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Cluster DetectionCluster Detection

 LocalLocal
 Perform cluster searchPerform cluster search

NationalNational
 Perform cluster search withinPerform cluster search within Perform cluster search Perform cluster search 

within local databasewithin local database
 Compare to National Compare to National 

 Perform cluster search within Perform cluster search within 
National Database National Database oror respond respond 
to local CDC Team postingto local CDC Team postingpp

DatabaseDatabase
 Report local clusters of 3 or Report local clusters of 3 or 

more h man isolates (abo emore h man isolates (abo e

 Report multiReport multi--state clusters that state clusters that 
indicate an increase in a indicate an increase in a 
particular PFGE pattern particular PFGE pattern more human isolates (above more human isolates (above 

normal pattern baseline normal pattern baseline 
frequency) on CDC Teamfrequency) on CDC Team

p pp p
 Report regional increases Report regional increases 

above national baselineabove national baseline

 Begin epi investigationBegin epi investigation  Report nonReport non--human matches to human matches to 
3 or more human isolates3 or more human isolates



Verification of DataVerification of Data

 Serotype ConfirmationSerotype ConfirmationSerotype ConfirmationSerotype Confirmation
PFGE clusteringPFGE clustering
“Unconfirmed Serotype”“Unconfirmed Serotype”ypyp

Proper Band MarkingProper Band Marking
SOP PND04: Gel Analysis GuidelinesSOP PND04: Gel Analysis GuidelinesSOP PND04: Gel Analysis GuidelinesSOP PND04: Gel Analysis Guidelines

 Sufficient Demographic InformationSufficient Demographic Information
Age sex source state etcAge sex source state etcAge, sex, source state, etc.Age, sex, source state, etc.

 Correct Data FormatCorrect Data Format
Dates: YYYYDates: YYYY--MMMM--DD; source site; serotype; etcDD; source site; serotype; etcDates: YYYYDates: YYYY--MMMM--DD; source site; serotype; etc.DD; source site; serotype; etc.



Pattern NamingPattern NamingPattern NamingPattern Naming
 Step 1:  Select patterns to be namedStep 1:  Select patterns to be named

 Database Managers first pull up patterns to check band Database Managers first pull up patterns to check band g p p pg p p p
markings and that the PFGE image is satisfactorymarkings and that the PFGE image is satisfactory

 Step 2: Compare to Unique Pattern ListStep 2: Compare to Unique Pattern List Step 2:  Compare to Unique Pattern ListStep 2:  Compare to Unique Pattern List
 The Unique Pattern List contains at least one example of The Unique Pattern List contains at least one example of 

each pattern in the National Databaseeach pattern in the National Database
 Newly uploaded patterns are compared to the Unique PatternNewly uploaded patterns are compared to the Unique Pattern Newly uploaded patterns are compared to the Unique Pattern Newly uploaded patterns are compared to the Unique Pattern 

List in order to assign pattern numbersList in order to assign pattern numbers

S 3 N hS 3 N h Step 3:  Name the patternsStep 3:  Name the patterns

 Step 4: Confirm pattern namesStep 4: Confirm pattern names Step 4:  Confirm pattern namesStep 4:  Confirm pattern names
 Putting “Confirmed” in PFGEPutting “Confirmed” in PFGE--enzymeenzyme--Status fieldStatus field



Pattern NamingPattern Naming

Automated Pattern Naming:Automated Pattern Naming:
 Once a pattern has been s bmitted to the NationalOnce a pattern has been s bmitted to the National Once a pattern has been submitted to the National Once a pattern has been submitted to the National 

Database, a pattern name will be assigned by the Database, a pattern name will be assigned by the 
automated pattern naming system in BioNumerics automated pattern naming system in BioNumerics p g yp g y
(this is no longer used for (this is no longer used for SalmonellaSalmonella))
 @ = new pattern assigned by automated system@ = new pattern assigned by automated system

& i i b i d b d& i i b i d b d & = existing pattern, but assigned by automated system& = existing pattern, but assigned by automated system
 DO NOT REPORT UNCONFIRMED DO NOT REPORT UNCONFIRMED 

PATTERN NUMBERSPATTERN NUMBERSPATTERN NUMBERSPATTERN NUMBERS
 Pattern names can Pattern names can onlyonly be verified by CDC Database be verified by CDC Database 

ManagersManagers



Pattern Naming

 Patterns for all clusters and outbreaks and all Patterns for all clusters and outbreaks and all 
Campylobacter Listeria E coliCampylobacter Listeria E coli and the top 25and the top 25Campylobacter, Listeria, E. coli, Campylobacter, Listeria, E. coli, and the top 25 and the top 25 
serotypes of serotypes of Salmonella Salmonella should be named within 2 should be named within 2 
working daysworking daysworking daysworking days
 Exceptions: database manager(s) are out; database Exceptions: database manager(s) are out; database 

team is shortteam is short--staffed; unusually high submissionsstaffed; unusually high submissionsteam is shortteam is short--staffed; unusually high submissions staffed; unusually high submissions 
and/or clusters; serotype is not filled inand/or clusters; serotype is not filled in

 Patterns are also compared to the entire databasePatterns are also compared to the entire database Patterns are also compared to the entire databasePatterns are also compared to the entire database
 Used to verify serotype or name when no serotype is Used to verify serotype or name when no serotype is 

enteredenteredenteredentered



Pattern NamingPattern Naming

Pattern seen before:Pattern seen before: assigned the corresponding pattern nameassigned the corresponding pattern nameg p g pg p g p



Pattern NamingPattern Naming

New pattern:New pattern: given the next available name and goes into given the next available name and goes into 
the Unique Pattern List as a representativethe Unique Pattern List as a representativethe Unique Pattern List as a representativethe Unique Pattern List as a representative

The new isolate will be named according to the 
next available unused pattern number, andnext available unused pattern number, and 
becomes a part of the Unique Pattern List



Pattern NamingPattern Naming

Every pattern name in the database has 3 components:

JAXJAX X01X01. . 00150015

JAXJAX A26A26. . 00260026
Represents the Represents theRepresents the 

serotype (ex. Berta)
Represents the 
pattern number

Represents the enzyme 
used (ex. XbaI, BlnI, etc.)

Pattern numbers do NOT represent the time the pattern was submitted, 
the frequency of the pattern in the database, nor genetic relatedness to 
other patternsother patterns
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Cluster Code AssignmentCluster Code AssignmentCluster Code AssignmentCluster Code Assignment

 CLUSTERSCLUSTERS of cases identified by PulseNet are of cases identified by PulseNet are 
investigated by epidemiologistsinvestigated by epidemiologists
 If epidemiologic links are found between cases, the If epidemiologic links are found between cases, the 

cluster is classified as an cluster is classified as an OUTBREAKOUTBREAK

 Each Cluster is given a “Cluster Code”Each Cluster is given a “Cluster Code”ac C ste s g ve a C ste Codeac C ste s g ve a C ste Code

0904MIJPX0904MIJPX--11
Cluster #Serotype CodeStateYear Month

0904MIJPX0904MIJPX 11



Cluster Code AssignmentCluster Code Assignment

A code is given if:A code is given if:

 National or regional pattern frequency for humanNational or regional pattern frequency for human National or regional pattern frequency for human National or regional pattern frequency for human 
patterns in the past 60/120 days ≥ 2x background patterns in the past 60/120 days ≥ 2x background 
frequencyfrequencyq yq y

 Anytime there is an epi link. Examples:Anytime there is an epi link. Examples:
 specific age/gender distribution for a clusterspecific age/gender distribution for a clusterp g gp g g
 epi link identified in posting (cruise ship, travel exposure, epi link identified in posting (cruise ship, travel exposure, 

same institution, etc.)same institution, etc.)

A code is not given, but cluster reported to CDC episA code is not given, but cluster reported to CDC epis

 3+ human cases match a food, but not above baseline3+ human cases match a food, but not above baseline
 Line list reported to episLine list reported to epis



PulseNet Outbreak LogPulseNet Outbreak Log

•Maintains information related to 
cl sters/o tbreaks

•Links to information  
(line lists charts)clusters/outbreaks

•Also houses other info 
(USDA/FDA, International, Epi)

(line lists, charts)
•Used to create reports



Line ListsLine Lists

Fil NFile Name
=

Cluster Code

Cluster Code

Date Line List 
Created



Pattern FrequenciesPattern Frequenciesatte eque c esatte eque c es

Example 1Example 1
PulseNet has detected a cluster of 8 Salmonella

Typhimurium isolates that are pattern JPXX01.0374
JPXX01 0374 i tt f S

Example 1Example 1

 JPXX01.0374 is an uncommon pattern for S. 
Typhimurium, representing 0.033% (9 isolates) of 
all S. Typhimurium in the database

 Rare patterns tend to have more noticeable Rare patterns tend to have more noticeable 
clusters

An obvious increaseAn obvious increase



Pattern FrequenciesPattern Frequenciesatte eque c esatte eque c es

Example 2Example 2pp
 A local PulseNet participant has detected a cluster of 8 A local PulseNet participant has detected a cluster of 8 

SalmonellaSalmonella Enteritidis isolates that are pattern Enteritidis isolates that are pattern 
JEGX01 0004JEGX01 0004JEGX01.0004JEGX01.0004
 JEGX01.0004 is the MOST common pattern for JEGX01.0004 is the MOST common pattern for SS. . 

Enteritidis, representing 45% (~9,500 patterns) of all Enteritidis, representing 45% (~9,500 patterns) of all 
SS E i idi i h d bE i idi i h d bSS. Enteritidis in the database. Enteritidis in the database

 More common patterns tend to have less obviousMore common patterns tend to have less obvious More common patterns tend to have less obvious More common patterns tend to have less obvious 
clusters, and are often defined by an increase above clusters, and are often defined by an increase above 
baselinebaseline



Pattern FrequenciesPattern Frequenciesatte eque c esatte eque c es
Salmonella Enteritidis “Pattern 4”

C P tt D t ti tCommon Patterns: Detecting true 
increases can be difficult



CDC Team Response from CDCCDC Team Response from CDC

Updates will include updated epi 
information, updated line lists, etc.

Information included in reply posted to CDC Team: 
1. Subject changed to format: <Outbreak Code> (<pattern 

b ) L bID f ti l b O i d/ S tnumber>)_<LabID of posting lab>_<Organism and/or Serotype> 
2. Name of serotype and state that originally posted
3. Cluster Code assigned
4 Pattern assigned and frequency4. Pattern assigned and frequency
5. Indistinguishable isolate(s) in the last 60 days (120 for 

Listeria) with linelist



CDC Team Response from CDCCDC Team Response from CDC

 CDC will respond to CDC Team postingsCDC will respond to CDC Team postings CDC will respond to CDC Team postings CDC will respond to CDC Team postings 
within 2 business days.within 2 business days.
 If cluster code is assigned a line list will be postedIf cluster code is assigned a line list will be posted If cluster code is assigned, a line list will be posted If cluster code is assigned, a line list will be posted 

along with the cluster response.  Labs listed as along with the cluster response.  Labs listed as 
having indistinguishable patterns should followhaving indistinguishable patterns should follow--up up g g pg g p pp
locally.locally.

 If cluster code is not assigned, posting lab should If cluster code is not assigned, posting lab should g p gg p g
continue to monitor the PFGE pattern locally for continue to monitor the PFGE pattern locally for 
additional signs of increase.additional signs of increase.
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Cluster ReportsCluster Reports

 The Database Team meets every MondayThe Database Team meets every Monday The Database Team meets every Monday The Database Team meets every Monday 
morning to discuss recent and ongoing clustersmorning to discuss recent and ongoing clusters
 New clusters are assigned a status ofNew clusters are assigned a status of Active (PN)Active (PN) New clusters are assigned a status of New clusters are assigned a status of Active (PN)Active (PN)

 PulseNet Canada and VetNet databases are checked PulseNet Canada and VetNet databases are checked 
against Active (PN) clusters before reporting to episagainst Active (PN) clusters before reporting to episagainst Active (PN) clusters before reporting to episagainst Active (PN) clusters before reporting to epis

 Active (PN)Active (PN) clusters are reported to CDC Epis, clusters are reported to CDC Epis, 
who decide which to include inwho decide which to include in ActiveActive investigationinvestigationwho decide which to include in who decide which to include in ActiveActive investigationinvestigation

Regardless of cluster status, labs should continue to investigate 
locally and post additional matches not included in initial line list



Cluster ReportsCluster Reports
Sample cluster report that is sent to the CDC epis after meeting

• Outbreak Code, serotype, 
posting lab

• Patterns involved and %Patterns involved and %
• States involved
• Notes, USDA/FDA/MLVA info
• Epi Update

Frequency graph

Pie Chart of

Frequency graph 
of pattern

Pie Chart of 
pattern %



Cluster ReportsCluster Reports
 A bundle file with representatives of every cluster for A bundle file with representatives of every cluster for 

the calendar year is posted to CDC Team each Friday the calendar year is posted to CDC Team each Friday 
(organism(organism--specific)specific)(organism(organism specific)specific)
 Save the bundle file in your local database each week to see if Save the bundle file in your local database each week to see if 

you have any matches to existing clustersyou have any matches to existing clusters
 In addition to the bundle file a report ofIn addition to the bundle file a report of ActiveActive andand In addition to the bundle file, a report of In addition to the bundle file, a report of ActiveActive and and 

Active (PN)Active (PN) clusters is posted to CDC Team each clusters is posted to CDC Team each 
FridayFriday
 If you have matches to a cluster in the weekly bundle, refer to If you have matches to a cluster in the weekly bundle, refer to 

the Active Cluster Report to see if that cluster is the Active Cluster Report to see if that cluster is Active,Active,
Active (PN), Active (PN), or or ClosedClosed
If hi i l l d i l d d hIf hi i l l d i l d d h If your matching isolates are not already included on the If your matching isolates are not already included on the 
Active Cluster Report, post your matches to CDC Team for Active Cluster Report, post your matches to CDC Team for 
that clusterthat cluster
REMINDER DO NOTREMINDER DO NOT l il f CDCl il f CDC REMINDER: DO NOTREMINDER: DO NOT reply to emails from CDC reply to emails from CDC 
TeamTeam——post post DIRECTLYDIRECTLY on CDC Teamon CDC Team



Epi Requests: Additional Epi Requests: Additional 
InformationInformation

 CDC epis communicate with Public Health LabCDC epis communicate with Public Health Lab CDC epis communicate with Public Health Lab CDC epis communicate with Public Health Lab 
epis; Public Health Lab epis and PulseNet lab epis; Public Health Lab epis and PulseNet lab 
participants should communicate at the state levelparticipants should communicate at the state level

dd Second enzyme resultsSecond enzyme results
 MLVA resultsMLVA results

V N hV N h VetNet matchesVetNet matches
 International matchesInternational matches

 CDC has direct access to PulseNet Canada databasesCDC has direct access to PulseNet Canada databases CDC has direct access to PulseNet Canada databasesCDC has direct access to PulseNet Canada databases
 ClientClient--only: compare bundle file of USA patterns to online only: compare bundle file of USA patterns to online 

Canada databaseCanada database
 P l N t ti i t b d (P l N t L tiP l N t ti i t b d (P l N t L ti PulseNet participants abroad (PulseNet Latin PulseNet participants abroad (PulseNet Latin 

America, Europe, Asia Pacific, and Middle East)America, Europe, Asia Pacific, and Middle East)



Second Enzyme ResultsSecond Enzyme Results

Example

Salmonella Montevideo

Indistinguishable 1st enzyme patterns:  need 2nd enzyme 
results to distinguish clustersresults to distinguish clusters 



Second Enzyme ResultsSecond Enzyme Results

 Adds to the discrimination of all organisms Adds to the discrimination of all organisms gg
when using PulseNet protocolswhen using PulseNet protocols

 Can limit the need for epi followCan limit the need for epi follow--up of likely up of likely 
unrelated casesunrelated cases

 Running fingerprint profiles of both enzymes on Running fingerprint profiles of both enzymes on 
the initial gel is often costthe initial gel is often cost--effective and saveseffective and savesthe initial gel is often costthe initial gel is often cost--effective and saves effective and saves 
time.time.



MLVA AnalysisMLVA Analysis

 SequenceSequence--based subtypingbased subtypingSequenceSequence based subtypingbased subtyping
 Can further discriminate common PFGE patterns Can further discriminate common PFGE patterns 

through highly variable target sequencesthrough highly variable target sequencesg g y g qg g y g q
 Data may be epidemiologically more relevant than Data may be epidemiologically more relevant than 

PFGE dataPFGE data
 Results more straightforwardResults more straightforward
 Currently MLVA results are housed in databases Currently MLVA results are housed in databases yy

separate from PFGE; however, the ultimate goal is to separate from PFGE; however, the ultimate goal is to 
have them in combined databaseshave them in combined databases



Cluster ConclusionCluster ConclusionCluster ConclusionCluster Conclusion

 Investigation EndsInvestigation Ends Investigation EndsInvestigation Ends
 With weekly active cluster report from epis, With weekly active cluster report from epis, 

PulseNet is notified when a cluster has been closedPulseNet is notified when a cluster has been closedPulseNet is notified when a cluster has been closed PulseNet is notified when a cluster has been closed 
from the epi sidefrom the epi side

 Summary posted to CDC Team for large outbreaksSummary posted to CDC Team for large outbreaksS y p s d g b sS y p s d g b s
 Cluster thread is archived and removed from CDC Cluster thread is archived and removed from CDC 

Team after 3 weeks of inactivityTeam after 3 weeks of inactivityyy
 CDC PulseNet has Word documents of all archived CDC PulseNet has Word documents of all archived 

postings postings 
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Data Interpretation:  Similar PatternsData Interpretation:  Similar Patterns

 Patterns match at 100% in BioNumericsPatterns match at 100% in BioNumerics
E l 1Example 1

Example 2



Data Interpretation:  Similar PatternsData Interpretation:  Similar Patterns

Example 1

 Patterns appear different upon further inspectionPatterns appear different upon further inspection
 Bands marked the sameBands marked the sameBands marked the sameBands marked the same

 Marked incorrectly?Marked incorrectly?
 Doublet vs SingletDoublet vs Singlet Doublet vs. SingletDoublet vs. Singlet



Data Interpretation:  Similar PatternsData Interpretation:  Similar Patterns
Example 2

 Patterns appear different upon further inspectionPatterns appear different upon further inspection
 Bands marked the sameBands marked the same

 Marked incorrectly?Marked incorrectly?
 Spacing differenceSpacing difference



Local vs. National DatabasesLocal vs. National Databases

LocalLocal NationalNational
 Smaller, results from a few Smaller, results from a few 

peoplepeople
 Smaller representation ofSmaller representation of

 Larger, results from many Larger, results from many 
different labsdifferent labs

 Larger representation ofLarger representation of Smaller representation of Smaller representation of 
patternspatterns

 Tends to be less diverseTends to be less diverse

 Larger representation of Larger representation of 
patternspatterns

 More diverseMore diverse
 Sometimes different Sometimes different 

“common” patterns than seen “common” patterns than seen 
nationally or in other regionsnationally or in other regions

 Different “common” patterns Different “common” patterns 
than seen locallythan seen locally
S i f llS i f llnationally or in other regionsnationally or in other regions

 Can only see local Can only see local 
representation, no national representation, no national 

 See representation from all See representation from all 
over, different regionsover, different regions

perspectiveperspective



Local vs. National DatabasesLocal vs. National Databases

E pl f h t i ft i ti l d t bExample of  what is often seen in a national database
Cannot always see the differences in the patterns
As more patterns are uploaded to the database, pattern names may changep p p y g
If  a PHL has a question about a pattern name they should call or email the 
database team—it can be explained why it is named that way



Interpreting Patterns within Interpreting Patterns within 
Outbreaks: General RulesOutbreaks: General Rules

 Rerun isolates with unclear bands poorRerun isolates with unclear bands poor

Outbreaks:  General RulesOutbreaks:  General Rules

 Rerun isolates with unclear bands, poor Rerun isolates with unclear bands, poor 
resolution resolution 
 Reproducibly different = different patternsReproducibly different = different patterns Reproducibly different = different patternsReproducibly different = different patterns

 Err on the side of calling things the sameErr on the side of calling things the same
 Additional tests may be necessaryAdditional tests may be necessary
 Sometimes pattern designations need to be Sometimes pattern designations need to be 

reconsideredreconsidered



Interpreting Patterns within Interpreting Patterns within 
O b kO b kOutbreaksOutbreaks

F ill (F ill ( ll d i ) lld i ) ll For surveillance (For surveillance (clustercluster detection), allow no detection), allow no 
differences for possible matchesdifferences for possible matches

 For outbreaks (For outbreaks (casecase definition), differences may be definition), differences may be 
acceptableacceptable
 May be necessary for shigellosis infections (person to May be necessary for shigellosis infections (person to 

person transmission)person transmission)



Interpreting Patterns within Interpreting Patterns within 
O b kO b kOutbreaksOutbreaks

 State 1 and State 2 epiState 1 and State 2 epi linked isolates (commonlinked isolates (common State 1 and State 2 epiState 1 and State 2 epi--linked isolates (common linked isolates (common 
pattern)pattern)
S 3 l k i il b h dS 3 l k i il b h d State 3 pattern looks similar but hard to State 3 pattern looks similar but hard to 
determine if indistinguishabledetermine if indistinguishable

 State 3 should repeat PFGE on isolate, run State 3 should repeat PFGE on isolate, run 
second enzymesecond enzyme

Epi-linked: State 1
Epi-linked: State 2

Concurrent OB: State 3Concurrent OB: State 3
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Questions?Questions?Questions?Questions?

Thank you for your attentionThank you for your attention
Th findin nd n l i n in thi pr nt ti nTh findin nd n l i n in thi pr nt ti nThe findings and conclusions in this presentation The findings and conclusions in this presentation 

are those of  the author and do not necessarily are those of  the author and do not necessarily 
represent the views of  the Centers for Disease represent the views of  the Centers for Disease 

C l d P iC l d P iControl and PreventionControl and Prevention


