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Outline

How public health (CDC and state health departments)
and donation/transplantation intersect

Case Studies (neurologic symptoms of uncertain
etiology)

Public health recommendations as a result of
investigations

Methods for communicating recommendations



Organ Transplants: Balancing Resources
o Over 25,000 organ transplants

2 More than 72,000 patients on
active waitlist

o Limited availability of organs

0o Few criteria for donor exclusion



Notification Pathway to OPTN
Suspected Transmission

0 When a donor-derived disease transmission is
suspected in an organ recipient...

= The transplant center must inform the Host OPO and/or the
OPTN Patient Safety System to transfer knowledge/concern as
soon as possible to all other transplant centers that received
organs from the same donor. (OPTN policy 4.5)
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Intersect between Transplantation
and Public Health

0 When a donor-derived disease transmission is
suspected in an organ recipient and...

= A notifiable disease (as listed by state)
= Disease cluster
* two or more recipients infected
= Disease or condition with public health implications

* emerging pathogens
» diseases with potential for person-to-person transmission
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Partnering on Public Health Issues
in Transplantation

Public Health




Public Health Response - Objectives

Review clinical course of the donor and ill
recipients

Provide assistance with laboratory testing of
specimens from donor and all recipients

Review treatment options; access to IND
Identify pathogen source

ldentify opportunities for preventing future cases
of transplant-transmitted pathogens



Notable Organ-Transmitted Infections

Investigated by Public Health Authorities
2007 - 2011

a0 Viral
= HIV/HCV - 2007
= LCMV -2008,2011
= WNV -2008
= HCV from vessel conduit - 2009
= HIVin living donor-2010
= HBV-2011

0 Bacterial

= Tuberculosis — 2007,2009

o




Notable Organ-Transmitted Infections

Investigated by Public Health Authorities
2007 - 2011

2 Fungal
= Zygomycosis — 2009
= Coccidiodomycosis - 2009

0 Parasitic
= Babesiosis — 2008
= Balamuthia mandrillaris — 2009, 2010
= Strongyloidiasis — 2011




Transplant-Transmitted Infections

0 Donors misdiagnosed

0 Transplant-transmitted CNS infections
= Encephalitis/meningitis common to a number of diseases
= May present with non-specific symptoms

0 Potentially fatal forimmunocompromised patients

0 Several implicated pathogens
= Rabies
= WNV
= Balamuthia mandrillaris
= Lymphocytic choriomeningitis virus (LCMV)



Intersect between Transplantation
and Public Health (Balamuthia manderillaris )

0 When a donor-derived disease transmission is
suspected in an organ recipient and...

= A notifiable disease (as listed by state)
= Disease cluster
* two or more recipients infected
= Disease or condition with public health implications

* emerging pathogens
» diseases with potential for person-to-person transmission




Balamuthia mandrillaris

0 Free-living ameba

0 Postmortem specimen
of mandrill baboon

0 Rare but highly fatal
= <200 human cases

0 Special diagnostic techniques
= CDC and California




Balamuthia mandrillaris

0 Amebae in peri-vascular spaces
of blood vessels

0 Once disease becomes /
symptomatic, prognosis is poor

= meningoencephalitis associated with
95-98% case-fatality rate.

Schuster. CID 2009; 48:879-87.




Organ Donor (2010)

a 27-year-old Hispanic male landscaper

0 Presented with headache, nausea,
vomiting
= Confused, febrile, and hypertensive
= History of cocaine use

o Presumptive diagnosis of cocaine-
Induced stroke



Organ Donor: Clinical Progression

Admission Day 2: Lost vital reflexes, became comatose

NS

Admission Day 5: Pupils fixed and dilated, evaluated for
brain death

\/

Admission Day 6: Died, evaluated for organ donation




Organ Transplants
(July 22 — 23, 2010)

Organ Transplants

California

Utah
(Idaho resident)

7

35-year-old white
male heart
recipient

.

N\

45-year-old African
American male
kidney recipient

.

N\

J




Liver Recipient

0 Post-transplant day (PTD) 18
= Double vision and difficulty with walking
= Febrile; loses consciousness

o Neuroimaging: ring-enhancing
lesions

0 CSF: elevated protein, glucose,
white blood cells

o Brain biopsy inconclusive
= Died on PTD 26

MRI showing ring-enhancing lesions



Kidney-Pancreas (K-P) Recipient

Thymoglobulin induction

PTD 24: headache,
nausea, and vomiting

Fever on PTD 26, broad
antimicrobial coverage

CSF: elevated protein and
white blood cells

MRI showing ring-enhancing lesions




Brain Biopsy Provides Direction

Routine histopathology shows ameba

2 Ameba seen on brain biopsy

0 Morphology indicates
Balamuthia

= Multiple nucleoli

. Conﬁrmed by immunOhiStOChemiStry Immunohistochemistry confirms Balamuthia
and PCR 4 ; '

0 Targeted treatment
= Miltefosine

= |nvestigational New Drug




Timeline

l Pre-hospitalization

Died on PTD 26
l Hospitalization

Died on PTD 39

Kidney-Pancreas Recipient

CDC notified; testing indicates Balamuthia

l

0 5 10 15 20 25 30 35 40 45 50

Days since organ transplant




Heart and Kidney Recipients

0 Preemptive treatment
= Miltefosine
= Pentamidine
= Flucytosine
= Fluconazole
= Sulfadiazine
= Azithromycin

0 No symptoms of encephalitis

] 0 Specimens sent to CDC




CDC Laboratory Tests for Balamuthia

Patient Outcome Serology Real-time IHC
PCR
Donor Died + ND ND
K-P Died + + +
Recipient
Liver Died ND + +
Recipient
Heart Alive +%* - -
Recipient
Kidney Alive +%* ND —
Recipient

ND — Not Done because required specimens were not available

* — Serology for this patient was initially positive but became negative following preemptive treatment

-
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A Missed Connection

MRI showing wedge-shaped lesion Clinical photograph showing skin lesion




Transplant-Transmitted Balamuthia
Amebic Encephalitis

a 4 organ recipients in Mississippi, December 2009

0 Four-year-old male organ donor
= Presented with headaches, seizures, temp 99.9F
= Recent history of ILI
= CSF ~150 WBC
= Lesions on MRI — presumed post-influenza ADEM
= Died from subarachnoid hemorrhage




Transplant-Transmitted Balamuthia
Amebic Encephalitis

Autopsy gross findings:
chronic meningitis,
cavitations,“giant cells”

CDC made aware by
concerned clinician and
pathologist

Donor autopsy
specimens shipped to
CDC




D~

Transplant-Transmitted Balamuthia
Amebic Encephalitis

O Granulomatous amebic
encephalitis

= caused by free-living
amebae

o IHC and PCR confirmed
organism to be
Balamuthia mandrillaris




Transplant-Transmitted Balamuthia
Amebic Encephalitis

0 Kidney recipients developed encephalitis
= Neurologic symptoms 3 weeks post-transplant
= Fever,headache, seizures
= Balamuthia infection confirmed by PCR

0 One recipient died, other survived
= Combination antimicrobial therapy (plus miltefosine)
= Survivor has neurologic sequelae

0 Pediatric heart and liver recipients
= Asymptomatic, on prophylactic regimens
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Notes from the Field

Transplant-Transmitted Balamuthia
mandprillaris — Arizona, 2010

On August 23, 2010, CDC was notified regarding
two organ transplant recipients in Arizona who had
enu:phahtl.:. with mulriple ring-enhancing lesions
revealed by cerebral magneric resonance unaguu&_,. The
commeon organ donor, a Hispanic male landscaper
aged 27 years, had died in Arizona from a presumed
stroke on July 21. He had a large skin lesion for
approximately 6 months on his back that he had
attributed to an insect bite. The ill recipients, a male
liver reci
a kidney and pancreas ag

4 rears, received organ
. In addition, two other I'E-::ipi—

transplants on July
ents received organs from this donor: an adult male
heart recipient received his transplant in California on
July 22, and an adult male kidney recipient received
his transplant in Utah on July 23.

On August 8, the liver recipient had onset
diplopia and difhculty walking; he was hospirtalized
August 9 and died on August 17 The kidne}-*
recipient had onset of headache, nausea, and vomiting

ient aged 56 years, and a male recipient of

This is the second confirmed cluster of transplant-
transmitted Bal.
encephalitis (GAE). The first occurred in

nuthia granulornatous amebic
2009 in

- and frequently fatal

, a free-living ameba

_ rsons of Hispanic ethnicity

1night be disproportionatel}-' affected (2,3). Patients
can have skin lesions months to years before having
encephalitis symproms. No optimal treatment has
been identifie
bllla.tlnIl antu‘nluobml ther:

among patients treated with com-
few ha

I’Ll‘ﬂEbIL EHLEPthIIQ mig Nt bE more Comimaon

th an previo uql\' tho :u-:fht and underdia £no d among
organ donors with encephalitis of uncertain etiology
or other neurologic conditions.*
*Additional informarion awvailable at hrep://www.cdc
balamuthia.

Reported by
Avrizona Dept of He: Div of Healthcare Quality
Promotion, Div of ; cquence Pa ;
Pathology, Div of Fi

1d Envi-

£ ?‘g?-l_'l rre,
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Centers for Disease Control and Prevention

Weekly / Vol. 59 / No. 36

Morbidity and Mortality Weekly Report

September 17, 2010

Balamuthia mandrillaris Transmitted Through Organ Transplantation —
Mississippi, 2009

On December 14, 2009, a physician in Mississippi contacted
CDC o report possible transplant-transmitted encephalitis in
two kidney transplant recipients who shared the same organ
donor. Histopathologic testing of donor autopsy brain tissue
at CDC showed amebae, and subsequent testing of specimens
from the donor and the two kidney recipients confirmed
transmission by transplantation of Bademurhia granulomartous
amebic encephalitis (GAE), a rare disease caused by Balamurhia

a free-living ameba found in soil (). One kidney
recipient, a woman aged 31 years, died; the other recipient,
a man aged 27 years, survived with neurologic sequelae.
Recipients of the heart and liver from the same donor received
preemptive therapy and have shown no signs of infection. The

prescribed antivirals; his symptoms resolved without hospitaliza-
tion. On November 3, the boy had sudden onset of headache
and seizures and was hospitalized (Table 1). Cerebrospinal
fluid (C emonstrated lymphocy
blood ce 3) and normal protein (;
resonance imaging (MRI) of the brain showed numerous small
enhancing lesions and edema (Table . An extensive sea
for viral, bacterial, and fungal etiologies of encephalitis w
unrevealing. His clinical presentation, CSF findings, and MRI
were thought to be most consistent with a diagnosis of ADEM,
an immune-mediated encephalitis that can follow influenza or
other infections. He was treated symptromartically and discharged
on November 6.
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Balamuthia mandrillaris
Transmitted Through
Organ Transplantation —
Mississippi, 2009

September 17, 2010/ 59(36);,1165-1170
http://www. cde.govimmuwir/preview/mmwrhtml/
mm5936ai1.htm?s_cid=mm5936a1_w

an in Mississippi contact-

lant-transmitted encephali-

tis intwo k |dne\,’tra )l plent., -.VhO shared the ame
organ donor. H|stor:d‘rhr3||:3gi é

t|ssue at CDC showec

granu Ic.u m atc.l us &
caused by Balamuthia mandrillaris, a f iving a ha
found in soil (7). One kidney recipient, a woman aged 31

Morbidity and Mortality Weekly Report

nosed with influenza A infection by rapid influenza test on
October 25 and prescribed antivirals; his symptom
resolved without hospitalizati On November 3,
the boy had sudden onset i
was hospitalized. Cerebrospinal fluid (C
lymphocytic pleocytosis (170 white k
normal protem (29 mg/dL); magnetic resonance imaging
wed numerous small enhancing Ie-
( ive search for viral, bac
alitis was unre
MRI were ‘[houqht
) of ADEM, an im-
n follow influenza or
other ir'l feuz
charged on N
TI"IE‘ bD",-’ was =Te nitted on vember - Wi recur-
d progression
demon-
strated lymphocytic ocyto (150 cells/ and nor-
mal protein (44 mg/dL). He was treated for presumed
worsening ADEN with intravenous corticosteroids and
immunoglobulin. He devel d subarachnoid hemor-
rhage and brain stem herniation on November 18 and was

American Journal of Transplantation; 2011; 11: 173-176



Recommendations

O Increased awareness of Balamuthia infection In
patients with neurologic signs and skin lesions

0 Better assessment of potential organ donors with
possible encephalitis

0 Need for prompt notification of organ procurement
organizations, public health departments and CDC



Intersect between Transplantation
and Public Health (LCMV)

0 When a donor-derived disease transmission is
suspected in an organ recipient and...

* A notifiable disease (as listed by state)
= Disease cluster
* two or more recipients infected
= Disease or condition with public health implications

* emerging pathogens
» diseases with potential for person-to-person transmission




Organ Transplant-Associated Lymphocytic
Choriomeningitis Virus (LCMV)




LCMV

0 Transmission route
= Rodent secretions/excretions

O Symptoms
= Asymptomatic
= Fever
= Meningitis/encephalitis

0 Mortality rate <1percent

0 Transmission
= Pregnant women to fetus
= Organ transplantation




Four Clusters Confirmed Transplant-transmitted
LCMYV in United States

a 2003

= 2 kidney, 1 liver, 1 lung recipient

o 2005

= 2 kidney, 1 liver, 1 lung recipient

o 2008

= 2 kidney recipients

o 2011

= 2 kidney, 1 liver, 1 lung recipient




Organ Donor
2003

0 51 year-old male

0 Found unresponsive
= Large right-sided subdural hematoma per CT
= Afebrile throughout hospitalization
= No infection detected per screening and testing
= Declared brain-dead 2 days post-admission

Fischer, NEJM, vol. 354, 2006



Organ Donor
2005

0 45 year-old female with history HTN

0 5 day history of HA and acute left-sided weakness
= Infarctin distribution of right middle cerebral artery per CT
= Afebrile and normal liver enzymes throughout hospitalization
= Developed intracerebral and subarracchnoid hemorrhages
= Progressed to brain death

Fischer, NEJM, vol. 354, 2006



Organ Donor
2008

0 49 year old homeless male
= History of seizures

0 Hospitalized for witnessed tonic-clonic seizure
= Febrile on admission
= Treated empirically for possible HSV and bacterial meningitis
= Lumbar puncture
* Elevated WBCs, normal protein
* Gram stain, culture,and HSV PCR negative
0 2 days post-admit found unresponsive
= suffered a cardiac arrest
= 1 week post-admit: life support withdrawn



Organ Donor
2011

0 13 year-old female with history IDDM

0 2-day history nausea and vomiting

Admission WBCs elevated

Complained of severe HA

No lumbar puncture

Developed muscle spasms and jerking
Declared brain dead 2 days post-admission



Clinical Manifestations - 14 Recipients

Fever (13)

Headache, nuchal rigidity, nausea, vomiting, seizures, altered mental
status , delerium, lethargy, polymyoclonus, visual changes (11)

Pain at graft site, peri-incisional erythemia or rash, abdominal pain (9)

Hepatic insufficiency, severe hepatitis, elevated ALT/AST,
thrombocytopenia, coagulopathy, prolonged PTT (9)

Diarrhea (7)
Pulmonary infiltrates, hypoxia, respiratory failure, dyspnea, ARDS (5)

Hypotension, atrial fibrillation, renal failure, multi-organ failure



Kidney (2003)

Recipient Timeline

Kidney (2003)

X

Liver (2003)*

Lung (2003)%

Kidney (2005)

Liver (2005)*

Lung (2005)*

Kidney (2008)

Kidney (2008)

X — Readmission

X - Expired

* - Not discharged

Kidney (2011)*

Lung (2011)

32 40 48
Days Post-transplantation

56

64

72
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CDC Laboratory Tests for LCMV

Serology Real-time IHC Culture
RT-PCR
Donor (2003) — — — —
Donor (2005) — - — —
Donor (2008) IgM =+ NT NT NT
lgG +
Donor (2011) — + — NT

NT — Not Tested because required specimens were not available




CDC Laboratory Tests for LCMV

Serology Real-time IHC Culture
RT-PCR
Donor (2003) — — - —
Donor (2005) - — — —
+
Donor (2008) 'gM NT NT NT
IgG +
Donor (2011) — + — NT
Hamster (2005) * IgM NT + + +
IgG —
Hams.ter IgM + N NA _
caregiver IgG +

* - Specimens positive for =21 test: skin, lung, heart, kidney, bladder, liver, spleen, Gl tract,

pancreas, spleen, muscle, adrenal gland, salivary gland, and CNS tissue




CDC Laboratory Tests for LCMV
2005 Recipient Cluster

Recipients Serology Real-time IHC Culture
RT-PCR
éigrnv?zéz) IgM + + + +
Kidney B - + + +
| Liver — + + +
Lung — + + +

Autopsy specimens positive for 21 test: skin, lung, heart, kidney, liver, spleen, Gl tract, blood, serum.

Also CNS tissue for liver and lung recipients.

>




Treatment

0 Currently no LCMV-specific treatment for humans
= Ribavirin activity against LCMV in vitro

0 Kidney recipient (2005) who survived
= |V ribavirin; reduced immunosuppressive therapy
= |nitiated day 26 post-transplant; duration of 37 days

0 Kidney recipient (2008) who died
= [V ribavirin; 1 dose IVIG
= |nitiated 6 week post-transplant

a Liver and Kidney A recipient (2011) who survived
= Not treated with ribavirin



Public Health Response - 2005 Cluster
Source of LCMV?

= Environmental assessment of donor home
and workplace

= Epidemiologic investigations involving pet
hamster

* Rhode Island pet store; Ohio distribution
facility; Arkansas breeding facility

* Review shipping records, USDA
inspection reports, on-site environmental
assessments




Public Health Response - 2008 Cluster
Source of LCMV?

* Environmental assessment of homeless shelter
and surrounding area

o Approximately 350 homeless men each night
o Rodent traps checked weekly; 0-6 mice/week

* Area littered with liquor bottles, blankets,
human feces

* Local public health response included rodent
reduction and litter removal
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LNAL of MEDICINE

Transmission of Lymphocytic Choriomeningitis
Virus by Organ Transplantation

ABSTRACT

BACKGROUND
In December 2003 and April 2005, signs and symptoms suggestiv fection devel-
oped in two groups of recipients of solid-organ transplants. Eac ter was inves-
tigated because diagnostic evaluations were unrevealing, and in each a common do-
nor was recognized.

METHODS
We examined clinical \perimenﬂ from the two donors and eight recipients, using
viral culture, electron mic serologic testing, molecular analy nd histo-
pathological examination with unmunﬂhlamchemkal staining to identify a cause.
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Pet Rodents and Fatal Lymphocytic
Choriomeningitis in Transplant
Patients

Brian R. Amman,*' Boris l. Pavlin,*"?2 Cesar G. Albarifio,* James A. Comer,* Bobbie R. Erickson,*
Jennifer B. Oliver,* Tara K. Sealy,* Martin J. Vincent,* Stuart T. Nichol,* Christopher D. Paddock,*
Abbigail J. Tumpey,* Kent D. Wagoner,* R. David Glauer,t Kathleen A. Smith,t Kim A. Winpisinger,t
Melody S. Parsely,§ Phil Wyrick, Christopher H. Hannafin,# Utpala Bandy,** Sherif Zaki,*
Pierre E. Rollin,* and Thomas G. Ksiazek*

In April 2005, 4 transplant recipients became ill after
receiving organs infected with lymphocytic choriomenin-
gitis virus (LCMV): 3 subsequently died. All organs came
from a donor who had been exposed to a hamster infected
with LCMV. The hamster was traced back through a Rhode
Island pet store to a distribution center in Ohio, and more
LCMV-infected hamsters were discovered in both. Rodents
from the Ohio facility and its parent facility in Arkansas
were tested for the same LCMYV strain as the 1 involved
in the transplant-associated deaths. Phylogenetic analysis
of virus sequences linked the rodents from the Ohio facility
to the Rhode Island pet store, the index hamster, and the
transplant recipients. This report details the animal trace-
back and the supporting laboratory investigations.

l ymphocytic choriomeningitis virus (LCMV)
( s endemic in house mice (Mus

dentborne aren:
musculns) worldwide (/—3). Lymphocvtic choriome

underreporte a cause of poor preg-
Human infection occurs most com-
irect contact or inhalation of

s of infected

n transmis-
on trom

SON-to-pers
pt for transm
s cluster in December

s not been reported, e
mother to fetus (7) and 1 prev
3 of infi n transplantation (9 .

In earl recipients of solid-organ trans-

ode Island anc chusetts

er transplantation: 3 subse-

nts shared a common donor.

blood samples from the donor and recipients

were sent from the Rhode Island Department of Health
chusetts Department of Public Health to the
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CDC Home  [Search |Health Topics A-Z

July 25, 2008 / 57(29);799-801

Brief Report: Lymphocytic Choriomeningitis Virus
Transmitted Through Solid Organ Transplantation ---
Massachusetts, 2008

Lymphocytic choriomeningitis virus (LCMV) is a rodent-borne arenavirus found worldwide. House mice (Miss
mmc’n/m are the natural res TVOIL, but LC o can infect other wild, pet, and laboratory rodents (e.g., rats,
guinea pigs, anc : : an be 1 d tllrough sure to rodent excreta. Person-to-person
rgan transplantation (/--3). LCMV
infection i humans can be ¢ _}*111]1t0111'1t1:. or caus Hpet.‘[ﬂllll ot 111113% ranging from isolated fever to meningitis and
encephalitis. Overall case fatality '1%. Fetal infections can result in congenital abnormalities or death.
Immunuu.uppw_sed patients, such as i tmnsplant 1(—.‘L1plt‘ll‘[k. can devi elop fatal hemorrhagic fever--like disease.
on of LCMV and an L / —hke ar ena\'mb Vvia organ fr anxphn‘ratlon has been documented in three
clusters (/,2). Of 11 recipients des 5 sters, of multisystem organ failure, with LCMV -
atient was treated with ribavirin (an antiviral with in vitro
y ag - On April 15 08, an organ procurement
organizat [t DPO) notified CDC et lant recipients from a common donor; at the
time of notification. one of the recipients had died. Sample:- t10111 the donor and both recipients were tested at CDC;
on April 22, test results revealed evidence of acute LCMV infection in the donor and both recipients. This report
summarizes the results of the subsequent public health investigation.




Recommendations

Healthcare providers should consider LCMYV infection
= Donors with aseptic meningitis and encephalitis

= Recipients with unexplained fever, hepatitis, or multisystem
organ failure

Clinicians should ask about history of rodent contact
in donors with aseptic meningitis.

Early detection of LCMV infection and treatment with
ribavirin may improve outcomes

Pregnant women and immunocompromised persons
should avoid pet rodents



Summary

Transplant centers should use caution when accepting
organs from donors with neurologic symptoms of
encephalitis or meningitis.

Prompt notification of PH authorities, when appropriate,
can facilitate rapid investigation and discovery of events.

Identifying the causative agent is typically complex and
requires collaboration among multiple entities to solve.

= PH authorities, transplant centers, OPO, OPTN/UNOS

Early recognition of disease transmission and treatment
may reduce recipient morbidity and mortality
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Thank you!

Questions or Comments?

For more information please contact Centers for Disease Control and Prevention

1600 Clifton Road NE, Atlanta, GA 30333
Telephone: 1-800-CDC-INFO (232-4636)/TTY: 1-888-232-6348
E-mail: cdcinfo@cdc.gov  Web: http://www.cdc.gov

The findings and conclusions in this report are those of the authors and do not necessarily represent the official position of the
Centers for Disease Control and Prevention.

National Center for Emerging and Zoonotic Infectious Diseases
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