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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

 Over 25,000 organ transplants

 More than 72,000 patients on 

active waitlist

 Limited availability of organs

 Few criteria for donor exclusion



Notification Pathway to OPTN
Suspected Transmission

 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

 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

UNOSTransplant Center

OPO



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

 Identify opportunities for preventing future cases 

of transplant-transmitted pathogens



Notable Organ-Transmitted Infections
Investigated by Public Health Authorities

2007 - 2011

 Viral
 HIV/HCV – 2007

 LCMV – 2008, 2011 

 WNV – 2008

 HCV from vessel conduit – 2009

 HIV in living donor – 2010

 HBV – 2011

 Bacterial
 Tuberculosis – 2007, 2009



Notable Organ-Transmitted Infections
Investigated by Public Health Authorities

2007 - 2011

 Fungal
 Zygomycosis – 2009

 Coccidiodomycosis – 2009 

 Parasitic
 Babesiosis – 2008

 Balamuthia mandrillaris – 2009, 2010

 Strongyloidiasis – 2011 



Transplant-Transmitted Infections

 Donors misdiagnosed

 Transplant-transmitted CNS infections
 Encephalitis/meningitis common to a number of diseases

 May present with non-specific symptoms

 Potentially fatal for immunocompromised patients

 Several implicated pathogens
 Rabies

 WNV

 Balamuthia mandrillaris

 Lymphocytic choriomeningitis virus (LCMV)



Intersect between Transplantation
and Public Health (Balamuthia mandrillaris )

 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

 Free-living ameba

 Postmortem specimen

of mandrill baboon

 Rare but highly fatal

 <200 human cases 

 Special diagnostic techniques

 CDC and California



Balamuthia mandrillaris

 Amebae in peri-vascular spaces 
of blood vessels

 Once disease becomes 
symptomatic, prognosis is poor 
 meningoencephalitis associated with 

95-98% case-fatality rate.

Schuster.  CID 2009; 48: 879-87.



Organ Donor (2010)

 27-year-old Hispanic male landscaper

 Presented with headache, nausea, 

vomiting

 Confused, febrile, and hypertensive

 History of cocaine use 

 Presumptive diagnosis of cocaine-

induced stroke



Organ Donor: Clinical Progression

Admission Day 6: Died, evaluated for organ donation 

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

Admission Day 2: Lost vital reflexes, became comatose



Organ Transplants

Organ Transplants 

(July 22 – 23, 2010)

Arizona

56-year-old white 
male liver recipient

24-year-old 
Hispanic male 

kidney-pancreas 
recipient

California 35-year-old white 
male  heart 

recipient

Utah 

(Idaho resident)

45-year-old African 
American male 
kidney recipient



Liver Recipient

 Post-transplant day (PTD) 18

 Double vision and difficulty with walking

 Febrile; loses consciousness

 Neuroimaging: ring-enhancing 

lesions

 CSF: elevated protein, glucose, 

white blood cells

 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

 Ameba seen on brain biopsy

 Morphology indicates 

Balamuthia

 Multiple nucleoli

 Confirmed by immunohistochemistry 

and PCR

 Targeted treatment

 Miltefosine 

 Investigational New Drug

Routine histopathology shows ameba

Immunohistochemistry confirms Balamuthia



Timeline

0 5 10 15 2520 30 35 4540 50
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Days since organ transplant

Died on PTD 26

Died on PTD 39
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Hospitalization

CDC notified; testing indicates Balamuthia



Heart and Kidney Recipients

 Preemptive treatment

 Miltefosine

 Pentamidine

 Flucytosine

 Fluconazole

 Sulfadiazine

 Azithromycin

 No symptoms of encephalitis

 Specimens sent to CDC



CDC Laboratory Tests for Balamuthia

Donor Died + ND ND

K-P

Recipient 

Died + + +

Liver

Recipient

Died ND + +

Heart 

Recipient

Alive +* – –

Kidney 

Recipient

Alive +* ND –

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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CDC Laboratory Tests for Balamuthia

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

 4 organ recipients in Mississippi, December 2009

 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



Transplant-Transmitted Balamuthia
Amebic Encephalitis

 Granulomatous amebic 
encephalitis
 caused by free-living 

amebae

 IHC and PCR confirmed 
organism to be 
Balamuthia mandrillaris



Transplant-Transmitted Balamuthia
Amebic Encephalitis

 Kidney recipients developed encephalitis
 Neurologic symptoms 3 weeks post-transplant

 Fever, headache, seizures

 Balamuthia infection confirmed by PCR

 One recipient died, other survived
 Combination antimicrobial therapy (plus miltefosine)

 Survivor has neurologic sequelae

 Pediatric heart and liver recipients
 Asymptomatic, on prophylactic regimens



Communication of Transmission



Communication of Transmission



Communication of Transmission

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



Recommendations

 Increased awareness of Balamuthia infection in 

patients with neurologic signs and skin lesions

 Better assessment of potential organ donors with 

possible encephalitis

 Need for prompt notification of organ procurement 

organizations, public health departments and CDC



Intersect between Transplantation
and Public Health (LCMV)

 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)

Courtesy of www.microbioloybytes.com



LCMV

 Transmission route
 Rodent secretions/excretions

 Symptoms
 Asymptomatic

 Fever

 Meningitis/encephalitis

 Mortality rate <1percent

 Transmission
 Pregnant women to fetus

 Organ transplantation



Four Clusters Confirmed Transplant-transmitted 
LCMV in United States

 2003
 2 kidney, 1 liver, 1 lung recipient

 2005
 2 kidney, 1 liver,  1 lung recipient

 2008
 2 kidney recipients

 2011
 2 kidney, 1 liver, 1 lung recipient



Organ Donor
2003

 51 year-old male

 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

 45 year-old female with history HTN

 5 day history of HA and acute left-sided weakness
 Infarct in 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

 49 year old homeless male
 History of seizures 

 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

 2 days post-admit found unresponsive
 suffered a cardiac arrest

 1 week post-admit:  life support withdrawn



Organ Donor
2011

 13 year-old female with history IDDM

 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



Recipient Timeline
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CDC Laboratory Tests for LCMV 

Donor  (2003) _ _ _ _

Donor (2005) _ _ _ _

Donor (2008)
IgM +

IgG +
NT NT NT

Donor (2011)
_

+
_ NT

NT – Not Tested because required specimens were not available



CDC Laboratory Tests for LCMV 

Donor  (2003) _ _ _ _

Donor (2005) _ _ _ _

Donor (2008)
IgM +

IgG +
NT NT NT

Donor (2011)
_

+
_ NT

Hamster (2005) *
IgM NT

IgG –
+ + +

Hamster 

caregiver

IgM +

IgG +

_
NA

_

* - Specimens positive for  ≥1 test:  skin, lung, heart, kidney, bladder, liver, spleen, GI tract,  

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



CDC Laboratory Tests for LCMV 
2005 Recipient Cluster

Kidney A 

(survived)
IgM + + + +

Kidney B
_ 

+ + +

Liver
_

+ + +

Lung
_ 

+ + +

Autopsy specimens positive for  ≥1 test:  skin, lung, heart, kidney, liver, spleen, GI tract, blood, serum.

Also CNS tissue for liver and lung recipients.



Treatment

 Currently no LCMV-specific treatment for humans
 Ribavirin activity against LCMV in vitro

 Kidney recipient (2005) who survived
 IV ribavirin;  reduced immunosuppressive therapy

 Initiated day 26 post-transplant;  duration of 37 days

 Kidney recipient (2008) who died
 IV ribavirin; 1 dose IVIG

 Initiated 6 week post-transplant

 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



Communication of Transmission
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Recommendations

 Healthcare providers should consider LCMV 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.
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