invivo COFRIIAHTH 5, £ Z TR TIIDTIdA R~ 0T 7
— UKAINE RAW264.7 ICER X, U T A X4 L PCRIEE L CHIEGERGEIC X
D HIIEPNIC BT B artdB DFELIT O W TR L 7=,

[/77%] DMEM £5#© RAW264.7 flifitl % #5244, phorbol 12-myristate 13-acetate
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Syncase B5Hii C—HpfiR & S BB L, IEH~ v XIMIFIC X VA 7Y = L L 7 DT104
ZMOI50:1 £723 X5z 4vyFax—tL7, 2D, 7vrx~<f 2 v HLBIC
XSt O FE & RE L, 3 BRI EE. 0.1 %D Triton X-100 THIIE % iA&fFE L <15
SNT-HMIENDOE A 5 total RNA 2 L7z, TORNAZHWT, VT LE A4 L
PCRIEIC X W KRBT ORHELYEEL 7,

[F5 5 & #8FE] RAW264.7 flIEI T D DT104 D artd FEELEIZ. invitro TORBE &
hig L CHEZEIBEML 72, £/, fMlED H0:2 UG EMOELE 2RI 3 <
EDHI LTS PMA TR L 72 FFC i3, SELLEERE & bhi L ARIREDS X & 1
LTW/z, ZTN6DT &5 artdB 13 RAW264.7 MG CIHEMICHKIAL ., ZDF
HWFEII~ru 77—V HKRD HoO. TR 5 2 LRI N7, £7z, DTI04 T
IX oxyR & cIDFEHBICHE RZACHFRD b ind o 725, SW TIEAMALN T oxyR
ECIDFREICEMLU, atdA DBERENBR N o7 UEXD, 27877
—JWIC BT 5 DT104 D artdAB 1T Ho021C X W SFERICHKILT 225, SWD X H I
oxyR DFEFUSE TR OE TIE CHC X Y 7 7 — VBEEPH X 5 729 1T artAB Diff
NENFEIRF5L 22 2 L BRB I NI,
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FE) . ETIIMIC D 10 % (SREE) OB Z & A 2 WRAREE TR A 4 D ik
LTz, TD%, ZBEREER L OHEE Sk MIC & R 21T L=,
FTo, FRIEEN B LTERO 2T ) Wi 21T - 72,

[ 5R & B 52]
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FENT DFER, B OBEFICERENRD LN, D EORKERL Y FIAEKOMD K
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KO LA, BHOBEFOERIZIDEENREICL > TREZ D Z ERRES
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Host-based approach for identifying virulence factors of
pathogens

©Atmika Paudel!, Yoshikazu Furuta!, Suresh Panthee?, Hiroshi Hamamoto?,
Kazuhisa Sekimizu?, Hideaki Higashi'

! Division of Infection and Immunity, International Institute for Zoonosis Control, Hokkaido
University
2 Drug Discoveries by Silkworm Models, Faculty of Pharma-Science, Teikyo University
3 Teikyo University Institute of Medical Mycology

Pathogens sense host factors after coming in contact with the host and produce virulence factors.
Virulence factors production allows pathogens to survive and resist host attack and prepare a
favorable environment for the establishment of infection. Therefore, a host-based approach is
required for understanding the behavior of the pathogens during infection. I propose the use of
silkworm (Bombyx mori), an invertebrate animal, as the in vivo platform for identifying
pathogen virulence factors required for infection. Silkworms possess innate immunity and
respond to pathogen invasion by activating humoral and cellular immune responses. Human
pathogenic bacteria are also pathogenic to silkworms, and infected worms can be rescued by
clinically used antibiotics indicating that they can be used as model animals to study infections
caused by human pathogens. Furthermore, silkworms are big enough to inject with the precise
number of microbial cells, allowing the quantitative comparison of virulence among the
pathogens. Yet, they are small enough and easy to handle to facilitate large-scale screening.
Using the silkworm infection model, we screened the gene-disrupted mutant library of a highly
pathogenic Methicillin-resistant Staphylococcus aureus. We discovered eight novel virulence
factors which were also required for virulence of S. aureus in the mice infection model. We
characterized one of the virulence factors, YjbH, and found that it regulates the expression of
many virulence-related genes and protects the bacteria from oxidative stress in vivo. Due to a
good correlation of the virulence factors in silkworms and mice, we propose that silkworm is
a suitable animal model for determining the virulence of pathogens. In this presentation, I will
introduce the utilization of silkworms to identify virulence factors of pathogenic bacteria.
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Genome investigations of livestock-associated
methicillin-resistant Staphylococcus aureus ST398 from
food products in Thailand

“Wimonrat Tanomsridachchai', Yukari Fukushima', Pimlapas Leekitcharoenphon?,
Neunghatai Supha®, Joseph Yamweka Chizimu!, Jirachaya Toyting!, Thoko Flav
Kapalamula'!, Chie Nakajima'#, Orasa Suthienkul®, Yasuhiko Suzuki'*

'Div Bioresources, Hokkaido University International Institute for Zoonosis Control
2Research Group for Genomic Epidemiology, National Food Institute, Technical University
of Denmark, Denmark
3Dept Microbiology, Faculty of Public Health, Mahidol University, Thailand.
“International Collaboration Unit, Hokkaido University International Institute for Zoonosis
Control

Background: Animal food products might serve as potential vehicles for the transmission
of Livestock-associated methicillin-resistant Staphylococcus aureus (LA-MRSA) ST398. LA-
MRSA ST398 is the most widely disseminated in European countries, while ST9 is more
predominant in Asian countries. In recent years, the LA-MRSA ST398 in Thailand was
detected in swine and pork. However, the origin and route of transmission of LA-MRSA ST398
in Thailand are unclear and have not been investigated. The objective of this study was to
determine the possible origins of LA-MRSA ST398 in Thailand.

Methods: Genomic characterization of seven Thai LA-MRSA ST398 from slaughtered pig
(n=1) and pork samples (n=6) were performed by whole-genome sequencing (WGS).
Moreover, genomes from the public database were included in this analysis to reconstruct
phylogenetic relationship based on Single-nucleotide polymorphisms (SNPs).

Results: The results showed that Thai LA-MRSA ST398 in animal food products were
related to Danish lineage. L1 and L3 were the dominant lineage in these isolates. All seven
LA-MRSA ST398 strains were of SCCmec type V. Six of all LA-MRSA ST398 strains were
spa t034 and one was spa t1255. All isolates were found to carry exoenzyme genes (aur) and
toxin genes (hlgA, higB, and hlgC). There was one isolate carrying genes encoding
staphylococcal enterotoxins (seg, sei, sem, sen, and seu) that belonged to spa t1255.

Conclusions: It is important to continue investigating the origin of LA-MRSA ST398
among animal food production chain. Moreover, implementation of effective measures to
prevent the transmission of LA-MRSA among pigs, humans, and animal foods is necessary.
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Molecular epidemiological study of Staphylococcus
argenteus clinical isolates in Hokkaido
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BACKGROUND: Staphylococcus argenteus is a novel staphylococcal species that is
genetically close to S. aureus. Although it has been increasingly reported worldwide as a
causative agent of various infectious diseases, the epidemiological situation in Japan has not
yet been well clarified. This study was conducted to determine prevalence of S. argenteus
clinical isolates in Hokkaido, and analyze their genetic characteristics, including drug
resistance determinants and virulence factors.

METHODS: S. argenteus were isolated from various clinical specimens that were submitted
to the Sapporo Clinical Laboratory Inc., Sapporo, Japan, from medical facilities in Hokkaido
for one year from August 2019. Initial screening of S. argenteus was performed by MALDI-
TOF MS and confirmed genetically by PCR and direct sequencing of NRPS gene. Resistance
to various drugs were examined by broth microdilution test, genotypes and the presence of
virulence factors/drug resistance genes were analyzed by PCR and sequencing.

RESULTS: A total of 82 strains of S. argenteus were isolated in one year, which
corresponded to 0.66% of total number of S. aureus isolates in the same period. They were
classified into three genotypes, ST2250-coa-XId (37, 45.1%), ST1223-coa-XV (25, 30.5%),
and ST2198-coa-X1V (20, 24.4%). The source of clinical specimens was diverse, mostly
from sputum, followed by stool, nasal discharge, and otorrhea. All the ST1223 isolates had
egc-2 cluster (seg-sei-sem-sen-seo-seu) and 60% of isolates harbored seb (seb3 and one novel
variant seb6). All the ST2250 isolates had sey, and 68% of this ST carried se/26-sel27.
Panton-Valentine leucocidin (PVL) genes were detected in only an ST2250 isolate, and
another one ST2250 isolate was resistant to oxacillin and had mecA gene located in SCCmec-
IVc. Various drug resistance genes such as blaZ, erm(C), msr(A4), aac(6’)-Ie-aph(2’’)-1a, and
Inud were identified mostly in ST2198 isolates that showed resistance to penicillin,
macrolide, and aminoglycoside.

CONCLUSION: This study revealed the persistently low prevalence of S. argenteus
comprising three STs in Hokkaido, Japan. Antimicrobial susceptibility and the prevalence of
virulence factors were different depending on ST.
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Analysis of genetic diversity of Bacillus anthracis strains
and spatial distribution of anthrax vaccination in
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Bacillus anthracis, the causative agent of anthrax, is a multi-host zoonotic pathogen
affecting populations worldwide, especially in resource limited countries. B. anthracis forms
spores that are highly resistant to extremes of weather and chemicals, enabling it to survive in
soil for several decades.

We conducted anthrax risk mapping and anthropogenic assessment for sporadic
outbreaks in Zambia. A total of 80 spatially compounded environmental and biological samples
were collected within livestock production and wildlife conservation areas in the upper
Zambezi basin. B. anthracis was identified via multiplex PCR targeting the chromosomal
BAS813 and 16S rRNA genes, pXO1 protective antigen (pag) gene, and pXO2 capsule (cap)
gene. From the 80 samples, 15 (10 soil and 5 carcass) pure isolates of B. anthracis were
obtained, which were spatially clustered across four districts. Questionnaires (n = 113) were
administered in independent villages distinct in time and space. Multivariate logistic regression
revealed 12 biologically plausible variables, including herd size (OR = 10.46; 95% CI = 8.8—
16), carcass disposal method (OR = 6.9; 95% CI = 3.4-9.8), poor veterinary services (OR =
10.87; 95% CI =4.8-15.9), and management system (OR =2.57; 95% CI = 1.3-7.5). The odds
of outbreaks were 10 times more in non-vaccinated herds than those vaccinated in similar
endemic areas. Our results suggested that poor veterinary services, particularly the lack of
anthrax vaccination, increased the likelihood of outbreak recurrency. Furthermore, the
observed environmental contamination with B. anthracis spores was likely caused by anthrax
carcass dressing and meat distribution, a common practice in the study area.

In southern Africa, anthrax has emerged as a serious transboundary disease, but control
strategies vary in each country. Given our previous findings, we intend to expand our analysis
to include other countries in the southern African region. We will conduct a whole genome-
based analysis of the genetic diversity of B. anthracis strains to detect single nucleotide
polymorphisms, insertions, and deletions. As a novel approach, we will also map the
distribution of anthrax vaccine-induced antibodies detected on enzyme-linked immunosorbent
assay versus outbreaks to show the correlation between vaccination levels and outbreaks. We
envisage the findings of this study will influence policy direction in southern Africa aimed at
harmonizing effective anthrax control strategies.
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Development of ELISA based on Bacillus anthracis
capsule biosynthesis protein CapA for naturally acquired
antibodies against anthrax
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Enkhtuya®, and Hideaki Higashi'

Division of Infection and Immunity, International Institute for Zoonosis Control, Hokkaido
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2Graduate School of Infectious Diseases, School of Veterinary Medicine, Hokkaido
University
3Equine Research Institute, Japan Racing Association
“Laboratory of Microbiology, School of Veterinary Medicine, Hokkaido University
SLaboratory of Food Hygiene, Institute of Veterinary Medicine, Ulaanbaatar, Mongolia

Abstract: Anthrax is a worldwide zoonotic disease caused by Bacillus anthracis, which remains
hyperendemic in parts of Africa and Asia. Detecting naturally acquired antibodies against
anthrax in animals is critical for anthrax surveillance and effective control measures.
Serological assays based on protective antigen (PA) of B. anthracis are primarily used for
anthrax surveillance and vaccine evaluation. Even though the assay is reliable, it is challenging
to distinguish the naturally acquired antibodies from vaccine-induced immunity in animals
because PA is cross-reactive to both antibodies. Although additional data on the vaccination
record of animals could bypass this problem, such data are not readily accessible in many cases.

Here we developed a new enzyme-linked immunosorbent assay (ELISA) specific to
antibodies against capsule biosynthesis protein CapA antigen of B. anthracis, which is non-
cross-reactive to vaccine-induced antibodies in horses. Using in silico analyses, we screened
coding sequences encoded on pXO2 plasmid, which is absent in the veterinary vaccine strain
Sterne 34F2 but present in virulent strains of B. anthracis. Capsule biosynthesis protein CapA
(GBAA RS28240) and peptide ABC transporter substrate-binding protein (GBAA RS28340)
were detected by antibodies in infected horse sera among the 8 selected candidates. Of these,
CapA has not yet been identified as immunoreactive in other studies to the best of our
knowledge. In view of the solubility and specificity of whole length CapA, we prepared the C-
terminus region of the protein, named CapA322, and developed CapA322-ELISA based on a
horse model. Comparative analysis of the CapA322-ELISA and PAD1-ELISA (ELISA using
domain 1 of PA) showed that CapA322-ELISA could detect anti-CapA antibodies in sera from
infected horses but was non-reactive to sera from vaccinated horses.

The CapA322-ELISA could contribute to anthrax surveillance in endemic areas, and two
immunoreactive proteins identified in this study could be additives to the improvement of
current or future vaccine development.
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TR T MR ERE Lz, £72. Lp JR32 T AR Y (To)ifi NE BT A
TV —%AE L., —HOME RSO ENE LT RORN BITo 72, [
R BE] Tetrahymena 1B & 133 HRAIIZ Anteglaucoma CS11A 1% dot/iem (KAFHIZ Lp
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TT VT T L, BRPEFEREOAETHVICEZITH Y . R & BRI T
D BAR DOHEE L BER O VIR 72 EL HINICH WD Z LR TE T,
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HElCHPTL L TV D ATREMER B 5,



TEH 13

T A= X DHIEERES L
Na'/H* 7 > F AR —#Z —NhaA & O BESRMEDRREE

ORISR EEZ . B 3R, Thapa Jeewan?, &k B3 BiM —3, (Lo !

HEKRBE - PRA: - JRREARAT
AR - ARV —F ¥ —
TRLEER - I - AW
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(S13 7 A — )% 47Bf « #R{k L (Matsuo et al, Environ Microbiol Rep, 2010), Z D7 A —
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Tolz& 2 A, NhaA BLERE & RARICERIIGE 0358 Lo, HLEORERIE, S13 7 4
— N K DM EERBL G D D MEMIA T & L THERBIRPEZETH D Z & 2R
2L CW5,
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Impact of substituents at 1 and 8 of fluoroquinolones on
the activity against mutant DNA gyrases of
Salmonella Typhimurium
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Kasetsart University, Thailand

Aims:

To elucidate the inhibitory activities of WQ-3810, WQ-3334, and WQ-4065, which
had the substituents at 1 and 8 of fluoroquinolones against supercoiling activity of
recombinant S. Typhimurium mutant DNA gyrases

Materials and methods:

In vitro assays to evaluate inhibitory effects of WQ-3810, WQ-3334, and WQ-4065
against supercoiling activity of recombinant S. Typhimurium DNA gyrase with GyrA-
Wild Type (WT), GyrA-Ser83Ile, GyrA-Ser83Phe, GyrA-Asp87Gly, GyrA-Asp87Asn,
GyrA-Asp87Tyr, and GyrA-Ser83Phe-Asp87Asn were performed. And the Minimum
Inhibitory Concentrations (MICs) for S. Typhimurium and S. Enteritidis of these drugs were
assessed by the micro-broth dilution method.

Results:

Half-maximum Inhibitory Concentrations (ICsos) of WQ-3810 and WQ-3334 against
WT and mutant S. Typhimurium were lower than ICsos of WQ-4065. In addition, the MIC
against S. Typhimurium and S. Enteritidis of WQ-3810 and WQ-3334 were lower than WQ-
4065.

Conclusion:

This study highlighted the impact of a substituent at 1 and 8 of fluoroquinolones on
WQ-3810 and WQ-3334, which can be candidate drugs for the treatment of
fluoroquinolone-resistant Salmonellosis.



T 15 B EORE R 54

WQ-3034 & WQ-3154: The New Fluoroquinolones with
High Inhibitory Effect against Quinolone-Resistant
Salmonella Typhimurium DNA Gyrase
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Abstract:

Introduction: Nontyphoidal Sa/monella is one of the prominent pathogens causing acute
gastroenteritis globally. In 2017, the World Health Organization (WHO) specifically ranked
fluoroquinolone-resistant Salmonella as a high-priority pathogen for the research and
development of new antibiotics. WQ-3034 and WQ-3154 are relatively new synthetic
fluoroquinolones with modification on their Ry, R7, and Rg positions.

Objectives: To evaluate the inhibitory effect of WQ-3034 and WQ-3154 against wild-type and
mutant Sa/monella Typhimurium DNA gyrases.

Materials & Methods: The inhibitory effect of WQ-3034 and WQ-3154 were examined along
with ciprofloxacin by measuring the drug concentration that inhibit half of the enzyme activity
(ICs0) in fluoroquinolone-inhibited DNA gyrase supercoiling assay.

Results: WQ-3034 demonstrated an inhibitory effect at the lowest concentration in both wild-
type and mutant Salmonella Typhimurium DNA gyrases with amino acid substitution at codon
83 and/or 87, followed by WQ-3154 and ciprofloxacin, respectively. Remarkably, WQ-3034
and WQ-3154 exhibited a significantly higher inhibitory effect than ciprofloxacin in the double
mutation of Sa/monella Typhimurium DNA gyrase (Ser83Phe-Asp87Asn).

Conclusion: This study revealed that WQ-3034 and WQ-3154 could potentially be the
effective therapeutic agents against quinolone-resistant nontyphoidal Salmonella.
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Whole Genome Sequencing Reveals Recent Transmission
of Multi-drug Resistant Mycobacterium tuberculosis
Central Asian Strains in Lusaka, Zambia

OJoseph Yamweka CHIZIMU'23, Eddie SOLO!, Yukari FUKUSHIMA, Precious
BWALYA!, Victor MUKONKA?3, Chie NAKAJIMA!, Yasuhiko SUZUKI!

'Div Bioresources, Hokkaido University International Institute for Zoonosis Control
2Zambia National Public Health Institute
3Ministry of Health, Zambia

Lineage 3 is one of the seven human-adapted Mycobacterium tuberculosis (MTB) lineages
predominant in eastern Africa, Middle East and northern India. Despite its low proportions
when compared to the predominant lineage 4 in Zambia, lineage 3 strains (CAS1 Kili) were
associated with multi-drug resistance in the previous study in Lusaka (Solo et al, 2020). Thus,
this study aims to evaluate recent transmission among patients with MDR-MTB CAS1 Kili
strains in Lusaka, Zambia, by whole genome sequencing (WGS).

Selected 15 CASI1 kili strains, clustered by MIRU-VNTR and spoligotyping from the
previous study, were analyzed with WGS. All evaluated CAS1 Kili strains belonged to a
cluster as they differed by 12 or fewer single nucleotide polymorphisms (SNPs) in their core
genomes. While 9 strains were involved in a recent transmission event as they differed by <5
SNPs. Several strains shared the same combination of drug-resistance associated mutations to
rifampicin, isoniazid and other anti-TB drugs suggesting transmission events of MDR-MTB.
All the strains had ethambutol resistance associated mutations though only 23% were detected
to be resistant by phenotypic methods.

WGS revealed that these CAS1 Kili isolates were closely related, suggesting a recent
transmission event as they exhibited comparatively low variabilities in SNPs.
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Characterization of mutations associated with
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Abstract

Objective: Streptomycin (STR) is recommended for the management of multidrug
resistant tuberculosis (MDR-TB). STR resistance conferring mutation types and frequency are
influenced by genotypes of circulating strains in a population. This study aimed to characterize
mutations in in MDR-TB isolates and examine their relationship with the genotypes in Zambia.

Methods: A total of 138 MDR-TB isolates stored at UTH-TB reference laboratory in
Zambia were analyzed using spoligotyping, and sequencing of STR resistance associated genes.

Results: Streptomycin resistance was observed in 65.9% (91/138) of MDR-TB isolates.
Mutations in rpsL, rrs and gidB accounted for 33%, 12.1% and 49.5%, respectively. Amino
acid substitution K43R in rpsL was strongly associated with CAS1 Kili (p<0.0001). The
combination of three genes could predict 91.2% of STR resistance. Clustering of isolates based
on resistance conferring mutations and spoligotyping was observed.

Conclusion: Results showed a high prevalence of STR resistance and that sequencing of
rpsL, rrs and gidB can adequately predict STR resistance. Clustering of isolates suggest that
the increase of STR resistant MDR-TB in Zambia is fueled by spreading of resistant strains
and inadequate treatment. Therefore, rapid detection of STR resistance is recommended before
use in MDR-TB treatment in Zambia.
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Abstract

Risk factors for transmitting multidrug-resistant (MDR) Escherichia coli to humans
include various food animals, especially poultry. In Zambia, reports on MDR E. coli strains
among apparently healthy chickens have become frequent, but no comparative analyses have
been conducted to evaluate their clonality with human isolates. Considering that poultry is the
most consumed protein source in the country, it is necessary to investigate the potential spread
of MDR E. coli between poultry and humans.

Twenty cefotaxime-resistant E. coli strains collected from poultry in Lusaka, Zambia,
were screened for MDR and subjected to whole-genome sequencing using MiSeq and MinlON
platforms. After de novo reconstruction of nearly complete genomes, we compared the poultry
strains to 36 previously sequenced cefotaxime-resistant E. coli isolates obtained from inpatients
at the University Teaching Hospital, Lusaka.

All  (20/20, 100%) the poultry strains displayed resistance to ampicillin,
chloramphenicol, and doxycycline, with 18/20 (90%) also resistant to the quinolones;
ciprofloxacin and nalidixic acid. Twenty-seven antimicrobial resistance (AMR) genes
belonging to 11 classes were detected, with aminoglycoside resistance genes dominating (7/27,
25.9%), followed by genes encoding resistance to B-lactams (3/27, 11.1%), quinolones (3/27,
11.1%), and trimethoprim (3/27, 11.1%). Phylogenetic analysis and hierarchical clustering
using AMR profiles, AMR genes, and plasmid replicons suggested the clonal spread of E. coli
O17:H18-ST69 between poultry and humans. The E. coli O17:H18-ST69 clone accounted for
4/20 (20%) poultry- and 9/36 (25%) human-associated strains that shared two plasmids (IncFI
and Incl-complex) harboring 14 AMR genes. Furthermore, our analysis showed that the strains
also had other AMR plasmids distinct for each niche; all the poultry strains carried an IncFII
(pCoo) plasmid containing the blactx-m-55 gene, while human isolates possessed the blactx-m-
14 gene on an IncHI plasmid.

Our results suggested clonal transmission of MDR E. coli O17:H18-ST69 between
poultry and humans, with the potential acquisition of distinct, niche-specific AMR plasmids.
These results demand strategic and concerted efforts from human and animal health sectors to
prevent and control foodborne MDR.
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