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Tuberculosis Genotyping

What is tuberculosis (TB) genotyping?

TB genotyping isalaboratory-based approach used to
anayzethegenetic materid (e.g., DNA) of Mycobacte-
riumtubercul osis, the bacteriathat cause TB disease.
Thetota genetic content isreferred to asthe genome.
Specific sectionsof the M. tuberculosisgenomeform
distinct genetic patternsthat hel p distinguish different
strainsof M. tuberculosis.

Why use TB genotyping?

TB genotyping results, when combined with epidemio-
logic data, helpidentify personswith TB disease
involvedinthe samechain of recent transmission. Inthe
sameway, TB genotyping hel psdistinguish between
personswhose TB diseaseistheresult of TB infection
that was acquired inthe past, ascompared to recently
or newly acquired infection with development of TB
disease. TB genotyping isatool that can add valueto
conventiona contact investigation. Below aresome
goplications
m Discover unsuspected transmission relationships
between TB patients

O  Identify unknownor unusua transmisson
settings, such asbarsor clubs, instead of
traditional settingslikehomeandworkplace

O Uncover inter-jurisdictiona transmission
Establish criteriafor outbreak-rel ated case definitions

| dentify additiond personswith TB diseaseinvolved
inan outbreak

Determine completenessof contact investigations
Detect |aboratory cross-contamination event

Digtinguish recent infection (with devel opment of
disease) from activation of anoldinfection

Since TB prevention and control effortsdirected at
preventing TB transmission arefundamentally different
from effortsto prevent activation of latent TB infection,
genotyping offersapowerful tool tohelpdirect the

October 2008

Website - www.cdc.gov/tb

application of appropriate efforts. Furthermore, TB
genotyping allowsusto monitor our progresstoward
eliminating TB transmission moreaccurately.

What is the difference between a specimen
and an isolate?

A specimenisaclinical sample(e.g., sputum, bronchial
wash, urine, blood, or cerebrospinal fluid; tissuesfrom
organsor gastric aspirates) from apatient suspected of
having TB. Specimensmay or may not contain M.
tuberculosis. If M. tuberculosisgrowsin culture
media, itiscalled anisolate. Only isolatesidentified as
M. tuberculosis can be genotyped.

The methods used by the Centersfor Disease Control
and Prevention (CDC) contract genotyping laboratories
will not genotype Mycobacteriumaviumor other non-
tuberculousmycobacteria

What laboratory techniques and methods
are used in the National TB Genotyping
Service (NTGS)?

CDC contractswith two genotyping laboratoriesto
providethe NTGS. Theselaboratoriesroutingly use
two polymerase chain reaction (PCR) methodson al
M. tubercul osisisolates. spacer oligonucleotidetyping
(spaligotyping) and variable-number tandem repest of
mycobacterial interspersed repetitive units(VNTR-
MIRU). Thesemethodsyield digital resultsthat can be
readily analyzed. A detail ed description of these meth-
odsisavailableat: http://mwww.cdc.gov/th/genotyping/
Chap3/3_CDCLab_2Description.htm

m Spoligotyping: Identifiesthe M. tubercul osisgeno-
type based on presence or absence of spacer
sequencesfound in adirect-repeat region of the M.
tuberculosisgenomewhere 43 identical sequences
and 36 base pairsareinterspersed by spacer se-
quences. Thishighly reproduciblemethod gives
resultsin astandardized 15-digit codethat can be
eadly analyzed and communicated between labora-
toriesand TB programs(e.g., 777777777760771).
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® VNTR-MIRU: DigtinguishestheM. tuberculosis
strainsby thedifferencein the number of copiesof
tandem repeatsat specificregions, or loci, of the M.
tuberculosisgenome. Likespoligotyping, thistyping
method yieldsresultsin astandardized codethat can
beeasily analyzed and communicated between
laboratoriesand TB programs. A total of 41 MIRU
loci have been reported; however, most |aboratories
target only 12 loci. Newer versionsof the method at
theNTGSIaboratoriesnow include 24 loci, which
may increasediscriminatory power. When [aborato-
riesemploy the 12-loci method, theresultsarea12-
digit code(e.g., 223225163324); 24-loci method
resultsina24-digit code (e.g.,
223225163324561333245623).

A third method, 1S6110-based Restriction Fragment
Length Polymorphism (1S6110-RFLP), may be utilized
upon specia request. Detailson whento request RFLP
isavailableat: http://mwww.cdc.gov/th/genotyping/
Chap5/5_Developing_3c_RFLPhtm

m | S6110-based RFL P: Thismethod detectsvariations
inaspecific section of the M. tuberculosisgenome
caledinsertion element 1S6110. Thefirst step of
RFL Pispurification of DNA froman M. tuberculo-
sisisolate. A restriction enzymeisadded that cutsthe
DNA into hundredsof different fragmentsat specific
sequences. Thefragmentsare separated by sizeon
an agarose gel and transferred toamembrane. A
probeisthen used to detect fragments containing
1S6110, and theimageiscaptured onfilm. Each
copy of 1S6110 produces one band. 1S6110-based
RFL P patternscontaining 7 or more bandsprovide
morespecificity indiscriminating between isolates
than do patternswith 6 or fewer bands.

What is a TB genotype cluster?

When two or more M. tubercul osisisolates match by
genotyping methods (i.e., same spoligotypeand MIRU
patterns), they arereferred to asagenotype cluster.
Patientswho are members of the same genotype cluster
areassumed to havethe samestrain, whichmay bea
surrogatefor recent transmission. However, genotyping
informationisonly onepiece of evidenceusedto
determinetransmisson patterns. Genotyping informa:
tion, epidemiol ogic linkagesincluding spatia (geogra:
phy) and temporal (time) associations, and drug sus-
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ceptibility results (phenotype) can help distinguish recent
tranamissonfrom activation of latent TB infection.

NTGSIaboratories assign unique numbersto clusters
specifying each spoligotype and MIRU pattern combi-
nation. For each combination, anational and astate-
specific designation areassigned. For example, dl
isolateswithin the United Stateswith anidentical
spoligotype pattern such as777776777760601 and
MIRU pattern 224325153323 are assigned anational
designation such as PCR0O0015. State-specific designa-
tionsare also used for the same pattern. For example,
inArkansas, the state-specific designation for this
pattern could beAR_010; whereas, in Cdiforniait
couldbe CA_084; in Colorado it could be CO_016;
andinNevadait couldbe NV _016. The national
designationsaredesigned to helpfacilitateinter-jurisdic-
tiona communication between TB controllerssothey
don’t haveto report 15- and 12- digit numbers;
whereas, the state designations provide ease of use
withinthejurisdiction

A detailed description of cluster designationsisavailable
at: http://mwww.cdc.gov/th/genotyping/Chap3/

3 CDCLab 4Resultshtm

How can TB genotyping information help
identify unsuspected epidemiologic links?

Patientswith TB disease caused by the same strain of
M. tuberculosiswill have matching genotyperesults. If
aninvestigation establishesthat two or more TB pa-
tientswith matching genotypes shareknown epidemio-
logiclinkages, thisprovidesgood evidencethat these
patientswereinvolved in the same chain of recent
transmisson.

However, typically 20%-40% of genotype-matched
TB casesarenot identified asbeing connected by
contact investigation. During traditiona contact investi-
gations, public heathworkersinterview TB patientsto
elicit the names of other peoplewho may have been
exposed to them, and venuesin which exposure may
havetaken place. TB patientsare often unableor
reluctant to nameall contactsand al placesof potential
transmission. A careful review of public health records,
genotyping results, contact investigation logs, estimated
infectious periods, and re-interview of patientsina
genotypecluster can uncover additional potential
transmission opportunities.
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How can TB genotyping help in source-
case investigations for pediatric TB cases?

Pediatric casesare considered sentingl eventsin that
they provide evidence of recent TB transmission.
Source-caseinvestigationscan potentially identify
additiona TB cases, confirm suspected transmission
links between a suspected source case and the child, or
identify new, previoudy unsuspected, venuesof trans-
mission. When asuspected source caseisidentified,
genotyping can support evidence of thetransmission
link tothechildif theisolatesfrom both have matching
genotypes. If theinvestigation yiel dsno suspected
source case, areview of al genotyping resultsfrom
patientsliving inthesameregion asthe child may
identify agenotype match. Also, further interviews of
patientswith matching genotypesmay reved thetrue
sourcefor thechild’'sTB.

In patients with multiple episodes of TB,
how will TB genotyping help distinguish
between reactivation of an old infection or
recent infection with a new strain?

Reactivation occurswhen apatient with TB istreated
and cured, but has a subsequent episode of TB disease
caused by the same strain of M. tuberculosisasthe
previousepisode. Reinfection (with devel opment of
disease) iscaused by asecondinfectionwith astrain
that usually hasadifferent genotypefromthe strainthat
caused theinitial episode of TB disease. Genotypingthe
initial isolateand the subsequent isolate from the same
patient can distinguish between thesetwo possibilities.

How can TB genotyping find or confirm
false-positive cultures?

Anestimated 2% of al M. tuberculosiscultures
represent fal se-positiveresults. Thiscan occur ineven
themost proficient |aboratoriesfor avariety of reasons
(e.g., midabdling, cross-contamination). A fal se-postive
culture should be suspected when patientshaveasingle
cultureconfirmation, clinical presentationincons stent
with TB, or no clinical improvement despite adequate
TB therapy. Public hedlth officid smust work closely
withlaboratoriansand cliniciansto gather information to
verify or refutethat suspicion.

A fase-positivecultureinvestigationisamultistep

processthat requiresaninvestigation of theentirepatha

specimen and isolatetake, from collection through the
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final 1aboratory report. Thisprocess enablestheidentifi-
cation of possiblecommon collection or processing
points, which, at agiven point intime, could have
resulted in cross-contamination or misabeling.

What is universal TB genotyping? Are we
there yet?

Universa TB genotyping meanssubmittingtothe
genotyping laboratoriesat least oneisolatefor every
culture-confirmed TB caseinthe country. Universal TB
genotyping will providethebest understanding of the
epidemiology of TB transmissonwithinaspecificTB
program’sjurisdiction, aswell astheentire country. It
may uncover thegreatest number of unrecognized
outbreaks, clusters, and fal se-positive cultures. In 2004,
whentheNTGSwasinitiated, only 47% of all culture-
positive TB casesin the United States had genotyping
information. In 2007, thisproportion had increased to
86%.

How can | receive and manage TB
genotyping data for my patients?

TheTB Genotyping Information Management System
(TB-GIMS) will belaunched in early 2009 to track and
manage M. tubercul osisisol ate genotyping data. TB-
GIMSlinksgenotyping resultsto theepidemiol ogic data
from surveillancereports; queriesand reportscan be
generated for comparing genotyping resultslocaly and
nationdly. Inthefuture, TB-GIMSwill generatederts
or notificationsof suspected recent transmission and
helpidentify TB clustersthat suggest public hedlth
action. A moredetailed description of TB-GIMSis
availableat: http://www.cdc.gov/th/pubs/tbfactsheets
gmshtm.

How much does TB genotyping cost
patients or health care providers?

TB genotyping isprovided at no cost to patients,
healthcare providers, and heal th departments. CDC
also paysfor shipping of isolatesfor genotyping from
local laboratoriesto the genotyping laboratories.
Shipping labelsare provided from CDCtofacilitatethe
shipping process.

Additional Information

For moreinformation on TB genotyping, please contact
tbgenotyping@cdc.gov
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