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Objectives of Laboratory Testing for Cholera

« Timely, accurate, and reliable laboratory results are critical for detecting cases and confirm outbreaks of cholera that
may spread rapidly if not contained.

« The objectives of the laboratory diagnosis of cholera include:
« Confirming alerts and declaring outbreaks

Monitoring antibiotic susceptibility

Characterizing the circulating strains

Identifying changes in the virulence

Supporting epidemiologic investigations

Declaring the end of an outbreak.

- At least one laboratory in the country should be operational and capable of isolating and identifying Vibrio cholerae
by culture -or PCR if available- and performing antibiotic susceptibility testing in the country.

« The designated reference laboratory should ensure provision of transport media and reagents, training of technicians
and monitoring the quality of examinations.
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aboratory Tests for Cholera

- Traditional Phenotypic Detection Methods of Vibrio cholerae
« RDTs & Culture

« Traditional Molecular Detection Methods of Vibrio cholerae
- Nested Multiplex PCR Panels

- Biotyping
« Antimicrobial Susceptibility Testing

 Traditional & Advanced Genotyping Methods

- Pulsed-field Gel Electrophoresis (PFGE)
- Whole Genome Sequencing (WGS)

Matar, GM




Traditional Detection Methods

Example: Vibrio cholerae

- Rapiddiagnostic kits for V. cholera identificationare available

CRYSTAL® VC RAPID DIAGNOSTIC (- TR —

Health and Human Services

2 Centers for Disease
TEST (RDT) £ Control and Prevention

« Utilizes nitrocellulose strips coated with anti-O1 and anti-O139 antibodies
* Provides a result within 15-30 minutes directly from patient stool sample
« Can be performed on site in the field during an outbreak

« Identifies toxigenic V. cholerae serogroups O1 and 0139
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Traditional Molecular Techniques

Multiplex Nested PCR:

- Genomic DNA of infecting pathogens can be extracted directly from the patientsample

- Detection of diagnostic genes using Simplex Nested PCR can identify the infecting pathogen

T TN W » Applying Multiplex Nested PCR
ik Il il ) :
’ \ would identify several
. “Outer primers” pathogensin asingle PCR run
| — | amplify broader
/m‘_ target - This highly sensitive
“Nested primers” | | identification process requires
amplify specific '
target | ! less than 24hrs
T : :
AMMMMMARARAMAMRARARS < Diagnostic gene
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Culture on TCBS

Example: Vibrio cholerae

- Traditional isolation of V. cholerae from fecal specimens involves several steps

Matar, GM




Culture in AUB Bacteriology and Molecular Microbiology
Lab EPIMWHO CC
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« Using a plastic or wooden stick, loop, or pipette tip, a colony is picked from a culture plate to a
spot on a MALDI-TOF MS target plate.

« One or many isolates may be tested at a time.

« In this example, cells are treated

- ] with formic acid on the target plate.
Blotyping
using | _
MALDI-TOE of matrix and dried.

« The plate is placed in the ionization

« The spot is overlain with 1-2 uL

chamber of the mass spectrometer.

« A mass spectrum is generated and compared

against a database of mass spectra by by B
MICROBIOLOGY
Fungal Cuture, Routine FINAL

the software, resulting in identification

CANDIDA PARAPSILOSIS Many
ROERG 0y FUNS S0RCIOTRTY

of the Organism.
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Antimicrobial Susceptibility Testing

« Wk have so far completed the Antimicrobial Susceptibility testing using disc
diffusion (DD) assay that was validated with broth microdilution (BMD)

assay on 68/300 pure cultures showing Vibrio cholerae isolates.

« Both susceptibility tests were repeated 3 times and they were reproducible

and results matched. Phenotypic tests results matched also genotypic results.
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Antimicrobial Susceptibility Testing

Sample ID

AST

Cefotaxime Ceftazidime Piperacillin/tazobactam Meropenem Nalidixic acid Pefloxacin Ciprofloxacin Levofloxacin

Erythromycin

|Azithromycin

pbprim-sulfamet

Tetracycline

Doxycycline

0129 Nitrofurantoin

S1

S S R R

X

R

S2

S3

S4

S5

S6

S7

S8

S9

S10

S11

S12

S13

S14

nninunnuvnmunnnlnnunin

nniunumoununumunmniunnlnnlnvnuninl v
nwinumninuviununnlnlnlnunlnlunv
D DD D |D| PP |D|D|D|Z|DP ||
VNPV V|V DD | DWW |||
V|V |DV|DV|D|D|D|D|>D|D |||

nninuniunumomuinininlninunin

nninununuiuvumnuninlnlnlnininvulnv

ninumounumomumuiniuninlunn unin

nninuninuvunmuunnnlnnunin

nwununlvvivivninlnlvulvivnlunlu

VNV |V V| DD |D|D|2 |||
VNPV |DV| V| DD | P |D|D|D |||

Matar, GM

13




ials

b

IMmicCcro
Matar, GM

Ant

o
-

3|qndaasng-uop ‘N Y

15—

Antimicrobial Susceptibility Testing




Horizontal transfer

AN R Acquisition of V. cholerae

plasmid encoded resistant to
resistance gene Ciprofloxacin

bacterial species in
the environment

 Azithromycin would be for now the main recommendation if available.

« |If V. cholerae proved to be sensitive to doxycycline it would be helpful (as it can be treated with a single

dose). Doxycycline testing is anotheroption.
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- Capable of the concurrent detectionand full characterization of Vibrio spp.
- Relies on genomic DNA extracted from bacterial isolate

- ldentifies serogroups, biotypes, virulence determinants, antimicrobial
resistance genes, and the presence of plasmid and/or bacteriophagesin a
single run

USA, Canada, Europe, Asia Pacific, Africa,
Middle East, Latin America and the Caribbean

- Provides the highest resolution genomic typing method that can compare
samples to source as well as construct phylogenic trees

The Whole Genome Sequencing (WGS) Process
WGS is a laboratory procedure that determines the order of bases in the genome of an
ism i . WGS provides a very precise DNA fingerprint that can help
another allowing an outbreak to be detected and solved sooner.

The future of
Whole Ger_lome laboratory-based
Seguencing surveillance of
(WGS) microbes

Implicated in
disease outbreaks
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https://www.cdc.gov/pulsenet/pathogens/wgs.html

P

NGS in AUB Bacteriology and Molecular Microbiology
Lab EPIM WHO CC
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Strain Typing Using NGS

14 representative of 68 samples sequenced

Sample IC . WIGS .

Serogroup| Serotype [ Biotype | Sequence Tyrpelien&mchawl lineage wheT rfbO1 tcpA ctxB
51 01 Ogawa El Tor 5T69 3 Seventh pandemic V. cholerae 01 biotype El Tor (witEltor wi A 266G ctxB7
52 01 Ogawa El Tor 5T69 3 Seventh pandemic V. cholerae O1 biotype El Tor (wiEltor wi A 266G ctxB7
53 01 Ogawa El Tor 5TG9 3 Seventh pandemic V. cholerae O1 hiotype El Tor (wiEltor wi A 266G ctxB7
54 01 Ogawa El Tor 5T69 3 Seventh pandemic V. cholerae O1 hiotype El Tor (wtEltor wi A 266G ctxB7
55 01 Ogawa El Tor 5T69 3 Seventh pandemic V. cholerae 01 biotype El Tor (wiEltor wi A 266G ctxB7
56 01 Dgawa El Tor 5TE9 3 Seventh pandemic V. cholerae Q1 biotype El Tor |wtEltor wit A266G ctxB7
57 01 Ogawa El Tor 5T69 3 Seventh pandemic V. cholerae 01 hiotype El Tor (witEltor wi A 266G ctxB7
58 01 Ogawa El Tor STE9 3 Seventh pandemic V. cholerae 01 biotype El Tor (wtEltor wit  |A2B6G ctxB7
59 01 Ogawa El Tor 5TG9 3 Seventh pandemic V. cholerae O1 hiotype El Tor (wiEltor wi A 266G ctxB7
510 01 Ogawa El Tor 5T69 3 Seventh pandemic V. cholerae O1 hiotype El Tor (wtEltor wi A 266G ctxB7
511 01 Ogawa El Tor 5T69 3 Seventh pandemic V. cholerae 01 biotype El Tor (wiEltor wi A 266G ctxB7
512 01 Ogawa El Tor 5T69 3 Seventh pandemic V. cholerae O1 biotype El Tor (wiEltor wi A 266G ctxB7
513 01 Ogawa El Tor 5T69 3 seventh pandemic V. cholerae 01 hiotype El Tor (wiEltor wi A 266G ctxB7
514 01 Ogawa El Tor 5T69 3 Seventh pandemic V. cholerae 01 hiotype El Tor (witEltor wi A 266G ctxB7

Matar, GM
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Strain Typing Using NGS

Serogroup: O1
Serotype: Ogawa
Biotype: El Tor
Sequence type: ST69

Genomic wave: 3

Lineage: Seventh pandemic V. cholerae O1 biotype El Tor

Matar, GM
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Antimicrobial Resistance Determinants
(Genes)

sample IC QRDR Colistin Nitrofurantoin
Byra parC catB9 dfrAl | plasmids [ VC 0202 | vC 0303 |VC 1320 |VC 1577 | VC 1578 | VC 1579 |VCADGB37 | VCO715 VSP-lI ICEV chinds
51 5831 (G248T) |B5L(C2547) catBS dfral / wi wit 52654 wi wi wi C13T C305T V5P-II (Del VC_0495-VC _0512) |ICEVchind5 (Del strAB sul2 floR)
52 5831 (G248T) |B5L(C2547) catBS dfral / wi wit 52654 wi wi wi C13T C305T V5P-II (Del VC_0495-VC _0512) |ICEVchind5 (Del strAB sul2 floR)
53 5831 [G248T) [B5L[C254T catB9 dfral / wt wt 52654 wt wt wt C13T C305T VSP-Il {Del VC 0495-VC 0512) [ICEVchInd5 (Del strAB sul2 floR)
54 5831 (G248T) |B5L(C2547) catBS dfral / wi wit 52654 wi wi wi C13T C305T V5P-II (Del VC_0495-VC _0512) |ICEVchind5 (Del strAB sul2 floR)
53 5831 (G248T) |B5L(C2547) catBS dfral / wi wit 52654 wi wi wi C13T C305T V5P-II (Del VC_0495-VC _0512) |ICEVchind5 (Del strAB sul2 floR)
56 5831 (G248T) |85L(C2547 catBg dfral i wi wt 52654 wi wt wi C13T C305T VSP-Il (Del VC 0495-VC 0512} [ICEVchindS (Del strAB sul2 floR)
57 5831 (G248T) |B5L(C2547) catBS dfral / wi wit 52654 wi wi wi C13T C305T V5P-II (Del VC_0495-VC _0512) |ICEVchind5 (Del strAB sul2 floR)
58 5831 (G248T) |B5L(C2547) catBS dfral / wi wit 52654 wi wi wi C13T C305T V5P-II (Del VC_0495-VC _0512) |ICEVchind5 (Del strAB sul2 floR)
59 5831 [G248T) [B5L(C254T catB9 dfral /! wi wi 52654 wi wi wi C13T C305T VSP-Il {Del VC_0455-VC _0512) [ICEVchInd5 (Del strAB sul2 floR)
510 5831 (G248T) |B5L(C2547 catB3 dfral / wi wit 52654 wi wi wi C13T C305T V5P-II (Del VC_0495-VC _0512) |ICEVchind5 (Del strAB sul2 floR)
511 5831 (G248T) |B5L({C2547 catB3 dfral / wi wit 52654 wi wi wi C13T C305T V5P-II (Del VC_0495-VC _0512) |ICEVchind5 (Del strAB sul2 floR)
512 5831 (G248T) |B5L(C2541] «catBS dfral /! wi wi 52654 wi wi wi C13T C305T VSP-11 {Del VC_0495-VC _0512) [ICEVchInd5 (Del strAB sul2 floR)
513 5831 (G248T) |B5L({C2541 catBS dfral / wi wit 52654 wi wi wi C13T C305T V5P-II (Del VC_0495-VC _0512) |ICEVchind5 (Del strAB sul2 floR)
514 5831 (G248T) |B5L({C2547 catB3 dfral / wi wit 52654 wi wi wi C13T C305T V5P-II (Del VC_0455-VC _0512) |ICEVchind5 (Del strAB sul2 floR)
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Antimicrobial Resistance Determinants

Fluoroquinolones

Carbapenem Chloramphenicol Trimethoprim/Sulfamethoxazole
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