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Purpose:

AThis chart book provides a summary of information that addresses the
occurrence of Legionnaires' Disease in Genesee County, Michigan, with a focus ol
2014-2015. It describes patient information that has been obtained after the

2014nnup 2dZioNBlITa 2F [SIA2yyHANBaQ 54

AData that support this document are the product of the enhanced surveillance
associated with an outbreak investigation. BeKond traditional passive disease
surveillance, outbreak investigations involve the collection of additional
information from patients that are related to the outbreak. This process can
include information from numerous sources, including supplemental patient
interviews, intensive review of medical records, and data available from death
certificate review. The information is compiled and analyzed to better describe
the outbreak and potential sources of infection

AVisualizations were created to assist in understanding the epidemiology of the
cases and summarize what is now known regarding exposures in Genesee County




Information for this report includes data that were made available to the Michigan Department of Health and
Human Services (MDHHS) subsequent to the 206 outbreak. This report includes information gleaned from
review of completed medical records, inherently delayed vital record (death certificate) information, laboratory
testing summaries, and environmental testing information that were either not compiled or not provided to the
MDHHS in 2032015.



Legionellosig Background

ALegionellds a type of bacteria that normally lives in wet and warm environments

AlLegionellecan be routinely found iIn mamade water systems, as well as in most
natural freshwater sources and séil

AlInfection most commonly occurs from inhalibggionellacontaining water particles
A Most individuals infected withegionellebacteria never develop symptoms of disease
A Pontiac Fever is rarely diagnosed since the mild symptoms lead few seek to medical attention

A Legionnaires' Disease is pneumonia froegionellebacteria

A Most people who develop Legionnaires' Disease have one or more health risk#actoss dzOK & F 3S
smoking (current and prior use), chronic lung disease (COPD, emphysema), a weakened immune system,
systemic malignancy, diabetes, kidney disease, or liver diséase

A Legionella pneumophilagrogroup 1 is théegionelldbacteria that most frequently causes
Legionnaires' Disease
Aazatd AYRADGARIZ & sK2 RS dédiogeldaftediaotharyhyilesion®la Q 5A &4 St 2
pngumophilaserogroup 1 (nofLpl) have a weakened immune system from underlying disease or medication
us

lvan Heijnsbergen E, et al. Confirmed and potential sources of Legionella reviemén Sci Techn@015, 49: 4794815.
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“Donohue M, et al. Widespread molecular detection of Legionella pneumophila serogroup 1 in cold water taps across théatéstEd\Bon Sci Techn@014;48:3148152.

5Kruse E, et al. Prevalence and distribution of Legionella spp in potable water systems in Germany, risk factors astiocateahvimation, and effectiveness of thermal disinfectiéim J Infect ControR016;44:47474.
STravis TC, et al. Survey of Legionella species found in ThaitsdiMicro 2012, Article ID 218791.
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Legionellas a type of bacteria that normally lives in wet and warm environmerggionellacan be routinely
found in manmade water systems, as well as in most natfireshwater sources ad soit.

Infection withLegionellébacteria most commonly occurs from inhalationL@&gionellacontaining water particles,
but can also occur due to aspiration (breathing in water as you drinking).

Most individuals infected withegionellabacteria neve develop symptoms of disease. Others may develop
Pontiac Fever, which is rarely diagnosed since the mild symptoms lead few seek to medical attention.

LegionellahA Y FSOGA2Y OFyYy €SIFR G2 | RAF3Iy2ara 2F LloSedzy2y Al
GAOK [ SIA2YyYIFANBAQ 5AaSaSoKpabl afy/ SAaERNRYRANB] KEI Ol B NE
smoking (current and former smoking), chronic lung disease (COPD, emphysema), disorders or medication use
leading to a weakened immungstem, systemic malignancy (cancer), diabetadndy disease, or liver disedse

Legionella pneumophilserogroup 1 (Lpl) is tHeegionellebacteria that most frequently causes Legionnaires'
5AaSlFaS® az2add AYRAODARZ fa 6K2 RS JbBepignklpcermii. yhght A NB & Q
Lpl) have a weakened immune system from unded disease or medication use

Sources:

(1) van Heijnsbergen E, et al. Confirmed and potential sourdesgibnellareviewed. Environ Sci Technol. 2015, 49: 47975.

(2) Centers of Disease Control and Prevention. What clinicians need to know about Legionnaires' Disease. Retrieved fréid/2017
https://www.cdc.gov/legionella/downloads/féegionellaclinicians.pdflast updated 5/15/2017).

(3) Burillo A, et al. Microbiology and epidemiology of Legionnaires' Disease. Infect Dis Clin N Am. 20717;31:7




Legionellosig Background 2

Aldentificationof Legionellabacteria from a source does not necessarily
indicate a risk for human disedse

ACommon sources of transmission to humans include showers/faucets, cooling
towers, hot tubs, fountains, hot water tanks, and large plumtspstems®

ASources never or rarejssociated with human disease include surface water
(lakes, rivers), groundwater, rgior natural soift-3.6

ADiagnostic tests used to identifegionellebacteria in clinical specimens
Include urinary antigen testing for Lp1, culture, paired serology, direct

fluorescent antibody (DFA) testing, and polymerase chain reaction (PCR
testing®

and potential s s of Legionella revBmanin Sci Technd015, 49: 4794815,
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etection of Legionella pneumophila serogroup 1 in Idwt tp theatm;tEd\B Sci Te hal01448314&152
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E, en Legionella spp in po t ble water yt ms in Germany, risk factor: sm aéahvination, and effectiv of thermal disinfectiém J Infect ControR016;44:47474.
vis TC t al. Su n/ey fL egiol II p s fou d ThaitsdiMicro 2012, Article ID 218791.
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Identification ofLegionellebacteria from a source does not necessarilyigate a risk for human disease

Common sources of transmission to humans include showers/faucets, cooling towers, hot tubs, fountains, hot
water tarks, and large plumbing systefiisSources never or rarely associated with human disease include
surface water (lakes, rivers), groundwateain, or natural sofif*.

Diagnostic tests used to identibegionellabacteria in clinical specimens include urinary antigen testing (UAT) for
Legionella pneumophilserogroup one (Lpl), as well as culture, paired serology, direct fluorescent antibod
(DFA) testing, and polymerase chain reaction (PCR) t&stirigh can pick up many types lofgionella

Sources:

(1) van Heijnsbergen E, et al. Confirmed and potential sourdesgibnellareviewed. Environ Sci Technol. 2015, 49: 478975.

(2) Ceters of Disease Control and Prevention. What clinicians need to know about Legionnaires' Disease. Retrieved 7/14/2017 from
https://www.cdc.gov/legionella/downloads/fédegionellaclinicians.pdflast updated 5/15/2017).

(3) Burillo A, et al. Microbiology drepidemiology of Legionnaires' Disease. Infect Dis Clin N Am. 2012731:7

(4) Donohue M, et al. Widespread molecular detectioh@fionella pneumophilserogroup 1 in cold water taps across the United States. Envron Sci Technol.
2014;48:31453152.

(5)Kruse E, et al. Prevalence and distributioh@fionella spjn potable water systems in Germany, risk factors associated with contamination, and
effectiveness of thermal disinfection. Am J Infect Control. 2016;444470

(6) Travis TC, et al. SurveyLefjionellaspecies found in Thai soil. Intl J Micro. 2012, Article ID 218791.




National and Statewide Legionnaires' Disease Incidence Trends

National Trends Michigan Trends
a ™
_ Legionnaires' Disease Is On The Rise Legionnaires’ Disease Rise in Michigan 2000-2016
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percentbetween 2000 an@014. Michigan experienced a 3pbrcentincrease in the rate between 2000 and

2016 or abouta 13 percent Yy dz £ Ay ONBlF aSd aAOKAIFIYyQa KAIKSAG AYyOA
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popuation).

The reasons for increasing rates of Legionnaires' Disease are likely multifactorial including:
1 Increased use of diagnostic testing due to an increase in clinician awareness and testing availability*
1 Improved reporting of the disease to public liba
T ¢NHzS AYONBlIaS Ay FNBIljdzSyoOoe 2F [SIAZ2YYIlIANBaAQ 5A4aSH

o

0]
0]
0]

Increase in number of persons with medical conditions or immunocompromising medications that
put them at high risk for Legionnaires' Disease

Increase in number of persons at high risk duenawgerall aging population

Aging plumbing infrastructure

Changes in climate

*No reliable method has been identified for determining the relative contribution of increadsesgionella
diagnostic testing to overall trends of Legionnaires' Disease rates.
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Investigation Methods and
Definitions
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Legionellosis Case Definition

AClinical Description

AlLegionellgsis is associated with two clinically and epidemiologically distinct
AtftySaasSay [SIAA2yylFIANBaQ 5AaSlasSz ¢
cough, and clinical or radiographic pneumonia, and Pontiac Fever, a milder
iliness without pneumonia

ALaboratory Criteria for Diagnosis
AConfirmed

A By culture: isolation of anlyegionellaorganism from respiratory secretions, lung tissue,
pleural fluid, or other normally sterile fluid

A By detection of_egionella pneumophilserogroup 1 antigen in urine using validated
reagents

A By seroconversion: fourfold or greater rise in specific serum antibody titeegoonella
pneumophilaserogroup 1 using validated reagents

14




From a public health perspective, a case of Legionellosis is defined based on clinical informatcedppvi
health care providers and laboratories.

The surveillance case definition is a set of uniform criteria used to define a disease for public health surveillance.
Surveillance case definitions enable public health officials to classify and countoasestently across reporting
jurisdictions. Every year, case definitions are updated withtl&Centers for Disease Control and Prevention

(CDC) using Position Statements developed by the Council of State and Territorial Epidemiologists (CSTE). They
provide uniform criteria of national notifiable infectious and nmrfiectious conditions for reporting purposes
(https://wwwn.cdc.gov/nndss/conditions/notifiable/2018/infectioudiseases/)

Confirmation of Legionellosis is defined as a case of illnesslerinonstrates the symptoms of the disease AND
has laboratory determination of the presence of the causative orgarisgignelld.

15



Culture Testing

AA sputum culture is a test to detect and identify bacteria or fungi that
Infect the lungs or breathing passages. Sputum is a thick fluid
produced in the lungs ania adjacent airways. A sample of sputum is
placed in a sterile container and sent to the laboratorytésting

ATheexperience of laboratory staff is also important, and laboratories
experienced at.egionellaculture are more likely to recover the
organism

wSttSNE [ @ CFNIKS 28AyaidSays aSt gay t oCLlinkafIRectiosgMiReastdiume 3} I98ue B, 1 daduarg Z083, FAgeEHBBA & 2F [ SIA2y Sttt LyFSOlAazys
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Obtaining material (i.e. sputum) from patients that can be cultured_ggionellagrowth in the laboratory is
important for two reasons. First, cultures can identify any additional serogroupsgibnellahat may not have
been detected by urine antigen testing.

Secondly, clinical isolates that are cultured from patients can be compared to environmental isolates obtained
from water in fountains, cooling towers and hospital water systems, to enhance epidemib@lodjngs with
laboratory matches at the genetic level for the organism.

During the outbreaks of 2014 and 2015, the public health community strongly encouraged that ALL Genesee
County hospital§ obtain a sputum specimen at the time of urine colleabio AT for ALL patients in the
NEO23Iy Al SR NARA&a]l OFUOSI2NASAE F2NI [ SAA2YYI ANBAQ 5AaSlH &¢

(s}
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6469
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Standard Public Health Case Investigation

Health care provider

A Local health
d'@9“°ses. department State and local public
Legionellosis ; P ; health review data in
o interviews assigned !
Refers to Michigan cases MDSS to describe
Disease Surveillance trends in disease
System (MDSS) May gather other incidence and identify

information such as
health records and
enters into MDSS

potential sources of
infection

health department
where case diagnosed
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Potential cases of Legionnaires' Disease are identified through laboratory testing by health care providers. Cases
are referred for public health assessment by the healthcare and latigrabmmunities via the Michigan Disease
Surveillance System (MDSS). When referrals are made (either manually via a web portal or via automated
electronic transmission), they are immediately geocoded and assigned to the appropriate local health jumisdictio
for follow-up. The MDSS automatically refers potential cases of Legionnaires' Disease detected in Genesee
County residents to the County Health Department.

Interviews are conducted of case patients (or their proxies if the patient is too ill to be interviewed) to gather
information about disease onset and any exposure to potential sourcesgbnellgsuch as water towers).

Information on symptom onset, pignt residence, recent hetdl care received, recent travednd other variables

I N O2ff SO0SR (2 dzy RS NAheldgtacollécked abdut each cakdlisientéed intOthe K A a (0 2
MDSS and reviewed at state and local level to identify chamgesnds of disease and potential outbreaks, as

well as identify potential sources of infections.

The sooner patient interviews are completed by local public health staff and entered into the system, the sooner
exposures can be evaluated to better understl trends and commonalities of exposure. Significant delays in the
conduct of interviews slow down the identification of exposures that could be remediated to prevent other

people from becoming infected. Further, delays can contribute to recall biasti@nis will recall less about

GKSANI SELIRadzNB& LINA2N) G2 AftfySaa 2yasSi AT GKS LI GA Sy
diagnosis. Delay also increases the risk that a patient will be lost to fajipwas the challenge of trackinigwn

patients to conduct interviews increases with time.

For 2014, during the first wave of iliness, an average of 201 days passed between the MDSS referral of the patient
to Genesee County Health Department and completion of patient interviews. GeGessgy Health

Department failed to accept the MDHHS offer of assistance and failed to complete patient interviews in a timely
manner. In 2015, when MDHHS staff were assisting, patient interviews were completed an average of 4.6 days
after referral, with anedian of one day.

19



Suspected Outbreak: Enhanced Case Investigq

Extended Patient Review death

medical

Questionnaire records certificates

Environmental Geocode
and laboratory residence by
data water system

Examine billing
records
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An outbreak may be suspected when there is a significant increase in cases reported or a common exposure(s) is
identified. An enhanced public health investigatiommglertaken to identify a potential source(s)lofgionella
exposures that can cause infection. The information from initial interviews informs the development of outbreak
specific questionnaires, further examination of data, and analysis. This procegssaslinformation is found

out about cases and potential exposures.

The enhanced investigation in response to the 2014 and 2015 Genesee County outbreak included the collection

of a substantial amount of additional data, much of which was not readidylable during the initial

investigation. Data were collected to identidinyLegionellaexposures patients may have had during their

incubation period the time window when the exposure to theegionellebacteria that infected the patient

would have occurred. Of particular concern are buildings that are at higher riskhbadriveg and transmitting

Legionelldi 2 LIS2 L) S RdzS G2 (GKS o0dzAf RAy3aQa &GNHzOGdzZNBxX &Al
susceptibilities of people found within. For example, buildings with more than ten stories and health care

facilities are at prticular risk of transmittingegionellal 2 LI §ASyGao ¢KS (1Seé& (2 LINBGS
for building owners and managers to maintain building water systems to reduce the tisgiohellagrowth and

spread.

The enhanced investigation i®24-2015 Genesee County dareak focused on key objectivdsat required
multiple data collection and review steps:

Objective Onetdentify status of exposure to high risk settings and buildings for all cases.
1 Interview patients with extendedquestionnaire, ranterview patients with incomplete data.
9 Gather additional medical records, including death certificates, whenever available.
1 Review additional data from hospital infection control.
1 Review health insurance billing claims data for sonteepgs unable to be interviewed.

21



Objective TwoAssess place of residence during incubation period for all cases.
1 Geocode all incubation period residential locations onto a map oftim watersystem We did not
include acute care healthcare facilgias places of residence.
1 Compare addresses with residences recei¥ingt water(including outside Municipal boundary).
1 Compare case addresses with utility billing records for the incubation period.
1 Review historical water use data by residential addrebsained from the City of Flint.

State and local public health reviewed supplemental data to describe trends in disease incidence and identify
potential sources ofegionellanfection.

22
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Other Outbreak Investigation Case Definitions

AConfirmed case laboratory confirmation otegionelldn a person with
clinical illness compatible with Legionellosis

ASporadic case: Legionellosis case with no common exposures to other
Legionellosis cases

AHealthcareassociated cadé: A person who visited, worked, or stayed in a
hospital in Genesee County as an inpatient, outpatient, visitor, or employee
during 2 weeks prior to Legionellosis symptom onset date

A Possible healthcarassociated: Anjiealth care facilitexposure for a portion of 14
days preceding symptom onset

A Definite healthcareassociated: Continuous exposure to a hospital or {emm care
facility for the entire 14 daygreceding symptom onset

*https://wwwn.cdc.gov/nndss/conditions/legionellosis/caskefinition/2005/. Accessed June 16, 2017.
2Soda EA, Barskey AE, Shah PP, et al. Vital Signs: Heajth&are2 OA I (1 SR [ SIA2y Yyl ANBAQ 5 A and alm§e MeoNditdnitah Unifed States, 12G15. MMWME Morb Martal{wkly Kief 2017;66;58. DOI:

http://dx.doi.org/10.15585/mmwr.mm6622e1.
Shttp://iwww.michigan.gov/documents/mdhhs/Legionellosis_investigation_guidance_070516_530365_7.pdf. Accessed June 16, 2017.

24



The definitions above were used to determine different types of cases, including confirmed cases, sporadic cases
and health care associatarhses. National definitions were used, includiragn the Council of State and
Territorial Epidemiologists.

Sources:

(2) https://wwwn.cdc.gov/nndss/conditions/legionellosis/cadefinition/2005/. Accessed June 16, 2017.

(2) Soda EA, Barskey AE, Shah PP, et al. Vital Signs: Healts@miated Legiy y  ANS&Q 5A4SIasS {dz2NBSAttlyOS 5FiGF FTNRY
Areat United States, 2015. MMWR Morb Mortal Wkly Rep 2017;66;588. DOI: http://dx.doi.org/10.15585/mmwr.mm6622e1l.

(3) http://wvww.michigan.gov/documents/mdhhs/Legionellosis_istigation_guidance_070516_530365_7.pdf. Accessed June 16, 2017.
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Timing Investigation Definitions

Alncubation Period: the 14 days prior to Legionnaires' Disease
symptom onset

AOnset Date: Date of onset of the first symptom(s) consistent with a
diagnosis of Legionnaires' Disease

AReferral Date: Date that the case was reported to public health by the
diagnosing healthcare facility, laboratory or provider

AOutbreak Associated Death: confirmed case of Legionellosis who
passed away during their treatment, within thirty days of dlscharge
FYRK2NI KIFR [ S3IAZ2YYI ANBQa 5A4aSH
death certificate

26




Outbreak specific definitions were also determined for incubation period, onset date of first symptoms, MDSS
referraldate, and outbreak associated death.

LyOdzol GA2Y tSNA2R FT2NJ [ SIA2YyYlIANBaQ 5AaSFasS Aa dzadz f
investigations, it is routine to consider an incubation period of up to 14 days prior to symptom onsetresldefi
by the Centers for Disease Control and Prevention.

Onset date is the date that the first symptoms of Legionnaires' Disease are recognized, such as malaise, fever, or
O2dzZaK® hyasSid RIFIGS A& ARSYUATFTASR FNRY GKS OlFasS AyidSNI

Referral Date is the date that thesmwas reported to public health by the diagnosing healthcare facility,
laboratory or provider. Referral Date will be the most complete dates for any reportable disease, given that any
reported case must have a referral date as a prerequisite to entrytir@dlichigan Disease Surveillance System.

Outbreak Associated Death are deaths that occurred to a case of Legionnaires' Disease. Patients who passed

away during their treatment, within thirty days of being discharged from the health care facility,amhad

[ SAA2YYIIANB&aQ 5Aa8FasS tAaA0SR Fa  O2yGNROdziAy3a FI Of:
outbreak associated death.
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Geographic Definitions for Exposures

AResidential exposure variables

AFlint water: Primary nofhospital during the incubation period (184 days
preceding symptom onset, for nesutbreak and outbreak settings,
respectively) at a location actively receiving Flint municnger

ANon-Flint water: Primary notospital residential address during the
incubation period (1€L4 days preceding symptom onset, for routbreak
and outbreak settings, respectively) at a location serviced by a source of
water other than Flint municipalater

28




The geographic definitions for neential exposure variables above are specific to this outbreak in Genesee
County.

Information about where a Legionnaires' Disease patient was living during their incubation period was mapped to
determine if the residence was served by fAlent watersystemor not. A residence not oRlint watercould
receive water from another municipal system or community water supply or from a private drinking water well.

29



Other definitions

AEnvironmental Isolate: Bacteria grown from a sample collected from a
suspected source of infection (e.g., building water system sample)

AClinical Isolate: Bacteria grown from a specimen (e.g., sputum)
collected from a patient

AUAT:Legionellaurinary antigen test detects the presence of antigen
specific toLegionella pneumophilserogroup 1, the most common
bacterial causing human iliness, accounting for ~80% of Legionellosis

caSes

30




Results
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Culture Testing Submissions From Hospitals
2014¢ 2015 Legionnaires' Disease Cases in Genesee County, Michigan

33




Collection and Submission &putum Samplefrom Genesee County Patients
gAOGK [ 2y TANY DeafeIDRO2AFLI6 A NE & Q

Confirmed LDpatientswith [ 5 LJ GA Sy

Hospital of Diagnosis* LD patients any sputum culture culture for Samples submitted to Samples with viable
(by year of onset) reported collectecn Legionelldt MDHHSBOL or CDC isolates (egionellagrew)
2014
McLaren Flint 17 1 (6%) - - -
Hurley 13 1 (8%) - - -
Genesys 5 - - - -
Hospitals outsidegGenesee County 5 - - - -
2015
McLaren Flint 31 16 (52%) 6 (19%) 2 (6%) 1 (3%)
Hurley 3 3 (100%) 3 (100%) 3 (100%) 3 (100%)
Genesys 12 9 (75%) 4 (25%) 7 (58%) 4 (25%)
Hospitals outsidegGenesee County 4 - - - -
2016
McLaren Flint 5 1 (20%) 1 (20%) 1 (20%)
Hurley 5 3 (60%) 3 (60%) 3 (60%)
Genesys 6 3 (50%) 3 (50%) 1 (17%)
Hospitals outsidegGenesee County 1 - - -

*Guidance on respiratory sample culturing was targeted to the 3 Genesee Cobospitals. “Based on review of available medical records, which
may beincomplete. - = Zero samples collected/submitted

34




During an outbreak, hospitals should obtain a sputum sample from every suspected Legionnaires' Disease
patient. The table above provides thember of patients each hospital treated, the number of sputum samples
each hospital obtained (either respiratory or specificallylfegionellaesting), the number of samples that were
shared with the state health department laboratory to determine whatetyof bacteria were in the sample, and

the number of submitted samples which were found to be testable in the State laboratory. Knowing the detailed
analysis of the bacteria in the samples can help understand where people were infected and what needs to be
done to prevent further infections.

NO specimens were provided to the MDHHS Bureau of Laboratories (BOL) from any of the 2014 cases of
[ SAA2YY I ANBAQ 5AaSlraS Ay DSySasSsS /2dzieéeod

Twelve sputum specimens/isolates were delivered to the BOL from case$5nQ@Dthel2, eightwere viable
(testable). Four were found to be nemable (i.e., no growth in laboratory or the sample contained contaminated,
untestable isolates).

1 Hurley Hospital submitted samples to BOL from p@ftentof the Legionnaires' Disease patients treated
at their facility; Genesys Regional Medical Center pexygamples for 58ercentof patients.

1 While McLaren Flint treated 31 patients for Legionnaires' Disease in 2015 and collected 16 sputum
samples, onlywo samples were submitted by McLaren Flint Hospital to MDHHS$sBQdercenk.

0 These two specimens were from two of the earliest patients treated at the hospital in 2015 and were
submitted before the general increase in cases was recognized (June 2d5hat point, no
subsequent samples were received by BOL, even as patient counts increased dramatically through
early August 2015. It would have been clear to the hospital that many of these patients had been
recently treated in McLaren Flint Hospital.

o Throughout 2014015, no environmental isolates from any positive environmental tests of the
aO[ I NBYy CtAyGiQa LRaloftS 6FG§SN aeaidSYy oSNB &adz Y
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comparison to clinical specimens. Four samples were provided franexternal cooling towers in
August 2015.

o Genesee County Health Department reported to MDHHS that GCHD staff had directed that McLaren
Hospital retain any isolates for further testing at a later date.
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Case Demographi@nd Residential Geography

2014¢ 2017 Epidemiology of Legionnaires' Disease in Genesee County,
Michigan
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20142015/ 20162017 Legionnaires' Diseaagsenesee County
Demographic Data

20142015

Total Confirmed Cases: 90

2014-40
2015 50

Age

Range: 2®4 years (Median: 65.5 years; Mean: 65.4 years)

Sex
Male: 47 (52.2%)
Female: 43 (47.8%)

Health Risk Factors

Underlying medical condition§2/74 83.8%)
(16 individuals have an unknown underlying medical
condition status)

Current/former smoker: 57/73 (78.1%)
(17 individuals have an unknown smoking status)

Not a current/former smoker and no known underlying
medical conditions: 3/73 (4.1%)

20162017

Total Confirmed Cases: 30

2016- 17

2017-13
Age

Range: 3®0 years (Median: 60 years; Mean: 62.1 years)
Sex

Male: 15 (50%)

Female: 15 (50%)

Health Risk Factors
A Underlying medical conditions: 22 (73.3%)
A Current/former smoker: 23 (76.7%)
A Not a current/former smoker and no known
underlying medical conditions: 2 (6.7%)
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In 20142015, there were 90 confirmed cases of Legionnaires' Disease in Genesee County-2012016ere

were 30 confirmed cases. The ageaga for cases in 2014 and 2015 outbreaks426years) falls within the
expected range based on historic data for Michigan and the nation. In 2016 and 2017, the average age of the
cases was appraxately three years younger with a two percdawer percenage of male cases than in 2014
2015.

Enhanced information for comparison between outbreak and-natbreak years is only available for cases from
20142017, when a supplemental data collection tool developed in 2015 was employed in response to the
outbreak. Eightyfour percent of the 2014 and 2015 cases presented with existing underlying medical conditions,
compared to 7Jercentof the 20162017 cases. Not only does the presence of existing risk factors increase the
likelihood of infection following expaose to Legionellabut the higher percentage of eamorbidities can be
associated with a higher risk of hospitalization for treatment at the hospital where the exposuegitnella

bacteria took place.

The distribution of cases from 202015 wasconsistent with other healthcare associated outbreak described in
literature that included cases with increased median age and a higher case fatalitydteor to the 20142015
outbreak years, Genesee County cases presented with a younger mediésBagmars) and greater proportion of
male patients which is consistent with community acquired Legionrdissase patterns nationalh?3

Sources

LGarrison LE, Kunz JM, Cooley LA, et al. Vital signs: deficiencies in environmental control$dBntifA y 2 dzii 6 NB I { & tNérth[ SIA 2y Y
America, 200§2014.MMWR Morb Mortal Wkly Rep016;65:57684.

2 Jespersen S, Sggaard OS, Schagnheyder HC, et al. Clinical features and predictors of mortality in admitted patients witj+ @mtimu

hospitatacquired legionellosis: A Danish historical cohort stBiC Infectious Diseas2810;10:124.

SPhinN,ParsrC2 NR CX | I NNRA&az2y ¢ S Ffd 9LIARSYA 2 2ahcet Infegt RIRODL 14041 € Y I y I IS
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identifies where the patient spent their incubation period, regardless of permanent residential address. This
assessment did not specify the amount of time the patient may have spent at that adadthestivo weeks prior

to illness onset.

The number of cases in a geographic area divided by the number of people who live there is called an incidence
rate. The rate makes it possible to compare the number of cases of a disease in geographic areas of different
population sizes.

Thesemapssiio GKS NI GSa 2F [SIA2YyYyIlIANBaAWY 5A4aS1aS Ay DSySa
LI GASYyGaQ AyOdzol 0A2Yy LISNA2R NBAARSYOS FT2NJ wuamn FyR
1 Rates are per 100,000 residents per year
9 The dark black outline depicts the boundary of the Citlfloft (enhanced in the second map)
o Note: Not all census tracts within Flint municipal boundaries are ofrliné watersysten) the water
also system extends beyond the municipal boundaries in several locations; some residents outside
the Flint municipal boundaries are &itint water.
9 The colors in the map correspond to the rate of cases (see legend). For example, dark puwatesnd
census tracts where there were more than 70 to 80 cases of Legionnaires' Disease per 100,000 people.

The cases of Legionnaires' Disease were distributed throughout Genesee County in both years. While there was
considerable variability in rates bgrmsus tract, there is no evidence of strong clustering, either within Flint or the
rest of Genesee County.

These rates do not allow for assessment of any possible-sca# clusteringope to fivecases) geographically.
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Period Residence On/Off Flint Municipal Water

32%

@
Case patients not residing o Case patients residing on City of
City of Flint water Flint water
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identifies where the patient spent their incubation period, regardless of permanent residentisdssldr his

assessment did not specify the amount of time the patient may have spent at that address in the two weeks prior

to illness onset.

This graphic presents counts of Legionnaires' Disease patients who lived on and off thé-lthtyadtersystem
during their incubation period.

During20141 nmp X cm OF 8S&a 27T (derSeANigey iy & rash@hdéedhatvasa@ sedviSed byc y
City ofFlint watersystemduring their incubation period. (Blue figures)

Twentynine cags of Legionna NBE & Q 5 A & S} lidie8 at & residenca3haddvasysérviced by Citlylimit
water systemduring their incubation period. (Orange figures)

By comparison, in the baseline period (2@D13), 64percentof cases lived in a residence that was not serviced

by City ofFlint watersystemduring their incubation period. Thirgix percent lived at a residence in the City of
Flint.
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Number of Confirmed Cases

Trends for Legionnaires' Disease in Genesee County by Water Source

Legionnaires' Disease Cases by Month of Onset or Referral Date by Water Source --
Genesee County, January 2008 -- December 2017
[This includes 4 non-Genesee residents (1 in November 2014, 3 in August 2015)]
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This chart presents the incidence of Legionnaires' Disease in Genasay Between January 2008 and
November 2017. Each block on the chart represents one confirmed Legionnaires' Disease patient whose
symptoms started during that month. If symptom onset was not available in the record forZIi(Bcases, the
referral date wa used in its place.

1 Orange blocks: case patients with incubation period residence oRlthewatersystem

1 Blue blocks: case patients with incubation period residence not ofrlihewatersystem

9 Text boxes below the graphic provide the total numbécases each year.

Legionnaires' Disease typically presents with a seasonal pattern of increased incidence from late spring to early
fall. There were two waves of illness evident in 2014 and 2015 outbreak. These waves were clearly delineated
with a return to expected levels during the spring months of 2015.

These data demonstrate a return to near expected baseline number of cases in 2016 and 2017. The average
number of cases in the baseline period before the outbreak (between 2011 and 2013) wasubllya(range: 8

13). When the average annual statewide increase of 13 percent is applied to this county, the expected incidence
F2N) [ SAA2YyYIFANBQa 5AaSHaS g2ddd R 06S 0S06SSY MH YR mMc
cases in 2017Seventeen cases were reported in 2016 and 13 in 2017. The observed number of cases in 2016 and
2017 represent a return to the expected number of cases, adjusting the baseline number for the increase in cases
statewide.

¢tKS RA&GGNRAROdzOAZ2Y 2F OFasS LI GASyGa o0& ol GSNI adaasSy gi
were onFlint watersystemin 2013 and in 2014. In all other years, more than 50 percent of the cases were from
non-Flint waterresidences.

Note that these data includ®ur non-Genesee resident®Ke case in November 2014nd threein August 2015).
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High Risk Facility Exposures
2014¢ 2015 Legionnaires' Disease Cases in Genesee County, Michigan
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In nature,Legionelldive in fresh water and rarely cause iliness. Br¥made settingsl.egionellacan grow if
water is not properly maintained. These marade water sources become a health problem when small droplets
2F gl GSN) OKFG O2y il Ay GKS ol OOSNAEF 3ISG Ayia2 ise&s8 | A NJ
are often associated with large or complex water systems, like those found in hospitals, hotels, and cruise ships.
ASHRAEBNndCDC recommend that buildings have a Water Management Plan for hot and cold water systems if
the facility:
1 is a health ca facility where patients stay overnight or where people who have chronic and acute medical
problems or weakened immune systems are housed,
1 is a building that primarily houses people older than 65 years (ex. retirement home or adsisigd
facility),
91 has multiple housing units and a centralized hot water system (ex. hotel or apartments), or
1 has more than 10 stories (including basement levels).
Some devices can also spread contaminated water droplets, such as cooling towers, hot tubs that areedt drai
between each use, decorative fountains, or centratistalled misters, atomizers, air washers or humidifiers.
These devices need a water management plan to maintain their safe use.

Water management programs identify hazardous conditions and initiate steps to minimize the growth and
transmission of_egionellaand other waterborne pathogens in building water systems. Water management

industry standards are laid out in the (ASHRAE 8@ionellosis: Risk Management for Building Water Systems

June 26, 2015. ASHRAE: Atlanta). The CDC has developed a practical guide for implementing these standards
G5S@St2LIAY3I | 2 GSNI al yleghdNINRI G G MNR2IFWR Y{ LIRS WB RMd30S. dzA f
(https://www.cdc.gov/legiorella/WMPtoolkif).

MDHHS asked about patients about locations they visited or traveled to during their incubation period (14 days
0ST2NE GKSe& 0SOFYS Aft0 (2 ARSY(OGATe O2 Yesyhattomld A S& ¢
potentially harbor_egionellebacteria.
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Facilities at High Risk fdregionellaTransmission In and
Near the City of Flint in Proximity to All NeResidential
Exposures Reported by Case Patients
Genesee County, 2012015
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Potential Incubation Period Exposure Sites
Reported by Case Patients

/ _\ >50 cases

© Health care facilities

O Shopping center

O General public buildings

© Sites involving outdoor exposurés

31-50 cases

Buildings providing
services/facilities involving water

16-30 cases ©

o) Other public buildings with

5-15 cases potentially complex water systenfs

U 1-5 cases
dzA t RAy3a 4 LYONBFaSR whialj
(due to either facility characteristics or vulnerability of population)

?.dzAtR)\YEI X y aG2NASa Ay

¢ Longterm care facility

(3) Hospital

IHealth care facilities: hospitals, lontgrm care facilities, outpatient clinics

2Shoppingcenters: grocery stores, retail shopping centers

3Generalpublic buildings: churches, smaller office buildings, restaurants, auditoriums, schools, theaters
4Sitesinvolving outdoorexposures: landscaping sites, construction sites, other outdoor work sites, campgroy
SBuildingsproviding services/facilities involvingvater: car washes, salons, gymnasiums

80ther public buildings with potentially complex watesystems: hotels, casinos
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incubation period (14 days before they became ill), in order to identify commonalities between p&tients
exposures to buildings or devices that could potentially hatlemionellabacteria.

Legionellébacteria are most likely to grow within the plumbing systems of buildings where ideal conditions for

growth such as warmer temperatures and stagnation@2 YY 2y ® . dzAft RAy 34 Yl & 65 02y
Legionellabased either on certain building characteristics that are more likely to protegeonellagrowth or

0FAaSR 2y AYONBI&aSR 4dzaOSLIiAOAT AG& 2 TDiséakeSindvidekl§ dRRA Yy 3 2 (
older age or with certain medical conditions).

Similar to other cities around thaate of Michigan, the City of Flint has many buildings considered to be at high

risk, such as homes for the elderly (pink diamonds), tall buildmmgsge pins), and hospitals (blue circle with H).

This map shows the proximity of these high risk buildings in relation to all reportedesatential sites of
SELRadzNB RdzZNAyYy3 OF&S LI GASYydiaQ AyOdz!l i adsyastdSsbifbatRa & v
are not shown here in order to protect patient privacy. There were no residential sites of potential exposure

shared by multiple patients.

CKS YILI I 620S LINPJIARSE O2ft 2NJ O2RSR OANXDf S gatiehtKk A OK RS\
who reported visiting different locations (i.e., hospitals, grocery stores, office buildings, car washes, etc.) during

their incubation period. The color of the circle describes the type of facility. The size of the circle represents how
many Le@nnaires' Disease patients reported visiting or staying at that site during their incubation period.

The most frequently visited place among these patients was McLaren Flint Hospital (51 patidifis)next most
frequently visited locations were twgrocery stores who receive their water from municipal systems other than
the Flint watersystem(10 andsixpatients, respectively). Six case patients indicated they visited Hurley Hospital,
which is on the=lint watersystem Three of those six also reged visiting McLaren Flint Hospital during their
incubation period.
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Potential Cooling Towers in and Near the City of Flint in
Proximity to All NorResidential Exposures Reported by

Case Patients
Genesee County, 2012015
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Potential Incubation Period Exposure Sites
Reported by Case Patients

/ \ >50 cases
N

© Health care facilities

© Shopping center

O General public buildings

© Sites involving outdoor exposurés

© 31-50 cases
7

Other public buildings with
O 5-15 cases © potentially complex water systenfs

O 1-5 cases

Buildings providing
services/facilities involving water

16-30 cases ©

¥ Potential Cooling Tower Sites

(2] Hospital

1Health care facilities: hospitals, lontgrm care facilities, outpatient clinics

2Shoppingcenters: grocery stores, retail shopping centers

3Generalpublic buildings: churches, smaller office buildings, restaurants, auditoriums, schools, theaters
4Sitesinvolving outdoorexposures: landscaping sites, construction sites, other outdoor work sites, campground
SBuildingsproviding services/facilities involvingvater: car washes, salons, gymnasiums
6Other public buildings with potentially complex watesystems: hotels, casinos

50



tdzof AO | SIEOUK Fa1SR [SAA2YyYIFIANBAQ 5AaStHasS LI GASydGa |
incld F A2y LISNA2R omn RIFIé&a o0ST2NB (KSe o0SOFYS Affo0oz AY
exposures to buildings or devices, such as cooling towers, that could potentially hadponellebacteria.

In addition to certain buildings being higisk forLegionellagrowth, cooling towers are also known to be sites

where Legionellebacteria can grow and then spread to the surrounding areas through tiny water droplets.

. S0FdzaS O022ftAy3 G26SNE KIS 0SSy lasedRbieaks Woldwidgsad G K |
standard part of Legionellosis outbreak investigations involves mapping cooling towers in relation to locations
GKSNBE [SIA2yYyIlIANBaAaQ 5AaSasS LI aASyda Yle KFEGS GNF @St

This map shows those coolityvers in the City of Flint and surrounding areas (black markers) that were able to

be identified through satellite images such as Google Maps. This map shows the proximity of these cooling towers
in relation to all norresidential sites of exposure duein OF &S LI 0ASyGaQ Ay Odzol GA2y LI
potential exposure were also assessed but are not shown here to protect patient privacy. There were no

residential sites of potential exposure shared by multiple patients.

The map above alsopréaviSa O2f 2NJ O2RSR OANDt Sa gKAOK RSY2Y&aUGNI GS
patients reporting visiting different locations (i.e., hospitals, grocery stores, office buildings, car washes, etc.)

during their incubation period. The color of the circle déses the type of facility. The size of the circle

represents how many Legionnaires' Disease patients reported visiting or staying at that site during their

incubation period.

The most frequently visited place among these patients was McLaren Huodpital (51 patients)The next most
frequently visited locations were two grocery stores outside offhat watersystem(10 andsixpatients,
respectively). Six case patients indicated they visited Hurley Hospital, which is Bimtheatersystem Three of
those six also reported visiting McLaren Flint Hospital during their incubation period.
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[3) Hospitals
1@ Heaith care facilities 5-15 cases
O Shopping centers 1-5 cases

LEGEND

Potential Incubation Period Exposure
SitesReported by Case Patients

>50 cases

31-50 casegd

16-30 caseq

O

O General public buildings
© Sites involving outdoor exposurés

Buildings providing
services/facilities involving water

o

Other public buildings with
potentially complex water systenfs

1Health care facilities: hospitals, loaterm care facilities, outpatient
clinics

2Shoppingcenters: grocery stores, retail shopping centers
3Generalpublic buildings: churches, smaller office buildings, restaurant
auditoriums, schools, theaters ]
“Sitesinvolving outdoorexposures: landscaping sites, construction site
other outdoor work sites, campgrounds

SBuildingsproviding services/facilities involvingvater: car washes, salong

0ther public buildings with potentially complex watesystems: hotels,
casinos
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exposures to buildings or devices that could potentially hatlegionellabacteria. Legionnaires' Disease patients

from Genese County traveledo facilities across Michigan.

ThisY LJ LINP GARSa O2f 2NJ O2RSR OANDiSa gKAOK RSY2yaidNI G ¢
visiting different locations (i.e., hospitals, grocery stores, office buildings, car wash@sluging their incubation

period. Residential sites of potential exposure were also assessed but are not shown here in order to protect

patient privacy. There were no residential sites of potential exposure shared by multiple patients. The color of the
map circles describes the type of facilithe size of the circles represents how many Legionnaires' Disease

patients reported visiting or staying at that site during their incubation period.

The most frequently visited place among these patients waslMren Flint hospital (51 patients].he next most
frequently visited locations were two grocery stores outside offfhet watersystem(10 andsixpatients,
respectively). Six case patients indicated they visited Hurley Hospital, which is lBimtheater system Three of
those six also reported visiting McLaren Flint hospital during their incubation period.

No other large building with high risk plumbing in or outside Flint was identified as a common location that
patients visited during the two weelkncubation period before their symptoms begaif. deficiencies within the
Flint watersystemwere a major contributor to the increase in cases in Genesee County during2R@b4it
would be expected that there would be clustering of places of commonsaxpadn the multiple high risk
buildings and residential settings in the City of Flint. This was not observed.

MDHHS assessed many types of facilities and other structures of potesgianellaexposures. McLaren Flint

Hospital remains the strongest elemiologic signal of potential source tegionelldbacteria among the 2014
2015 cases. When considering the length of exposure (i.e., time during incubation period spent at the facility), the
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association with McLaren Flint Hospital is even more cleartieat, accounting for over 50 percent of all patient
SELIRAdzNE GAYS FY2y3a |ttt t20FGA2ya 6KSNB G662 2N Y2NB
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or Off the Flint Water System, 202015

ResidencéCount (Percent))

On FlintWater Not Flint Water Total

Totalsites Siteson Flint Water 65 (71%) 54 (24%) 119 (37%
SitesNot onFlint Water 26 (29%) 174 (76%) 200 (63%
Total Visits 91 228

Sitesexcluding all residential

addresses Visits to Sites on Flint Water 33(56%) 54 (33%) 87 (39%)
Visitsto Sites Not on Flint Water 26 (44%) 111 (67%) 137 (61%
Total Visits 59 165

Sites excluding all McLaren Flint

exposures Visits to Sites on Flint Water 13 (33%) 16 (13%) 29 (17%)
Visitsto Sites Not on Flint Water 26 (67%) 111 (87%) 137 (83%
Total Visits 39 127

Sites excluding all healthcare

exposures Visits to Sites on Flint Water 9 (28%) 8 (8%) 17 (12%)
Visitsto Sites Not on Flint Water 23 (72%) 97 (92%) 120 (88%
Total Visits 32 105
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Based on data about typical commuting patterns between Flint and surrounding areas, some people have
hypothesized thatthe 2014 nmp OF 4Sa 2F [ S3A 2 yHint reski#nis tould Hae Sdeddbe | Y2 v
to their exposure to thd-lint watersystemdue to repeated commutes into Flint. MDHHS used the data collected

from Legionnaires' Disease patients on the extended questionnaire to determine how many patients living in Flint
traveled outside of Flint and vice versa.

The 20142015Legionnaires' Disease patients visited 319 sites of potential exposure during their incubation
period, including 119 sites on thdint watersystem(37 percenf) and 200 sites not on thelint watersystem(63
perceni. Patients who lived on thElintwater systemvisited 91 places. Patients who lived outside of Flint visited
228 places. The majority of places visited by patients who lived oRlthiewatersystemwere on theFlint water
system(71perceni. The majority of places visited by patientsawdid not live on thé-lint watersystemwere

also not on theFlint watersystem(76 perceni. After excluding visits to residential addresses, patients who lived
on theFlint watersystemvisited 59 sitesFifty-sixpercent of these 59 noresidential ges were also on thé&lint
water system

Among patients who did not live on the water system, the majorityp@eni of 165 nonresidential places
visited were not on thé-lint watersystem Patients who did not live on tHdint watersystemhad 54 site visits
on theFlint watersystem Of these 54, a total of 16 were not achMaren Flint Hospital and only eigirre for
reasons other than seeking health care. Aside from McLaren Flint Hospital, no other high risk facility was
identified in these 54 visits.

After excluding all McLaren Flint and residential exposures, Legionnaires' Disease patients visited 29 places on the
Flint watersystem(17 percentof places) and 137 places outside of tHat watersystem(83 percentof places).

The majoity of sites visited by patients who lived outside of Flint were also outside of Flipe(@énj, but 67

percentof the places visited by patients who lived on et watersystemwere also off oFlint water.
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not on theFlint watersystenE  NB 3+ NRf Saa 2F LI GASydiQa NBAARSYOSd ¢KS
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significantly different in terms of age, number of medical conditions, and commuting behavior compared to the
general populations of Flint and Genesee County.
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Inpatient: 45

LEGEND
Hospitalized at Hurley Medical Center

Hospitalized at McLaren Flint

=

=Ro=Bo=Tofo o [o oo

Potential Hospital Exposures Amon
2014c2015 Genesee County
[ SAAZ2Y Yl ARBRAI) 5

Hospitalized at McLaren Flint and
Hospital X outside Genesee County

Hospitalized at McLaren Flint and
Hospital Y outside Genesee County

Hospitalized at McLaren Flint
and Hurley Medical Center

Visited Hurley Medical Center
as an outpatient and/or visitor

Visited McLaren Flint and Hurley Medical
Center as an outpatient and/or visitor

Visited McLaren Flint as an outpatient
and/or visitor

Outpatient/Visitor: 2

Inpatient: 1 Inpatient: 1 Inpatient: 2 ii

Hospital X Hospital Y Hurley Medical Center

(Outside Genesee County) (Outside Genesee County)

i

Outpatient/Visitor: 4

yeee

il

*Case patients with multiple hospital exposures are depicted in each location and included McLaren Flint
in the count for each location. In cases with both inpatient and outpatient exposures, only the inpatient exposure is sheven h
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hospital during their fourteen day incubation periodlhis graphic representaticsummarizes those exposures,
specifying the hospital where the exposure occurred and the type of exposure (inpatient stays, outpatient visits

or as a visitor). This information was available for the 83 patients who had a completed exposure history that was
ascertained through interview and/or record review (83 of 90 patients qoed2eny.

Of the 83 patients for whom complete exposure history was available, S5def@®ni case patients had hospital
building exposure during their 14 day incubation period.
9 Forty-sixof these 54 case patients experienced healthcare exposures in an inpatient setting, with the
remaining eight reporting exposure as outpatients or visitors.
9 Of the 46 case patients with inpatient exposures, 45g@&eni were hospitalized at Melten Flint
Hospital at some point during their 14 day incubation period.

A significant majority (51 of 54or 94 percent) of the case patients with any hospital healthcare exposures were
at McLaren Flint Hospital during their 14 day incubation peridtbity-sixof 54 85 percen) of the case patients
were exposed only to McLaren Flint during their 14 day incubation period, including 42 inpatient exposures and
four with outpatient or visitor exposures.

Three case patients of 54 (six percewere exposewnly to Hurley Medical Center during their 14 day incubation
period, including one as an inpatient and two as outpatients or visitors.

Two case patients of 54 (four percgmtere hospitalized at hospitals outside Genesee County during their
incubationperiod, in addition to being hospitalized at McLaren Flint Hospital.

The awareness of the need for proper water management in facilities where vulnerable populations gather has
been recognized by federal and state government. For examplé) t8€entersfor Medicaid and Medicare
Services (CMS) expects Medicare certified healthcare facilities to have water management policies and
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procedures to reduce the risk of growth and spread.efionellaand other opportunistic pathogens in building
water systemsHitps://www.cms.gov/Medicare/ProvideEnrollmentand
Certification/SurveyCertificationGenlnfo/Downloads/Surang-CertLetter-17-30.pd.
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An evaluation of potential healthcare exposure is always included in patient assessments by public health. It is a
part of standard review because, historically, healthcare facilities have been associated with outbreaks of
Legionnaires' Disease. This asgton is in part due to the number of patients with pegisting conditions that
increase risk of infection. The complex nature of hospital water systems can also facéateellagrowth and
dispersion, increasing risk of infection. CDC defines laegéthcare and hospital facilities as high risk buildings

F2NI [ SAA2YYIFIANBEAQ 5AaSHaS GNIyavYAaarzyd C2NJ GKAA Ay
AYLI GASYGS 2dzLI GASY G 2NJ GA&AG2N Opeyiddl OO 6AGK | K22
 During20141 nmp X pm OF aSa 27T [der@eniRogoyried iNBdvitualsviitaahl 8 S 06 p c ¢

identified healthcare exposure at McLaren Flint hospital. (Red figures)

f on OF&asSa 27F [ S3A geyshd dcdideed iW padehtsivBthaiiddntified heafttware
exposure. (Blue figures)

 SeverOl aSa 2F [ S3A 2 yefder®) dcBuired inpatientS with Gnkndwningomplete
healthcare exposure history. (White figures)

MDHHS continues to evaluate additional information asitisdhfaS R (2 dzLJRF0S GKS OKIF NI O
healthcareassociated exposures. As information becomes available, some of these unknown cases may be
reclassified to having healthcaessociated exposure.

Of the 83 cases in 2032015 for whom a responswas known (Red and Blue figures), pBrcent(n=54) had an
iIdentified healthcare exposure. Fiftpne (94percent) of those 54 individuals who had a healthcare exposure
indicated an exposure at McLaren Flint Hospital (Red Figures).

Based on comparisowith available summaies of Legionellosis outbreaksGenesee County experienced the
largest potable water healthcar¢ 8 a2 OA SR 2dz0oNBI{ 2F [ S3IA2yYylANBay -5

Source: Vital Signs: Deficiencies in Environmental Control Tléan6 R Ay h dzli 6 NS I | & 1 2N6rth [ArBefida, 20062014 MBVERNJuBe LG Hn6ea S
/ 65(22);576- 584 and www.specialpathogenslab.com/legionallabreaks.php
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This map describeshere each hospital in Genesee County most frequently draws its Medicare patients
(catchment area).

9 Each zip code has a circle whose size represents the number of hospital discharges for Medicare patients
who live in the zip code.

1 The color of the circieindicate the hospital where most of the discharges originated (red is McLaren
Hospital, blue is Hurley Hospital, and green is Genesys).

1 The depth of the color of the circle represents the relative proportion of total discharges that occurred
from a paticular hospital. For example, if the percent of all discharges that occurred from McLaren
Hospital in a zip code was over gércent the circle would be dark red. If a circle is light pink, the
discharges from McLaren would be less tharp8Ecentof all discharges from that zip code.

McLaren Flint Hospital tends to draw its Medicare patients from the area north and west of the hospital and from

Flint itself. Hurley Hospital tends to draw its Medicare patients from Flint and the area northtof¥dmesys
Regional Medical Center tends to draw its Medicare patients from areas to the east and south of Flint.
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¢CKAAa YIFILI RSAONARO6Sa GKS 20! iatledts/ived dufing tNGY inculiaton peBodish 2 y Y |- 7
1 Each zip code with a patient residence is indicated with a circle.
1 The size of the circle represents the number of Legionnaires' Disease patients who lived in the zip code
RAZNAY 3 GKSANI AyOdzol GA2y LISNA2R® ¢KS fFNHSad OANDTE
1 The color of the circles indicate what percentage of thosemts had exposure to McLaren Flint Hospital.
Circles colored in red represent zip codes where patients were more frequently associated with an
exposure to McLaren Flint Hospital during their incubation period. The darker the color indicates the higher
percentage of McLaren Flint exposed patients. The Blue circles represent zip codes where a higher
percentage of patients had no exposure to McLaren Flint hospital during their incubation period.

The zip codes where Legionnaires' Disease patients werelikegtto have McLaren Flint Hospital exposure
tend to be in the area from which McLaren Flint draws its Medicare patients at highest levels.
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These maps show the rates of LegioZBia W 5AaSFasS Ay DSySasSS /2dzyae o0& O
residence for those cases with exposure to McLaren Flint Hospital and those without knovauexpmMcLaren
Flint Hospital.
9 Rates are per 100,000 residents
1 The dark black outline depictise boundary of the City of Flint.
o Note: Not all census tracts within Flint municipal boundaries are ofriné watersysten) the water
system extends beyond the municipal boundaries in several locations so that some residents outside
the Flint municipbboundaries are oflint water.

Cases with known exposure to McLaren Flint are predominantly located on the Western side of Genesee County
and surrounding counties. This distribution reflects the overall distribution of patients seeking medical care at
aO[FNBYy CftAyd 1 2aLAdGlItd aO[FNBy CtAyd 1 2aLIAdGrtQa LI
percentage of patients originate from the West side of the City of Flint, and the Western and Northwestern areas

of Genesee County.

The census tracttes for nonMcLaren Flinbssociatedtcases tend to be lower than the rates for McLaren Flint
cases.
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¢KSaS YILA FNB o6f2¢y dzZll G2 aK2g GKS NI dSa 2F [ SIAz2yy
[ SAA2YY I ANB&AaQ 5AaSFasS o0& OSyadza UGN} OU 2F nthosedzsdsi A2y
with possible or definite exposure to McLaren Flint Hospital and those without known exposure to McLaren Flint
Hospital.
1 Rates are per 100,000 residents
1 The dark black outline depicts the boundary of the City of Flint.
0 Note: Not all census dcts within Flint municipal boundaries are on et watersystem the water
system extends beyond the municipal boundaries in several locations so that some residents outside
the Flint municipal boundaries are &itint water.

Cases with known exposute McLaren Flint are predominantly located on the Western side of Genesee County

and surrounding counties. This distribution reflects the overall distribution of patients seeking medical care at
aO[F NBY CtAyd 1 2aLAGl T & erdndtwed i widksplegdiibutlthg Bighwsti | f Qa LI
percentage of patients originate from the West side of the City of Flint, and the Western and Northwestern areas

of Genesee County.

The census tract rates for ndvicLaren FlintAssociated cases tend to be loviban the rates for McLaren Flint
Associated cases.
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This slide depicts the interaction between the exposures of residence dflintfwater(bottom row and top row

of figures) and McLaren Flint Hospital healthcare exposure during the incubation period (Red.figurespater

status was determined for all cases. The health care exposure status was unknown or incomplete for seven cases
(White figures), including five patients not residingkimt waterand two residing orf-lint waterduring their

incubation period.

a51 1 { O2yiliAydzsSa (2 S@lIftdad G4S FRRAUGAZ2YI T AYTF2NXYIGAZY |
health care associated exposures. As information becomes available, some of these unknown cases may be
reclassified to having healthcarassociated exposure.

During 20142015, 54 cases had a healthcare exposhiky-one of the 54 (94perceni) had a healthcare
exposure (inpatient, outpatient or visitor) confirmed at McLaren Flint (Red figures).

Of the 32 caes who did not have a McLaren Flint heal#lie associated exposure, nine residedrtint water.

Ten percent of the 90 cases were lBimt waterand had no healthcarassociated exposure (Blue figures with
white outline).
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